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Despite the availability of multiple nonheparin anticoagulants for the treatment of
heparin-induced thrombocytopenia (HIT), few data are available comparing the costeffectiveness of these agents. This analysis is particularly important when considering
• Fondaparinux was the most
differences in the risk of adverse effects, routes of administration, requirements for
cost-effective agent for
phlebotomy and laboratory monitoring, and overall drug costs. We conducted a costsuspected HIT, prevailing
effectiveness analysis of argatroban, bivalirudin, and fondaparinux for the treatment of
over both argatroban and
suspected HIT from the institutional perspective. A 3-arm decision-tree model was
bivalirudin.
developed that employs standard practices for anticoagulation monitoring. We incorpo• Our data suggest potential
rated published data on drug efficacy and probability of HIT-related thromboembolism
cost savings with
and major bleeding. We considered both institutional costs and average wholesale price
fondaparinux and underscore (AWP) and performed probabilistic sensitivity analyses (PSA) to address any uncertainty
the need for larger clinical
in model parameters. Using institutional costs, fondaparinux prevailed over both
studies of fondaparinux in this argatroban and bivalirudin in terms of cost ($151 vs $1250 and $1466, respectively) and
area.
adverse events averted (0.9989 vs 0.9957 and 0.9947, respectively). Results were
consistent when AWP was used, with fondaparinux being less expensive ($555 vs $3081
and $2187, respectively) and more effective in terms of adverse events averted (0.9989 vs 0.9957 and 0.9947, respectively). The PSA
confirmed our findings using both institutional costs and AWP. In conclusion, fondaparinux subcutaneous injection afforded
significant advantages in terms of cost savings and adverse events averted compared with IV argatroban or bivalirudin infusions. Our
data strongly suggest potential cost savings with fondaparinux and underscore the critical need for larger clinical studies of
fondaparinux in the treatment of suspected HIT. (Blood. 2016;128(26):3043-3051)

Key Points

Introduction
Heparin-induced thrombocytopenia (HIT) is an uncommon yet serious
adverse effect of heparin products. This complication develops due to
the formation of an immunogenic complex of negatively charged
heparin with the positively charged platelet factor 4 that forms on the
surface of activated platelets. Immunoglobulin G antibodies form and
bind to the platelet factor 4–heparin complex, ultimately leading to the
activation of the coagulation cascade with potential arterial and venous
thrombotic complications.1-3 HIT is the most frequent drug-induced
type of thrombocytopenia, with an incidence of ;1% to 5% of
inpatients exposed to heparin in the United States.2,4 Management of
strongly suspected or conﬁrmed HIT includes cessation of heparin
products and initiation of alternative anticoagulant therapy to inhibit
thrombin production while awaiting laboratory testing and clinical
evaluation for thrombosis to conﬁrm or rule out the diagnosis of HIT.2
Treatment of suspected and conﬁrmed HIT has traditionally
involved the use of nonheparin anticoagulants, including direct
thrombin inhibitors (argatroban, bivalirudin, and lepirudin) or

heparinoids (danaparoid). Argatroban and bivalirudin are the currently
available US Food and Drug Administration (FDA)–approved
anticoagulants for the management of HIT,5,6 although bivalirudin’s
approved indication is speciﬁcally for treatment of HIT in patients
undergoing percutaneous coronary intervention. The evidence supporting the management of suspected HIT patients with bivalirudin stems
mainly from case reports.7-13 These agents are expensive, administered
intravenously as continuous titratable infusions, and require frequent
laboratory monitoring and dose adjustment.
Fondaparinux has received increased attention as a nonheparin
anticoagulant in the treatment of suspected HIT.14-17 Expert
opinion3,18-20 and emerging evidence21-23 suggest fondaparinux is a
safe and effective alternative agent. This selective factor Xa inhibitor is
provided as a daily subcutaneous injection and requires only infrequent
laboratory monitoring. Considering its potential clinical utility, the
relatively low drug cost, and the lack of frequent laboratory monitoring
and dose titration, fondaparinux may provide a reduced risk of adverse
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effects as well as signiﬁcant cost savings over FDA-approved agents.
We performed a cost-effectiveness analysis comparing argatroban,
bivalirudin, and fondaparinux in the management of suspected HIT
from the institutional perspective. In this, we focused on the costs
associated with managing the adverse events of venous thromboembolism (VTE) and major bleeding, laboratory tests, drug administration
time, and drug costs to derive conservative estimates of the comparative
cost-effectiveness of these agents in the management of suspected HIT.

