CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Impact of the patient population on the risk for heparin-induced thrombocytopenia
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The frequency of immune heparin-induced
thrombocytopenia (HIT) varies among pro-
spective studies. It is unknown whether this
is caused by differences in the heparin
preparations, the patient populations, or the
types of serologic assay used to confirm the
diagnosis. Seven hundred forty-four pa-
tients were studied from 3 different clinical
treatment settings, as follows: unfraction-
ated heparin (UFH) during or after cardiac
surgery (n = 100), UFH after orthopedic sur-
gery (n =205), and low-molecular-weight
heparin (LMWH) after orthopedic surgery
(n = 439). Both an activation assay and an
antigen assay were used to detect heparin-

dependent IgG (HIT-IgG) antibodies. By acti-
vation assay, the frequency of HIT-IgG forma-
tion ranged from a low of 3.2% in orthopedic
patients receiving LMWH to a high of 20% in
cardiac patients receiving UFH; by antigen
assay, the corresponding frequencies
ranged from 7.5% to 50%. Both UFH use

(P =.002) and cardiac surgery (P = .01)were

more likely to be associated with HIT-IgG
formation. However, among patients in
whom HIT-IgG formed and who were admin-
istered UFH, the probability for HIT was
higher among orthopedic patients than
among cardiac patients (by activation as-
say: 52.6% compared with 5%; odds ratio,

21.1[95% Cl, 2.2-962.8]; P = .001; by antigen
assay: 34.5% compared with 2.0%; odds

ratio, 25.8 [95% CI, 3.2-1141]; P < .001). Itis

concluded that there is an unexpected disso-

ciation between the frequency of HIT-IgG
formation and the risk for HIT that is depen-
dent on the patient population. HIT-IgG anti-
bodies are more likely to form in patients

who undergo cardiac surgery than in ortho-

pedic patients, but among patients in whom

antibodies do form, orthopedic patients are

more likely to develop HIT. (Blood. 2000;96:
1703-1708)
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Introduction
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Heparin-induced thrombocytopenia (HIT) is an adverse drugely studied patients. These patientswerefrom3differentc|inica§‘
reaction caused by heparin-dependent IgG (HIT-IgG) antibodigeatment settings: cardiac surgery patients receiving unfractior’g
that activate platelefs3 The target antigen consists of multimolecu-ated heparin (UFH), orthopedic surgery patients receiving UFH%—r
lar complexes of platelet factor 4 and hepériiThe frequency of and orthopedic surgery patients receiving low-molecular-weighg
HIT varies considerably, as cited by prospective stutifeShe heparin (LMWH). The results of this study indicate that there is ar§
reasons for these variations are unknown but could be relatedugexpected dissociation between the formation of HIT-IgG and thg,
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tors, or even different laboratory techniques used to detect tA@Pulation dependent.
antibodies responsible for HIT.
Two general types of laboratory assay are used to confirm the
diagnosis. Activation assays, such as the platelet serotonin release.. .
assay, detect HIT-IgG on the basis of their ability to activatgséetlems’ materials, and methods
plateletst’-1* Antigen assays, such as a solid-phase immunoassgytient populations

detect the binding of antibodies to immobilized platelet factor ) - ) . .
4—heparin complexés’:1415 Despite the increasing use of thes Patients in 1 of 3 clinical treatment settings were studied prospectivel
p ) hey were grouped as follows: orthopedic surgery patients receiving UF

assays, few studies have compared their clinical usefuInessfdppostoperaﬁve prophylaxis (orthopedic—UFH groups 205): orthope-
diagnosing HIT. Those studi¥s®'® comparing activation and gic surgery patients receiving LMWH for postoperative prophylaxis &
antigen assays typically have been limited to investigating patigoithopedic-LMWH group, r= 439); and cardiac surgery patients receiv- ?c’,
samples that were referred with the clinical suspicion of HIT (higimg UFH both at cardiopulmonary bypass and for postoperative antithromg
pretest probability). However, such an approach does not allow thiic prophylaxis (cardiac-UFH group,n 100). Patients underwent daily 3
determination of test specificity. Furthermore, systematic serolodi@€let count monitoring while receiving heparin. _ S
studies of patients receiving heparin (low pretest probability) have T.he orthoped'C_UFH group Cons"c.‘ted.Of agroup Of. 205 patients who"

e o received porcine mucosal UFH (Calciparine; Laboratoires Anglo-French,
generally been too small to evaluate sensitivity. In addition, the

- ) . . B%rval, Quebec, Canada), 7500 IU every 12 hours by subcutaneous
studies have generally focused on single patient populations. jnjection for up to 14 days or discharge. These patients had participated in a

