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Abstract
Objectives: Considering the previously published incidences of heparin-induced thrombocytopenia
(HIT) in patients receiving a thromboprophylactic therapy, the role of the hemostasis laboratory is es-
sential in making a clinical decision. The purpose of this project was to compare the strategies of
diagnosis and associated care of patients with suspected HIT after elective hip replacement using
platelet aggregation assay, carbon 14-serotonin release, and “doing nothing.”
Methods: The authors used an incremental cost-effectiveness analysis based on data extracted from the
literature. The effectiveness of the strategies was represented by the number of deep venous thromboses
prevented. Cost data were collected from the observation of biological and medical practice at Edouard
Herriot University Hospital, Lyon, France, in 1999.
Results: In comparison with the strategies of doing nothing using no biological test for diagnosis, and
clinical care of HIT-suspected patients, the strategy using platelet aggregation test was more expensive
and less effective. With respect to the strategy using carbon 14-serotonin release assay, the incremental
cost-effectiveness ratio, expressed as U.S. dollars per deep venous thrombosis prevented, reached
$200,000, with a marginal effectiveness of eight deep venous thromboses prevented for 10,000 HIT-
suspected patients.
Conclusion: This study suggests that clinical hemostasis laboratories might consider replacing the
platelet aggregation test with the carbon 14-serotonin release assay or should use another functional
assay such as the flow cytometric assay for the diagnosis and care of patients with suspected HIT.
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Heparin-induced thrombocytopenia (HIT) is a side effect of heparin therapy. In contrast
to other drug-associated thrombocytopenias, the most frequently observed complication is
not hemorrhage but thrombosis. Thomboses are mediated by an antigen–antibody complex
that causes platelet activation in the presence of heparin, referred to as heparin-dependent
antibody. The antigenic target of the antibody is a multimolecular complex formed by
platelet factor 4 and heparin, which subsequently binds to the Fcγ RII platelet receptor (1).
These antibodies are heterogeneous since platelet activation was shown in the presence of
antiheparin–platelet factor 4 antibodies and heparin, as well as the result of the contact
with a superactive heparin–platelet factor 4 antibody that does not require the presence of
heparin (14). The presence of the antibody detected by an enzyme-linked immunosorbent
assay (ELISA) is not predictive of either heparin-induced thrombocytopenia or throm-
boembolic complication (26;41). The functional methods used for the identification of
heparin-dependent antiplatelet antibodies have been designed to detect platelet activation.
Danaparoid sodium (Orgaran�, Organon, Inc., West Orange, NJ) can also be tested with the
functional methods. This anticoagulant is licensed in France as a prophylactic antithrom-
botic drug in the absence of cross-reactivity. For these reasons, this study focuses on the
cost-effectiveness analysis of functional tests. The platelet aggregation test (PAT) (6) and the
carbon 14-labeled serotonin release assay (SRA) (36) are the two main functional methods to
detect heparin-dependent antibodies, with PAT being more commonly used than SRA (28)
and heparin-induced platelet activation assay (17). Although the prevalence of HIT was
found to be equal to or less than 1% in patients receiving low-molecular-weight heparin
(LMWH) (29), dramatic venous and arterial thrombotic complications have been reported
in cases of HIT (29;45). In addition, in a period of budget constraints, we cannot ignore
the substantial cost associated with diagnosis and clinical care of patients with deep venous
thrombosis (26,153 French francs [FF] or US $4,000; French national cost scale, 1999).
For these medical and economical reasons, hemostasis laboratories are essential for helping
the medical decision in patients with suspected HIT. The objective of this study was to
compare the strategy of diagnosis and associated care of HIT-suspected patients using PAT,
SRA, and doing nothing, using a cost-effectiveness analysis.

METHODS

The method used is an incremental cost-effectiveness analysis with a decision model using
Bayesian logic (Figure 1) (31;32). We used the decision analysis software DATATM 3.0
(TreeAge Software, Inc., Williamstown, MA) to create a decision tree.

Construction of the Cost-effectiveness Model

At the origin of the decision tree is a patient with an isolated thrombocytopenia at day 5
of LMWH treatment after elective hip replacement. The assumptions of our model are
as follows: a) the clinician’s strategy depends on the functional laboratory test results;
b) if the test is positive, the clinician replaces LMWH by danaparoid sodium in case of
absence of cross reactivity; c) the clinician suspends the anticoagulant therapy in case of
danaparoid sodium cross-reactivity; d) as venous thrombotic events predominated over
arterial thrombotic events by a ratio of 4 :1 (45), the thrombotic risk is mainly represented
by deep venous thrombosis; and e) in case of danaparoid sodium cross-reactivity, the risk
of thrombotic event is similar to that of LMWH treatment (16).