Methods
Patient population
The modeled cohort used the proﬁle of patients in relevant trials: adult men and
nonpregnant, nonbreastfeeding women with creatinine clearance .50 mL/min
and suspected or conﬁrmed HIT.24,25 A diagnosis of HIT was assumed to
include a 4T score .4 with a positive enzyme-linked immunosorbent assay
(ELISA) optical density .0.4 and a conﬁrmed platelet serotonin-release assay
(SRA).2,26
Model structure
A decision-tree model was developed to simulate a hypothetical cohort of
patients with suspected HIT treated with argatroban, bivalirudin, or fondaparinux
as alternative anticoagulants to the discontinued heparin products (Figure 1). This
model was designed to calculate cost in US dollars (USD) per adverse event
averted. The model was tested in probabilistic sensitivity analyses (PSA) with
2000 simulations using speciﬁcally programmed routines in Excel (Microsoft
Corporation, Redmond, WA) that we have used extensively in prior economic
analyses.27 The model speciﬁes 3 pathways of clinical decision making once
HIT is suspected. Heparin products are discontinued and management with
argatroban, bivalirudin, or fondaparinux is initiated. Laboratory diagnostic tests
to conﬁrm or rule out HIT are ordered. While awaiting the results, patients are at
risk of VTE or major bleeding. We used 3% as the mean incidence of conﬁrmed
HIT based on the reported incidence of 1% to 5% in inpatients in the United
States.2,4 Although higher percentages of up to 10% have been reported in
different subpopulations of patients,28-30 we opted for an incidence rate reﬂecting
the general population.
The 3 pathways split into secondary pathways based on diagnostic test results
(ELISA and/or SRA) conﬁrming or ruling out HIT. Since it usually takes $24
hours for these results,31 it was assumed that patients in whom HIT was ruled out
were exposed to 2 days of nonheparin anticoagulation. In patients with conﬁrmed
HIT, we assumed a best-case scenario of platelet recovery to .150 3 109/L and
bridging to warfarin requiring 4 additional days of nonheparin treatment, for a
total of 6 days.3,19,24,25
The 6 pathways are associated with speciﬁc probabilities of developing HITrelated VTE or experiencing an HIT-related major bleeding based on published
incidence rates (Figure 1). The major bleeding observed in relevant trials was
gastrointestinal (GI) bleeding.5,32 Thus, we assumed that the cost of managing GI
bleeding equated the cost of managing major bleeding. We assumed a zero
probability of HIT-related VTE in HIT-negative patients. Amputation was not
included as an adverse event due to insufﬁcient published evidence regarding
amputation rates associated with fondaparinux therapy; which would disfavor
argatroban.33 Death was not included as an adverse event; relevant deaths in the
argatroban trials were those attributable to HIT-related VTE or major bleeding
and therefore events would be duplicated in our analysis.24,25 Based on published
evidence, the daily probability of HIT-related VTE associated with fondaparinux
was assumed to be the same as that associated with argatroban.17 However, each
agent has a different probability of major bleeding.24,25,34,35
Probabilities for major bleeding were converted, as needed, to 2 and 6 days as
follows: p 5 1 2 exp (2rt), where p is probability, r is rate, and t is time.
For example, the following calculates the 6-day probability of HIT-related
VTE associated with argatroban that was measured over 37 days in the pivotal
trials24,25:
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Baselineð37-dayÞprobability ¼ 82=722 ¼ 0:1136
r ¼ 2ð1=tÞlnð1 2 pÞ ¼ 2ð1=37Þlnð1 2 0:1136Þ ¼ 0:00326
6-day probability: p ¼ 1 2 expð20:00326p1Þ ¼ 0:01936
This estimate assumes that the daily rate of adverse events is constant over time.
Cost estimates
All costs were expressed in 2016 USD; those not expressed in 2016 USD were
adjusted using the consumer price index.36 The argatroban package insert
recommends 2 mg/kg per minute for patients without liver dysfunction,5
although in certain patient populations, starting with lower doses may achieve
therapeutic activated partial thromboplastin time (aPTT) and improve drug
safety.37-39 We used a conservative, low dose of 0.5 mg/kg per minute. The offlabel dose of bivalirudin for managing HIT is suggested as 0.15 mg/kg per hour as
a continuous titratable infusion.14 Due to uncertainty with regard to therapeutic vs
prophylactic fondaparinux dose for management of suspected HIT,40 we used
therapeutic fondaparinux dosing per the American College of Chest Physicians
guideline on fondaparinux for suspected HIT.2 Considering an average body
weight for North American adults of 80.7 kg,41 we assumed a total daily dose of
58.1 mg argatroban, 291.5 mg bivalirudin, and 7.5 mg fondaparinux. Argatroban
and bivalirudin are only stable for 24 hours after preparation.5,6 This means there
would be signiﬁcant waste of argatroban, using only 58.2 mg from each 250-mg
vial, and minimal waste of bivalirudin. Therefore, our analysis included use
of 6 vials for those receiving argatroban and 7 vials for those receiving
bivalirudin for a total of 6 days of therapy. The argatroban package insert
recommends performing 1 aPTT test 2 hours after initiation and after each
dose adjustment.5 Bivalirudin is also titrated for HIT therapy based on
trends in the aPTT. To obtain the most conservative estimate of argatroban
and bivalirudin cost, we assumed that patients would achieve a therapeutic
aPTT with 0.5 mg/kg per minute dose for argatroban and 0.15 mg/kg per
hour for bivalirudin, precluding the need for dose adjustment and repeat
test. Monitoring of anti–factor Xa with fondaparinux is not routinely
recommended and was not included in our analysis.
We used the drug cost at our institution (Banner-University Medical Center,
Tucson, AZ) as primary base-case estimate: a vial cost of $331 for 250 mg/2.5 mL
argatroban, $418 for a 250-mg/5-mL vial of bivalirudin, and a preﬁlled 7.5-mg
fondaparinux syringe cost of $32.72. We performed a secondary base-case
analysis utilizing the average wholesale price (AWP) from Red Book for
national costs.42
Costs of adverse events and aPTT tests were estimated from published
literature.43-45 Administration costs were calculated per the 2016 Medicare
Physician Fee Schedule using the Current Procedure Terminology codes
(Table 1).46 We excluded costs that would be the same for the 3 agents
(eg, the cost of ELISA and/or SRA; cost of tests such as serum creatinine,
hemoglobin, hematocrit; and cost per day of hospitalization). These were
assumed to be equal for all agents. More generally, we aimed to derive
conservative estimates of the comparative cost-effectiveness of the 3 agents
by focusing on a core set of costs so to favor, from the onset, argatroban and
bivalirudin over fondaparinux.
Probabilistic sensitivity analyses
PSAs with 2000 simulations were performed on both the institutional costs and
AWP to address the uncertainty in the model through sampling from distributions
assigned to the model parameters. The uncertainty in treatment cost was
addressed by applying g distributions. We also applied g distributions to the cost
of managing adverse events. Uncertainty regarding the probability of adverse
events was assessed using b distributions. One-way sensitivity analysis was
implemented for argatroban and bivalirudin, and the vial cost in the primary basecase analysis was used to deﬁne the price at which the 2 agents would be
equivalent to fondaparinux in terms of cost.
Additional sensitivity analyses
Longer duration of therapy. To account for different scenarios encountered
in clinical practice, we performed an additional analysis examining a longer
(9-day) duration of nonheparin anticoagulants for the management of patients
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VTE
BR 11.36% P 1.9% (Ref. 24,25)
HIT confirmed