In 1,000 patients with suspected HIT, our model computes the number of patients who
may develop a deep venous thrombosis. Thus, the effectiveness of the strategy is represented
by the number of deep venous thromboses prevented.

The parameters used in the analysis are shown in Table 1. The sensitivity and the speci-
ficity of the laboratory tests were estimated by Chong et al. (6). These authors emphasized the

556 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 18:3, 2002

https://doi.org/10.1017/S0266462302000399 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462302000399


Assessment of heparin-induced thrombocytopenia

F
ig

u
re

1.
D

ec
is

io
n

tr
ee

co
m

pa
rin

g
th

e
st

ra
te

gi
es

of
ca

re
of

pa
tie

nt
s

w
ith

su
sp

ec
te

d
H

IT
ba

se
d

on
la

bo
ra

to
ry

H
IT

di
ag

no
st

ic
te

st
s

to
th

e
st

ra
te

gy
of

do
in

g
no

th
in

g.
P

T
H

=
to

ta
lh

ip
re

pl
ac

em
en

t;
PA

T
=

pl
at

el
et

ag
gr

eg
at

io
n

te
st

;S
R

A
=

se
ro

to
ni

n
re

le
as

e
as

sa
y;

H
IT

=
he

pa
rin

-in
du

ce
d

th
ro

m
bo

cy
to

pe
ni

a;
P

1
=

H
IT

pr
ev

al
en

ce
;S

e
te

st
=

te
st

se
ns

iti
vi

ty
;S

p
te

st
=

te
st

sp
ec

ifi
ci

ty
;P

2
=

pr
ob

ab
ili

ty
of

cr
os

s-
re

ac
tiv

ity
w

ith
da

na
pa

ro
id

;R
1

=
re

si
du

al
th

ro
m

bo
tic

ris
k

w
ith

LM
W

H
tr

ea
tm

en
t;

R
2

=
th

ro
m

bo
tic

ris
k

in
th

e
ab

se
nc

e
of

tr
ea

tm
en

t;
R

3
=

th
ro

m
bo

tic
ris

k
w

ith
H

IT
re

sp
on

si
bl

e
tr

ea
tm

en
t;

te
st

P
O

S
=

po
si

tiv
e

te
st

re
su

lt;
te

st
N

E
G

=
ne

ga
tiv

e
te

st
re

su
lt;

�
=

de
ci

si
on

no
de

w
ith

ch
oi

ce
;�

=
ch

an
ce

no
de

;
=

te
rm

in
al

no
de

;
=

de
ci

si
on

no
de

.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 18:3, 2002 557

https://doi.org/10.1017/S0266462302000399 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462302000399


Sobas et al.

Table 1. Data Source Used in the Analysis

Mean Range Study by reference no.

Sensitivity of platelet aggregation test (%) 60 39–81 6
Sensitivity of serotonin release assay (%) 80 65–94 6
Specificity of platelet aggregation test (%) 91 82–100 6
Specificity of serotonin release assay (%) 97 94–100 6
Thrombotic risk in the absence of 50 46–55 2;3;11;13;15;16;18;19;20;

treatment (%) 25;27;30;33;35;37;42
Residual thrombotic risk with LMWH 16 13–19 2;3;11;13;15;16;18;19;20;

treatment (%) 25;27;30;33;35;37;42
Thrombotic risk with HIT responsible 70 52–89 9;46

treatment (%)
Probability of cross-reactivity with 14 10–19 7;8;22;43

danaparoid sodium (%)
HIT prevalence with LMWH treatment (%) 0.5 0–1 29

importance of the platelet reactivity among normal donors as assessed by functional labora-
tory tests. The estimates of the risk of deep venous thrombosis after elective hip replacement
came from the LMWH clinical trials (2;3;11;13;15;16;18;19;20;25;27;30;33;35;37;42). The
postoperative thrombotic risk in the absence of LMWH treatment was considered to be the
number of deep venous thromboses in the control groups of these trials. When a preven-
tive treatment with LMWH was given, the postoperative thrombotic risk was considered to
be the number of deep venous thromboses in patients who received LMWH. The risk of
thrombosis in case of suspected HIT when thromboprophylactic treatment was not stopped
has been the subject of several reports (45). In a heterogeneous population, 52% of patients
with biologically confirmed HIT developed thrombosis (45). Among a high risk population
of patients admitted for elective hip replacement, 89% with confirmed HIT had a throm-
botic complication (46). These studies demonstrated that the frequency of thromboembolic
events may vary dramatically compared with the baseline risk of thrombosis in the patients’
group (5).