Major bleeding

Average duration = 6 days

BR 6.23% P 1% (Ref. 24,25)
No complication

Argatroban
VTE
BR 0% P 0% (assumption)
HIT excluded

Major bleeding

Average duration = 2 days

P 0.35% (Ref. 24,25)
No complication

VTE
BR 4.56 % P 0.93% (Ref. 7)
HIT confirmed

Major bleeding

Average duration = 6 days

BR 7.59 % P 1.57% (Ref. 7)
No complication

Patients with suspected HIT

Bivalirudin

Average incidence =3%

VTE
BR 0% P 0% (assumption)
HIT excluded

Major bleeding

Average duration = 2 days

P 0.53% (Ref. 7)
No complication

VTE
BR 11.36% P 1.9% (assumption)
HIT confirmed

Major bleeding

Average duration = 6 days

BR 2.7% P 0.15% (Ref. 34,35)
No complication

Fondaparinux
VTE
BR 0% P 0% (assumption)
HIT excluded

Major bleeding

Average duration = 2 days

P 0.05% (R. 34,35)
No complication

Figure 1. Decision-analysis tree. The decision-analysis tree model starts when HIT is suspected and all forms of heparin are discontinued. Hypothetical patients are initiated
on argatroban, bivalirudin or fondaparinux. The model assumes laboratory tests would be readily available after 2 days to confirm HIT diagnosis and continue treating patients
with nonheparin anticoagulants for a total of 6 days or exclude the diagnosis of HIT and stop nonheparin anticoagulant after 2 days. The model assumed 3 expected outcomes
while on nonheparin anticoagulant: HIT-related VTE, major bleeding, or no complication. The baseline rates of outcomes reported in studies and the calculated probabilities of
these outcomes can be seen in this figure. BR, baseline rate; P, probability; Ref, reference.

with conﬁrmed HIT than the 6 days reported in pivotal trials. This 9-day duration
accounts for a median of 4 days required for platelets to rise to .150 3 109/L and
an additional 5 days of overlapping with warfarin to reach a therapeutic
international normalized ratio (INR) goal as recommended by the American
College of Chest Physicians guideline for the treatment of HIT.2 The additional
analysis also assumed patients with conﬁrmed HIT would require 9 vials of
argatroban and 11 vials of bivalirudin over the 9 days. The model structure and
assumptions otherwise remained the same as in the primary analysis utilizing the
local costs estimates.
Lower incidence of HIT. Because of variations in the incidence of HIT
reported in different studies, we performed an additional sensitivity analysis

incorporating a lower incidence of HIT, speciﬁcally the 0.2% rate reported by
Smythe et al in 24 068 patients admitted to a large teaching hospital.47 The model
structure and assumptions otherwise remained the same as in the primary
analysis.
Variable adverse events rates. One-way sensitivity analysis on the
efﬁcacy side was implemented for argatroban and bivalirudin. The baseline
rate of adverse events for argatroban and bivalirudin were decreased to
deﬁne the point at which argatroban and bivalirudin would dominate
fondaparinux in terms of efﬁcacy. The model structure and assumptions
otherwise remained the same as in the primary analysis utilizing the local
costs estimates.
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Table 1. Cost of adverse events, laboratory tests, administration
time, and drug per patient
Item

Cost, $

Reference

Cost of VTE management per patient

31 878.18

43

Cost of major bleeding (GI) management per

14 183.33

44

Argatroban 2-d cost of administration

411.43

46

Argatroban 6-d cost of administration

2 178.98

46

Bivalirudin 2-d cost of administration

411.43

46

Bivalirudin 6-d cost of administration

2 178.98

46

Fondaparinux cost of administration

25.40

46

aPTT test

12.73

45

331.00

BUMC

patient

Argatroban (1 vial of 250 mg/2.5 mL)
Institutional cost
AWP

1 194.65

42

Bivalirudin (1 vial of 250 mg/5 mL)
Institutional cost

418.00

BUMC

AWP

753.07

42

32.72

BUMC

220.34

42

Fondaparinux (1 prefilled syringe of 7.5 mg)
Institutional cost
AWP
BUMC, Banner University Medical Center.

Results
Analysis using institutional cost estimates

Using institutional cost estimates, the total costs for fondaparinux,
argatroban, and bivalirudin treatment were $151, $1250, and $1466,
respectively (Table 2). Fondaparinux was more effective than both
argatroban and bivalirudin in terms of adverse events averted (0.9989
vs 0.9957 and 0.9947, respectively). Thus, fondaparinux prevailed over
argatroban and bivalirudin, as it was less expensive in managing
suspected HIT and more effective in terms of adverse events averted.
Compared with bivalirudin, argatroban was less expensive and more
effective in terms of adverse events averted. PSA results conﬁrmed the
base-case results, with fondaparinux being less expensive than both
agents in managing suspected HIT and associated with better adverse
events averted outcomes (Table 2; Figure 2A-C). One-way sensitivity
analysis showed that the cost of argatroban and bivalirudin would never
be lower than the cost of fondaparinux when the fondaparinux 7.5-mg
syringe cost is set at $32.72. Even if the argatroban and bivalirudin
prices declined to $10 while fondaparinux increased to $200,
fondaparinux would remain cost-effective based on current evidence.
Analysis using AWP cost estimates

Secondary analysis with AWP data conﬁrmed the primary analysis
with local data that fondaparinux prevailed over argatroban and
bivalirudin treatment, as it was less expensive in managing suspected
HIT ($555 vs $3081 and $2187, respectively) and more effective in

terms of adverse events averted (0.9989 vs 0.9957 and 0.9947,
respectively) (Table 2). Argatroban was more expensive than
bivalirudin but more effective in terms of adverse events averted. In
PSA, fondaparinux was less expensive than argatroban and bivalirudin
in managing suspected HIT and associated with better outcomes in
terms of adverse events averted. Also, argatroban was more expensive
but more effective in averting adverse events than bivalirudin (Table 2;
Figure 3A-C).
Additional sensitivity analyses

Longer duration of therapy. Applying institutional cost estimates,
the total costs of fondaparinux, argatroban, and bivalirudin were $164,
$1326, and $1562, respectively, assuming a 9-day treatment duration.
Consistent with the primary analysis, fondaparinux was more effective
in preventing adverse events compared with argatroban and bivalirudin
(adverse events averted, 0.9986 vs 0.9953 and 0.9946, respectively).
Employing AWP cost estimates also conﬁrmed the results of the
primary analysis, with fondaparinux prevailing over argatroban and
bivalirudin in terms of cost savings ($579, $3235, and $2324) and
adverse events averted (0.9986 vs 0.9953 and 0.9946), respectively.
Lower incidence of HIT. The results of the analysis incorporating lower incidence of HIT conﬁrmed the primary analysis
results with fondaparinux prevailing over both agents. The total costs
utilizing local cost estimates were $125 for fondaparinux, $1143 for
argatroban, and $1343 for bivalirudin, with fondaparinux also
prevailing in terms of adverse events averted over argatroban and
bivalirudin (0.9994 vs 0.9965 and 0.9947).
Variable adverse events rates. One-way sensitivity analysis
showed that argatroban and bivalirudin would prevail over fondaparinux only in terms of adverse events averted if the baseline rates of HITrelated VTE and major bleeding decreased by $75% for argatroban
(2.84% and 1.56%, respectively) and $80% for bivalirudin (0.91%
and 1.52%, respectively). For this analysis, fondaparinux baseline rates
of HIT-related VTE and major bleeding remain at 11.36% and 2.3%,
respectively. The incremental cost-effectiveness ratio (ICER) for
argatroban compared with fondaparinux would be $12 729 883, and the
ICER for bivalirudin compared with fondaparinux would be $13 005 514.
Even with substantial improvements in the efﬁcacy proﬁle of argatroban
and bivalirudin, our study indicates that fondaparinux would prevail in
terms of cost savings utilizing current local prices.

Discussion
We describe here in the ﬁrst pharmacoeconomic comparison from the
institutional perspective of argatroban, bivalirudin, and fondaparinux
for the management of suspected HIT. We found that fondaparinux
prevailed over argatroban and bivalirudin in all scenarios tested.
Fondaparinux was cost-effective compared with both of the other
treatment options, having a much lower cost when both institutional

Table 2. Cost-effectiveness analysis results using institutional costs and AWP
Institutional cost

AWP

Primary base-case analysis
Drug
Argatroban

PSA

Secondary base-case analysis

PSA

Cost, $

AEA

Cost, $

AEA

Cost, $

AEA

Cost, $

AEA

1250

0.9957

1186

0.9957

3081

0.9957

3017

0.9958

Bivalirudin

1466

0.9947

1400

0.9947

2187

0.9947

2121

0.9948

Fondaparinux

151

0.9989

151

0.9989

555

0.9989

555

0.9989

AEA, adverse event averted.
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samples were exclusively in
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indicates that argatroban is
more expensive, and less
effective
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-$2,000
-$3,000
-$4,000

Incremental adverse event averted

B

Argatroban Vs. Bivalirudin
Simulation samples were
mainly in the southeast
quadrant indicating that
argatroban is less expensive
and more effective

$4,000

Incremental cost

$3,000
$2,000
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-0.002

$0
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C

Bivalirudin Vs. Fondaparinux
Simulation samples were
exclusively in the northwest
quadrant, which indicates
that bivalirudin is more
expensive, and less effective

$4,000

Incremental cost
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$2,000
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-0.004
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$0
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-$3,000
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Figure 2. Probabilistic sensitivity analysis using institutional drug costs. Two thousand simulation samples were used to confirm analysis using institutional costs.
y-axis represents the incremental cost and x-axis represents incremental adverse event averted. Samples in north quadrants indicate more expensive drug, while samples in
south quadrants indicate more cost savings. East quadrants represent a higher rate of adverse events averted, and samples in west quadrants mean a lower rate of adverse
events averted. (A) Argatroban compared with fondaparinux. (B) Argatroban compared with bivalirudin. (C) Bivalirudin compared with fondaparinux.