The frequency of HIT in patients who received LMWH is equal to or less than 1% (29).
The frequency of danaparoid sodium cross-reactivity has been the subject of several reports
(Table 1) (7;8;22;43).

Sensitivity Analysis

The variables in our decision analysis model were analyzed over a range of values using
a process known as sensitivity analysis. This was done for determining the stability of our
results and to evaluate the effects of uncertainty on the values that were assigned to these
variables. The clinical decision analysis is based on the thrombotic risk and on both the
sensitivity and the specificity of the laboratory tests. We used a Tornado diagram (DATA 3.0)
to select the parameters for the sensitivity analysis. The Tornado diagram classifies the
variables according to their aptitude to modify the strategy score.

Cost Variables

Costs were assessed in the hospital perspective (12). The average costs of one test per
patient, preventive danaparoid sodium treatment, and clinical care for patients with deep
venous thrombosis were calculated. The cost of one test per patient consists of the addition
of the reagent costs, the laboratory technician workload (number of hours per diagnostic
test per patient × 1 hour laboratory technician working cost) and equipment cost (annual
depreciation cost + annual maintenance cost). At our institution, 100 tests are realized
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per year. The mortgage on the equipment is paid off in 7 years and there is no maintenance
contract (annual depreciation cost = market equipment price /7).

The laboratory technician salary ranges from 6,000 to 24,000 FF monthly (US 1,000
to $4,000) (national collective agreement of French medical analysis laboratory). We used
in our analysis an average monthly technician salary of 15,000 FF (US $2,500).

The estimation of danaparoid sodium preventive treatment cost depends on the average
treatment duration, the number of danaparoid sodium vials administered, and the market
price of danaparoid sodium.

We estimated the cost of care for a patient with deep venous thrombosis according to
the Diagnosis-Related Group (DRG) in French hospitals (or GHM in French). A number of
synthetic activity index (ISA) points are assigned to each GHM. The value of each GHM
is fixed by the median cost of hospitalization of each GHM in a French national hospital
setting. An ISA point was equal to FF 13.7 at our institution in 1999.

We assigned to each terminal node of the decision tree the cost of each decision way
for 1,000 patients with suspected HIT. Then our decision model calculated the expected
cost of each strategy.

The incremental cost-effectiveness ratio (CE) was calculated as follows:

CE = �C/�E = (Ct − Co)/(Et − Eo),

with Ct = the expected cost of a strategy using a biological test, Co = the expected cost of
the strategy of doing nothing, Et = the effectiveness of a strategy using a biological test,
and Eo = the effectiveness of the strategy of doing nothing.

RESULTS

The expected effectiveness of PAT, SRA, and doing nothing were 835.5, 838, and 837.2,
respectively, of deep venous thrombosis prevented per 1,000 patients with suspected HIT.
All the costs were evaluated according to the references of 1999. From the hospital per-
spective, the overall cost of care for a patient with a deep venous thrombosis was 26,153 FF
(US $4,358) (GHM 185 on the French medical cost scale). The cost of using a pre-
ventive treatment with danaparoid sodium was 3,750 FF ($625). The manufacturer that
produces both aggregometers and β-radioactivity counters (Bekman Coulter) does not
recommend a maintenance contract for the aggregometer. The price of an aggregometer
or a β-radioactivity counter was 150,000 FF ($25,000). The costs per patient of PAT and
SRA were 315 and 820 FF ($52 and $136), respectively. The expected costs of the strat-
egy using PAT, SRA, and doing nothing were 4,957,011, 5,195,826, and 4,255,093 FF
($826,168, $865,971, and $709,182), respectively, for 1,000 HIT-suspected patients. The
strategy using PAT is less effective and more expensive than the strategy of doing nothing,
with the latter being a priori clinically unacceptable. In comparison with doing nothing,
the incremental cost-effectiveness of the strategy using SRA per deep venous thrombosis
prevented was 1,175,916 FF ($195,986) (Table 2).