and AWP costs were used. Using institutional costs, argatroban
outperformed bivalirudin in terms of cost savings and adverse events
averted; however, argatroban was more expensive while maintaining
a higher rate of adverse events averted using AWP. Further, the costeffectiveness advantage of fondaparinux was conﬁrmed in the additional
analyses incorporating longer duration of nonheparin anticoagulants

and lower incidence of HIT, suggesting the validity of our results
across a range of model assumptions. In fact, 1-way sensitivity analysis on the efﬁcacy side showed that the baseline rates of adverse
events associated with argatroban and bivalirudin need to improve by
at least 75% and 80%, respectively, for these agents to prevail over
fondaparinux in terms of adverse events averted. In keeping with
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Figure 3. Probabilistic sensitivity analysis using average wholesale prices. Two thousand simulation samples were used to confirm analysis using average wholesale
prices. y-axis represents the incremental cost, and x-axis represents incremental adverse event averted. Samples in north quadrants indicate more expensive drug, while
samples in south quadrants indicate more cost savings. East quadrants represent a higher rate of adverse events averted, and samples in west quadrants mean a lower rate
of adverse events averted. (A) Argatroban compared with fondaparinux. (B) Argatroban compared with bivalirudin. (C) Bivalirudin compared with fondaparinux.

common pharmacoeconomic practice, the ICER was not calculated in the primary analysis, since fondaparinux was the dominant
agent. Based on our results, fondaparinux provides an attractive
clinical and economic alternative to argatroban and bivalirudin,
affording large reductions in cost and the potential clinical beneﬁt of reduced adverse effects. Our data suggest that greater

consideration should be given to fondaparinux as a ﬁrst-line agent
for treatment of suspected HIT.
Our aim was to provide cost-effectiveness results using, in ﬁrst
instance, those determinants of costs that varied across clinical
scenarios and treatment options. Where not constant for each of the 3
agents, estimates could be supported with sources from published

From www.bloodjournal.org by guest on January 24, 2018. For personal use only.
BLOOD, 29 DECEMBER 2016 x VOLUME 128, NUMBER 26

literature and are inﬂuenced by local health care market and labor force
dynamics. Technically, in doing so, we disfavored from the onset
fondaparinux as the lowest cost agent over the 2 more expensive agents.
This enabled us to derive highly conservative estimates, but with the
caveat that our results may underestimate the cost-effectiveness of
fondaparinux over argatroban and bivalirudin if other cost determinants
were considered (an issue we address below). Additional strengths of
our study include the use of recent cost data and incorporating standard
clinical practices for HIT treatment and including the costs of dose
titration and laboratory monitoring.
Both argatroban and bivalirudin have relatively short half-lives and
are administered as continuous titratable infusions. The shorter halflives offer the advantage of a more rapid elimination of anticoagulant
effect in patients at risk of bleeding or requiring invasive procedures.
Argatroban may also provide an advantage over bivalirudin or
fondaparinux in the setting of dynamic renal function, since renal
adjustment is not required for this hepatically cleared compound.
Adjustment in the setting of hepatic dysfunction is recommended.39,48,49
Despite these advantages, argatroban and bivalirudin require IV
access, increased nursing labor, regular blood draws for therapeutic
monitoring, as well as pharmacy consultation for dosing and
compounding. Calculated dose adjustments also increase the risk
of dosing errors. In fact, frequent aPTT monitoring may result in
incorrect dose adjustments and may possibly worsen outcomes,
commonly known as “aPTT confounding.”50 Speciﬁcally, aPTT
can be confounded by coagulopathy either due to comorbidity
(eg, liver disease) or severe HIT itself. Potentially, this could lead
to underdosing of nonheparin anticoagulant and may explain the
failure of therapy to prevent thrombosis and amputation reported
in pivotal trials. For argatroban, transition to warfarin is more
challenging, since argatroban artiﬁcially increases the INR.14
Fondaparinux offers several clinical beneﬁts over the other 2 agents
studied. Its relatively simple administration reduces the indirect costs
incurred in preparing, administering, and monitoring use. Fondaparinux allows easy conversion to warfarin and administration as
outpatient treatment, which potentially reduces costs of inpatient
treatment even further. This is a prominent advantage, especially for
patients with persistent HIT, where platelets may take weeks to recover
and fondaparinux is the only drug studied that provides the option of
ongoing outpatient treatment of these patients. This advantage further
underscores the cost difference between fondaparinux and the other 2
agents. We chose not to account for indirect medical costs, which are
difﬁcult to quantify accurately and sensitive to local health care market
and labor force dynamics; for instance, nursing care related to ongoing
IV infusion with dose titration and institutional differences in laboratory
monitoring costs. Such indirect costs would not fundamentally alter, and
only expand, the already established signiﬁcant cost-effectiveness of
fondaparinux over the other agents. Institutions considering adopting
fondaparinux as a ﬁrst-line agent for the treatment of suspected HIT may
want to apply our estimates to their local costs.
Our results extend, from an economic point of view, the clinical
ﬁndings from recent retrospective clinical studies17 and expert
opinion3,18-20 that fondaparinux may be a safe and effective option
for the management of HIT. The largest trial to date comparing
argatroban and fondaparinux in the management of HIT was performed
by Kang et al as a retrospective study of nonheparin anticoagulant
therapy in 133 fondaparinux-treated patients propensity-matched to
60 patients administered danaparoid or argatroban. They found no statistically signiﬁcant differences in the rates of thrombosis and thrombosisrelated mortality (respectively, 16.5% vs 21.4%; P 5 .424) and bleeding
and bleeding-related mortality (resp., 21% vs 20%; P 5 .867) between
the 2 groups. The authors concluded that fondaparinux is noninferior
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to argatroban and danaparoid for management of suspected HIT.17
In a case series of 16 patients, Warkentin et al offered encouraging
ﬁndings when using fondaparinux in patients varying in renal
function.21
Although these results suggest that fondaparinux may be used safely
and effectively for suspected HIT, prospective head-to-head trials
are needed to conﬁdently evaluate the relative clinical beneﬁts of
fondaparinux vs FDA-approved therapies. The critical need for these
trials is underscored by the large potential cost savings afforded with
fondaparinux treatment. In an effort to error on the conservative side of
savings, many of our assumptions favored argatroban and bivalirudin
ab initio. We did not account for pharmacist time spent compounding
both agents; clinical pharmacist consult time for dosing, IV compatibility, and dose titration; establishing IV access and calculating dose
adjustments, IV bags, and tubing; whether new IV access was required
speciﬁcally for infusion; the true cost of aPTT and INR monitoring
throughout therapy; and the cost of drug waste, as these variables would
have further disfavored both agents. We assumed an abbreviated course
of therapy and a single aPTT based on an ideal scenario of readily
reaching the therapeutic range target, a rapid recovery of platelets to
.150 3 109/L, and quick transition to oral anticoagulant therapy.
However, clinical practice often requires frequent aPTT monitoring
while on argatroban or bivalirudin. A longer treatment duration of both
drugs is likely to result in even greater total costs compared with
fondaparinux. We did not assess patient satisfaction associated with any
therapy because there are no validated preference data available for
these anticoagulants. The use of general data on continuous IV therapy
vs daily injection therapy would be speculative. We also did not assess
the potential for earlier discharge while on fondaparinux, because this is
likely to be inﬂuenced by local practice. These are clinically important
factors; however, they would further disfavor argatroban and
bivalirudin in terms of cost-effectiveness.
Our study has limitations. The assumed rates of complications
associated with the use of anticoagulants were based on published
literature. This literature consists of relatively small trials with a range
of complications reported but constitutes the best available evidence for these complication rates.7,17,24,25,34,35 In clinical practice,
comorbidities and other patient-speciﬁc risk factors may result in
different risks of VTE or bleeding complications. In the absence of
a deﬁnite cost of a major bleeding episode, we used the cost of
managing GI bleeding as an estimated cost of major bleeding.
The relative lack of data evaluating amputation risk associated with
fondaparinux in HIT patients precluded our ability to include this
outcome. Furthermore, including amputation would disfavor argatroban signiﬁcantly more; whereas, excluding amputation is in line with
our aim to derive conservative estimates. Evaluating the all-cause
amputation cases reported in the argatroban pivotal trials, Haas et al
reported that 97.5% of amputation cases were diagnosed with ischemia/
gangrene before argatroban was initiated.33 Also, about 46% of
amputated patients were treated with warfarin prior to argatroban. Thus,
the risk of amputation attributable to argatroban may have been
overestimated in these trials. It should be noted that the results of this
study do not necessarily rule out that argatroban could worsen a case of
HIT especially if viewed in light of aPTT confounding.
Given the cost-effectiveness of fondaparinux, further evaluation of
fondaparinux as ﬁrst-line treatment of HIT over argatroban and
bivalirudin is warranted. Our study underscores the need for head-tohead comparisons between fondaparinux, argatroban, and bivalirudin,
which would provide valuable information to judge the place of
fondaparinux in HIT treatment. Fondaparinux should also be
considered in evaluations of new oral anticoagulants, which have an
emerging role in the management of HIT. The beneﬁts observed in
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our study are likely to persist despite patent expiration and cost
reduction due to generic competition for argatroban, considering the
substantial differences in current drug cost. On-demand rather than
batched-HIT testing has been proposed as a strategy to reduce time to
conﬁrmation of the diagnosis of HIT. Since assumptions are that 2
days for return of HIT antibody testing, on-demand HIT testing may
change the clinical picture of our assumptions; although, again, this
is unlikely to change fondaparinux’s cost-effectiveness.51
In conclusion, to our knowledge, this is the ﬁrst cost-effectiveness
analysis comparing treatment-dose fondaparinux, argatroban, and
bivalirudin for the management of suspected HIT. Considering the 3
agents’ efﬁcacy and safety proﬁles, the cost savings and adverse events
averted by a once-daily fondaparinux subcutaneous injection with
limited laboratory monitoring are more advantageous than continuous titration of argatroban or bivalirudin infusions. Our data
strongly suggest that, in the United States, fondaparinux is a costresponsible approach to the management of suspected heparininduced thrombocytopenia.

Acknowledgments
The authors thank James Camamo for his efforts in calculating AWP.
They also also thank anonymous reviewers for the suggestion to
include additional analyses with different HIT incidence rates and

durations of therapy, as well as sensitivity analyses on the efﬁcacy
side.
The authors thank the members of the postdoctoral fellowship
programs in (1) Clinical Research in Human Therapeutics and (2)
Health Outcomes, Effectiveness, and Economics Research at the
University of Arizona for their comments on this study; these
programs funded the work reported here. J.H.K. is supported by a
Futures Grant from the American College of Clinical Pharmacy
Research Institute (Lenexa, KS).

Authorship
Contribution: A.A., B.E., H.I.K., I.A., M.G., S.Y., and Y.H.
designed the study; A.A., H.I.K., I.A., and J.H.K. were responsible
for data abstraction; A.A., I.A., and M.G. were responsible for
economic modeling; A.A., I.A., J.H.K., Y.H. wrote the ﬁrst draft of
the manuscript; and A.A., B.E., H.I.K., I.A., J.H.K., M.G., S.Y., Y.H.,
and Y.R. reviewed the manuscript for scientiﬁc content.
Conﬂict-of-interest disclosure: The authors declare no competing
ﬁnancial interests.
Correspondence: Ivo Abraham, Center for Health Outcomes and
PharmacoEconomic Research, University of Arizona, Drachman
Hall B-306, 1295 N Martin, Tucson, AZ 85721; e-mail: abraham@
pharmacy.arizona.edu.