DISCUSSION

The present analysis was based on data extracted from the international literature that were
used to perform a local analysis. However, within the variation range of our variables, the
sensitivity analysis demonstrated the robustness of our results. To confirm the validity of
our results, we estimated the effects of uncertainty on the values that were assigned to
each variable. The univariate sensitivity analysis on each variable demonstrated that the
strategy ranking was not invalidated by variations in the residual thrombotic risk, the
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Table 2. Cost Components of the Three Strategies of Our Model

Strategy using Strategy using Strategy
the platelet the serotonin of doing

aggregation test release assay nothing

Number of deep venous thrombosis per 164.5 162 162.8
1,000 patients with suspected HIT

Expected effectiveness = number of 835.5 838 837.2
deep venous thrombosis prevented per
1,000 patients with suspected HIT

Reagent costs per patient (c1) (FF 1999) 5 10
Cost of laboratory technician work per 96 96

patient (c2) (FF 1999)
Analyzer market price (FF 1999) 150,000 150,000
Annual depreciation cost (FF 1999) 21,430 21,430
Annual maintenance contract cost 0 50,000

(FF 1999)
Equipment working cost (FF 1999) (c3) 214 714
Cost of one test per patient = c1 + c2 + 315 820

c3 (French Francs 1999)
Strategy expected cost for 1,000 patients 4,957,011 5,195,826 4,255,093

with suspected HIT (FF 1999)
Incremental CE per deep venous Not done: strategy 1,175,916

thrombosis prevented (FF 1999) dominated by strategy
of doing nothing

thrombotic risk in the absence of treatment, the thrombotic risk with HIT induced by treat-
ment, the danaparoid sodium cross-reactivity probability, or the PAT sensitivity. The three
first variables that would invalidate our results were the PAT specificity, the HIT prevalence,
and the residual thrombotic risk (Figure 2).

We have not examined the role of the antigen assay (ELISA) in this study because
ELISA is not a functional assay. So, with ELISA, it is impossible to test the cross-reactivity
of Orgaran�, which is required in case of drug substitution because of HIT suspicion.

The strategy using PAT was more effective than the strategy of doing nothing when
PAT specificity was greater than 0.95 (Figure 3). However, in the last study assessing PAT,
the specificity was 0.77 despite a high degree of technique expertise (34). The lack of
specificity when using PAT, wrongly inducing a discontinuation of heparin prophylaxis and
a subsequent thrombotic event by cessation of heparin treatment, is responsible for the lack
of effectiveness of the strategy using this test. This is why, without treatment, the thrombotic
risk indirectly affects the strategy ranking (44).

The strategy of doing nothing was more effective than the strategy using SRA when the
HIT prevalence was less than 0.3% (Figure 3). The sensitivity analysis showed the effect of
HIT prevalence on the incremental CE ratio. Indeed, when the strategies of doing nothing
and SRA were compared, the SRA incremental cost-effectiveness per deep venous thrombo-
sis prevented varied from 836,125 to 1,581,885 FF (US $139,354 to $263,647) (Table 3). In
the study of Warkentin et al. (46), no patient developed HIT after LMWH treatment. At our
institution, we diagnose approximately 5 HIT per 100 HIT-suspected patients with throm-
bocytopenia after LMWH treatment. The diagnosis of HIT is retrospectively confirmed
because platelet count recovers when LMWH is discontinuated. The HIT prevalence with
LMWH treatment is less than 1% but not equal to zero. Despite some uncertainty about
HIT prevalence, our results may be considered valid and demonstrate the interest of SRA.

When a clinical laboratory is asked to test danaparoid sodium because of a positive
result obtained with the initial treatment, the use of the test is redundant. The result of
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Figure 2. Tornado diagram ranking the different variables of our model according to their
capacity of inducing strategy score variations. R1 = residual thrombotic risk with LMWH
treatment; SpPAT = platelet aggregation test specificity; P1 = HIT prevalence with LMWH
treatment; R2 = thrombotic risk in the absence of treatment; R3 = thrombotic risk with
HIT responsible treatment; SePAT = platelet aggregation test sensitivity; P2 = probability
of cross-reactivity with danaparoid sodium; SpSRA = serotonin release assay specificity;
SeSRA = serotonin release assay sensitivity.