References
1. Wang TY, Honeycutt EF, Tapson VF, Moll S,
Granger CB, Ohman EM. Incidence of
thrombocytopenia among patients receiving
heparin venous thromboembolism prophylaxis.
Am J Med. 2012;125(12):1214-1221.
2. Linkins LA, Dans AL, Moores LK, et al.
Treatment and prevention of heparin-induced
thrombocytopenia: Antithrombotic Therapy and
Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141(2
suppl):e495S-e530S.
3. Greinacher A. Heparin-induced
thrombocytopenia. N Engl J Med. 2015;373(3):
252-261.
4. Warkentin TE. Heparin-induced
thrombocytopenia: pathogenesis and
management. Br J Haematol. 2003;121(4):
535-555.
5. Argatroban [package insert]. Research Triangle
Park, NC: GlaxoSmithKline; May 2016. Accessed
October 3, 2016.
6. Bivalirudin [package insert]. The Medicines
Company. Parsippany, NJ 07054; March 2016.
Accessed October 3, 2016.
7. Joseph L, Casanegra AI, Dhariwal M, et al.
Bivalirudin for the treatment of patients with
confirmed or suspected heparin-induced
thrombocytopenia. J Thromb Haemost. 2014;
12(7):1044-1053.
8. Vo QA, Lin JK, Tong LM. Efficacy and safety
of argatroban and bivalirudin in patients with
suspected heparin-induced thrombocytopenia.
Ann Pharmacother. 2015;49(2):178-184.
9. Skrupky LP, Smith JR, Deal EN, et al.
Comparison of bivalirudin and argatroban for the
management of heparin-induced
thrombocytopenia. Pharmacotherapy. 2010;
30(12):1229-1238.
10. Kiser TH, Burch JC, Klem PM, Hassell KL. Safety,
efficacy, and dosing requirements of bivalirudin in

patients with heparin-induced thrombocytopenia.
Pharmacotherapy. 2008;28(9):1115-1124.
11. Dang CH, Durkalski VL, Nappi JM. Evaluation of
treatment with direct thrombin inhibitors in
patients with heparin-induced thrombocytopenia.
Pharmacotherapy. 2006;26(4):461-468.
12. Tsu LV, Dager WE. Bivalirudin dosing
adjustments for reduced renal function with or
without hemodialysis in the management of
heparin-induced thrombocytopenia. Ann
Pharmacother. 2011;45(10):1185-1192.
13. Runyan CL, Cabral KP, Riker RR, et al.
Correlation of bivalirudin dose with creatinine
clearance during treatment of heparin-induced
thrombocytopenia. Pharmacotherapy. 2011;
31(9):850-856.
14. Kelton JG, Arnold DM, Bates SM. Nonheparin
anticoagulants for heparin-induced
thrombocytopenia. N Engl J Med. 2013;368(8):
737-744.

20. Warkentin TE, Greinacher A. Management of
heparin-induced thrombocytopenia. Curr Opin
Hematol. 2016;23(5):462-470.
21. Warkentin TE, Pai M, Sheppard JI, Schulman S,
Spyropoulos AC, Eikelboom JW. Fondaparinux
treatment of acute heparin-induced
thrombocytopenia confirmed by the serotoninrelease assay: a 30-month, 16-patient case
series. J Thromb Haemost. 2011;9(12):
2389-2396.
22. Lobo B, Finch C, Howard A, Minhas S.
Fondaparinux for the treatment of patients with
acute heparin-induced thrombocytopenia.
Thromb Haemost. 2008;99(1):208-214.
23. Grouzi E, Kyriakou E, Panagou I, Spiliotopoulou I.
Fondaparinux for the treatment of acute heparininduced thrombocytopenia: a single-center
experience. Clin Appl Thromb Hemost. 2010;
16(6):663-667.

15. Warkentin TE, Anderson JA. How I treat patients
with a history of heparin-induced
thrombocytopenia. Blood. 2016;128(3):348-359.

24. Lewis BE, Wallis DE, Berkowitz SD, et al; ARG911 Study Investigators. Argatroban
anticoagulant therapy in patients with heparininduced thrombocytopenia. Circulation. 2001;
103(14):1838-1843.

16. Snodgrass MN, Shields J, Rai H. Efficacy and
safety of fondaparinux in patients with suspected
heparin-induced thrombocytopenia [published
online ahead of print May 13, 2016]. Clin Appl
Thromb Hemost.

25. Lewis BE, Wallis DE, Leya F, Hursting MJ, Kelton
JG; Argatroban-915 Investigators. Argatroban
anticoagulation in patients with heparin-induced
thrombocytopenia. Arch Intern Med. 2003;
163(15):1849-1856.

17. Kang M, Alahmadi M, Sawh S, Kovacs MJ, LazoLangner A. Fondaparinux for the treatment of
suspected heparin-induced thrombocytopenia: a
propensity score-matched study. Blood. 2015;
125(6):924-929.

26. Warkentin TE, Greinacher A, Gruel Y, Aster RH,
Chong BH; scientific and standardization
committee of the international society on
thrombosis and haemostasis. Laboratory testing
for heparin-induced thrombocytopenia: a
conceptual framework and implications for
diagnosis. J Thromb Haemost. 2011;9(12):
2498-2500.

18. Warkentin TE. How I diagnose and manage HIT.
Hematology Am Soc Hematol Educ Program.
2011;2011:143-149.
19. Lee GM, Arepally GM. Diagnosis and
management of heparin-induced
thrombocytopenia. Hematol Oncol Clin North Am.
2013;27(3):541-563.

27. Gharaibeh M, McBride A, Bootman JL, Abraham
I. Economic evaluation for the UK of nabpaclitaxel plus gemcitabine in the treatment of
metastatic pancreas cancer. Br J Cancer. 2015;
112(8):1301-1305.

From www.bloodjournal.org by guest on January 24, 2018. For personal use only.
BLOOD, 29 DECEMBER 2016 x VOLUME 128, NUMBER 26

COST-EFFECTIVENESS OF HIT ANTICOAGULANTS

28. Chan CM, Woods CJ, Warkentin TE, Sheppard
JA, Shorr AF. The role for optical density in
heparin-induced thrombocytopenia: a cohort
study. Chest. 2015;148(1):55-61.

36. Bureau of Labor Statistics. CPI inflation
calculator. http://www.bls.gov/data/
inflation_calculator.htm. Accessed October 3,
2016.

29. Cuker A, Gimotty PA, Crowther MA, Warkentin
TE. Predictive value of the 4Ts scoring system for
heparin-induced thrombocytopenia: a systematic
review and meta-analysis. Blood. 2012;120(20):
4160-4167.

37. Rice L, Hursting MJ, Baillie GM, McCollum DA.
Argatroban anticoagulation in obese versus
nonobese patients: implications for treating
heparin-induced thrombocytopenia. J Clin
Pharmacol. 2007;47(8):1028-1034.

30. Linkins LA, Bates SM, Lee AY, Heddle NM, Wang
G, Warkentin TE. Combination of 4Ts score and
PF4/H-PaGIA for diagnosis and management of
heparin-induced thrombocytopenia: prospective
cohort study. Blood. 2015;126(5):597-603.

38. Kodityal S, Nguyen PH, Kodityal A, Sherer J,
Hursting MJ, Rice L. Argatroban for suspected
heparin-induced thrombocytopenia: contemporary
experience at a large teaching hospital.
J Intensive Care Med. 2006;21(2):86-92.

31. Warkentin TE, Arnold DM, Nazi I, Kelton JG. The
platelet serotonin-release assay. Am J Hematol.
2015;90(6):564-572.

39. Beiderlinden M, Treschan TA, Görlinger K, Peters
J. Argatroban anticoagulation in critically ill
patients. Ann Pharmacother. 2007;41(5):749-754.

32. Hursting MJ, Verme-Gibboney CN. Risk factors
for major bleeding in patients with heparininduced thrombocytopenia treated with
argatroban: a retrospective study. J Cardiovasc
Pharmacol. 2008;52(6):561-566.

40. Badger NO. Fondaparinux (Arixtra(R)), a safe
alternative for the treatment of patients with
heparin-induced thrombocytopenia? J Pharm
Pract. 2010;23(3):235-238.

33. Haas S, Lewis B. Identifying patientand treatment-related factors related to
amputation risk in cases of heparin-induced
thrombocytopenia treated with argatroban.
Int Angiol. 2011;30(6):541-546.
34. Büller HR, Davidson BL, Decousus H, et al;
Matisse Investigators. Subcutaneous
fondaparinux versus intravenous unfractionated
heparin in the initial treatment of pulmonary
embolism. N Engl J Med. 2003;349(18):
1695-1702.
35. Büller HR, Davidson BL, Decousus H, et al;
Matisse Investigators. Fondaparinux or
enoxaparin for the initial treatment of symptomatic
deep venous thrombosis: a randomized trial. Ann
Intern Med. 2004;140(11):867-873.

41. Walpole SC, Prieto-Merino D, Edwards P, Cleland
J, Stevens G, Roberts I. The weight of nations: an
estimation of adult human biomass. BMC Public
Health. 2012;12:439-2458-12-439.
42. Truven Health Analytics I. Red book online [database
online]. Available at: http://www.micromedexsolutions.
com/micromedex2/librarian/CS/E7B8FF/
ND_PR/evidencexpert/ND_P/evidencexpert/
DUPLICATIONSHIELDSYNC/53CB53/ND_PG/
evidencexpert/ND_B/evidencexpert/ND_AppProduct/
evidencexpert/ND_T/evidencexpert/PFActionId/
redbook.FindRedBook?navitem=topRedBook&
isToolPage=true. Accessed 3 October 2016.
43. Spyropoulos AC, Lin J. Direct medical costs of
venous thromboembolism and subsequent
hospital readmission rates: an administrative
claims analysis from 30 managed care

3051

organizations. J Manag Care Pharm. 2007;13(6):
475-486.
44. Cryer BL, Wilcox CM, Henk HJ, Zlateva G, Chen
L, Zarotsky V. The economics of upper
gastrointestinal bleeding in a US managed-care
setting: a retrospective, claims-based analysis.
J Med Econ. 2010;13(1):70-77.
45. Pilsczek FH, Rifkin WD, Walerstein S. Overuse of
prothrombin and partial thromboplastin
coagulation tests in medical inpatients. Heart
Lung. 2005;34(6):402-405.
46. Centers for Disease Control and Prevention. 2013
Medicare physician fee schedule. Updated 2013.
https://www.cms.gov/apps/physician-feeschedule/license-agreement.aspx. Accessed
October 3, 2016.
47. Smythe MA, Koerber JM, Mattson JC. The
incidence of recognized heparin-induced
thrombocytopenia in a large, tertiary care teaching
hospital. Chest. 2007;131(6):1644-1649.
48. Williamson DR, Boulanger I, Tardif M, Albert M,
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