Figure 3. Univariate sensitivity analysis on platelet aggregation test specificity (SpPAT) and
HIT prevalence (p1) �= PAT; � = SRA; � = doing nothing.

a danaparoid sodium test depends on the result of the first test realized with the initial
treatment. If HIT is present, the selection operated by the first positive test brings to the next
test a subgroup of patients among whom the probability of a positive test with danaparoid
sodium is high. This suggests that the sensitivity of the second test can be overestimated.
In the same subgroup of patients, the false-positive patients will reduce the specificity of
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Table 3. Sensitivity Analysis on the Incremental CE Ratio (French Francs, 1999) of the
Strategy Using the Serotonin Release Assay in Comparison with the Strategy of Doing
Nothing

Effectiveness differential Cost differential Incremental CE ratio
HIT prevalence with between the SRA between the SRA strategy in comparison with
LMWH treatment strategy and the strategy and the strategy the strategy
(%) of doing nothing of doing nothing of doing nothing

0.3 0.6 949,131 1,581,885
0.5 0.8 940,733 1,175,916
1 1.1 919,738 836,125

the functional method used to test danaparoid sodium. However, our results remained valid
because the sequential use of the tests was restricted (40).

In our study, the effectiveness of the strategy is determined by the number of deep
venous thromboses prevented for 1,000 patients with suspected HIT. However, other clinical
complications of HIT have been described (5). Though venous thrombosis is the most
frequent complication, arterial thrombosis has also been associated with HIT (4). A strategy
using a test lacking specificity is disadvantaged because it induces a discontinuation of
treatment, which is more pejorative for the patient considering the potential outcomes.
Arterial thrombosis is more pejorative from both a medical (23) and economical viewpoint
than deep venous thrombosis (French medical cost scale, version 5, 1999). Thus, integration
of arterial thrombosis in a similar model would confirm and even reinforce the validity of
our results.

The incremental CE per deep venous thrombosis prevented varied from 836,125 to
1,581,885 FF. We have compared this ratio to those of other prevention programs to estimate
the medico-economical acceptability of the strategy using SRA (10). We can evaluate this
medico-economical acceptability by comparing the respective CE ratio with the number
of affected patients. From a medico-economical point of view, a program with a high CE
ratio is as acceptable as a program with a low CE ratio if the number of affected patients
is proportionally lower. As an example, we compared the strategy using a combination of
a transaminase assay and tests for antibodies to hepatitis B core antigen and antibodies
to hepatitis C virus versus an approach using only a transaminase assay and a test for
antibodies to hepatitis B core antigen. The incremental CE was 14,256 FF (US $2,376) per
additional infected donor detected in the transfusion centers (10). Even though the strategy
using SRA is expensive with regard to the strategy of doing nothing, it is nevertheless the
most acceptable figure considering the potential side effects related to HIT. In other words,
when the pretest probability, e.g., the HIT prevalence, is high or low because of a high or
low suspicion of HIT, the CE ratio may vary by twice as much (Table 3).

The cost induced by the care of patients with deep venous thrombosis represents the
greatest part of the direct costs in patients with HIT. Treating 1,000 HIT-suspected patients
without laboratory tests costs 4,255,093 FF (US $709,182). Thus, a sensitivity analysis
performed on range values of laboratory reagents, equipment, and staff costs would induce
insignificant variations of our results and would not invalidate these results.

Considering the trend to reduce the use of radioactive products, it is commonly con-
sidered that the effectiveness differential between SRA and PAT is too weak to promote
SRA in the hospital. Recently, the functional flow cytometric assay (FCA) was shown to
be valuable in HIT diagnosis (38). The sensitivity and the specificity of this assay were
reported to be 0.95 and 1, respectively. In the two comparative studies, Pouplard et al. (34)
and Tomer (38) did not use the same gold standard. There is some uncertainty about the
possibility of comparing clinical scoring of with suspected HIT patients in studies that
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assessed the HIT diagnosis tests (34;38). Nevertheless, we consider this new functional
method promising because of its capacity to detect the discrete platelet activation states.
Tomer et al. (39) found three patients with suspected HIT who were positive by FCA but
negative by SRA. For the authors, the fact that the dense granule release requires a stronger
stimulus than that required for the release of α-granule constituents could represent a plau-
sible explanation for this discrepancy (39). Moreover, the detection of platelet activation
marker P selectin (CD62p) by FCA could distinguish HIT from HIT with thrombosis (21).
For clinical hemostasis laboratories, the FCA that does not require radioactive products is
more practical than SRA, and would represent an attractive alternative test for HIT diagno-
sis. Like SRA in our model, the FCA might have a positive medical impact and could offer
a significant informative value.

POLICY IMPLICATIONS

Hemostasis laboratories should consider replacing the PAT by the SRA in patients with
a high risk of thrombosis who are being treated by LMWH. Other tests such as the flow
cytometric assay also should be evaluated since they may have a positive medico-economical
impact on public health.
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