In this report, we describe the results of laboratory testing f@indomized clinical trial of UFH versus LMWH given for antithrombotic
HIT-IgG using both activation and antigen assays in 744 prospegephylaxis after hip arthroplasty surgery (study A). Primary trial results
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and a related study of HIT using only the platelé-labeled serotonin- Definitions

release assay have been repo€d.In the current study, the patients’ ) . .
Y P Y P We defined possible HIT as a 50% or greater fall in the platelet count from

plasma samples were studied using the antigen assay as well. )
The orthopedic-LMWH group (s 439) consisted of patients from 2 the postoperative peak that occurred between days 5 to ?.4 after surgery,
; ) ) . . unless another cause for the thrombocytopenia was readily apparent (eg,
studies who received LMWH for antithrombotic prophylaxis after orthope- - B ; - A
. . . . ~ cylture-positive septicemia) or the platelet count recovered during contin-
dic surgery. The first group (study A) consisted of 182 patients who receive

LMWH in- L - Rhee-Poul R M | b ded heparin treatment. This definition of thrombocytopenia has the best
(enoxaparin; Lovenox; -Poulenc Rorer, Montreal, Que €C.correlation with the formation of HIT-Ig& and is appropriate for a

Canfe\da), 30 mg every 12_ hours by subcutangqus inje(_:tion for Pp to14 q%%toperative patient population in whom thrombocytosis commonly
or discharge. These patients had also participated in the trial described, ;s petween postoperative days 5 to 14. Heparin-induced thrombocyto-
previously:°19The second orthopedic-LMWH group (study B) consistedienia (HIT) was defined when a patient with possible HIT also had positive

of 257 patients who received postoperative LMWH prophylaxis aftegsyits of at least one laboratory assay for HIT-IgG (by activation or antigen
orthopedic surgery (hip arthroplasty=n105; knee arthroplasty, # 152).  gssay, or both).

These patients received 1 of 3 LMWH preparations based on the current

hospital practice at the time of participation in the study—enoxapartiomparison of activation and antigen assays

(Lovenox; RRme-Poulenc Rorer), 30 mg twice daily by subcutaneous ) ) -

injection, n= 70; tinzaparin (Innohep; Leo, Ajax, Ontario, Canada), 300@eca_use both Q|agnost|c assays are quantitative measurements, we used
U twice daily by subcutaneous injection,=n2; or dalteparin (Fragmin; receiver operating characteristic (ROC) curve analysis to compare thg

Pharmacia, Mississanga, Ontario, Canada), 3000 U twice daily by subcutgnSitivity—specificity tradeoff at various diagnostic cutoff points definingg
neous injection, n= 185. For orthopedic patients, heparin administratioff€9ative and positive test results. Sensitivity of each assay was defined gs

was usually started on the first postoperative day and continued uﬁﬂ? proportion (in percentage) giving a positive test result among the;

. . . e s . =}
discharge or full mobilization. Although 3 different LMWH preparationspat'ems_ W't_h possible HIT. Spef;lflcﬂy of egch assay was defined as _thg
were used, we made an a priori decision to analyze all the data as ygportion (in percentage) of patients who did not meet the study def|n|t|0t_§_=
orthopedicLLMWH group or possible HIT and who tested negative for the assay under consideratiof.

The third patient population consisted of a cardiac—UFH group co he ROC curve gnaly5|s was performt_ad only for the orthopedlc_ patlen_tg
) . ) ; cause this patient group had a relatively large number of patients wit§
prised of 100 patients undergoing elective valve replacement surgery . b ; ) A 5

. . _possible HIT and additional patients with subclinical HIT-IgG seroconver-g
aortic valve replacement, 29 mitral valve replacement, 2 both). Porc|sF0 n (see “Results”) =

mucosal heparin (Hepalean; Organon Teknika, Scarborough, Ontario, Our standard antigen assay uses a 1:50 dilution of test serum or plasrr%.

Canac_ia), 400 U/kg, was given before cardiopulmor?ary bypass; a_‘ddi,tio%linvestigate whether greater sample dilution would improve the sensitivi§
heparin was given by bolus as needed to achieve and maintain b@ S

u

) ° ’ ) ) ﬂspecificity tradeoff of the antigen assay, we also performed the assay
intraoperative whole blood activated clotting time of more than 40| sing the following sample dilutions: 1/50, 1/75, 1/100, 1/150, 1/250,2
seconds. These patients also received subcutaneous heparin (porgjggo, 1/750, 1/1000, 1/2500, and 1/5000. After these preliminary studie&
mucosal heparin; Heparin; Leo), 5000 IU every 8 hours by subcutaneqyg systematically studied the orthopedic patient samples that tested
injection, until they were adequately anticoagulated with warfarin Qositive in the antigen assay (at 1/50), at the following additional dilutions:3
mobilized. Antiplatelet drugs such as aspirin were not routinely given to thig100, 1/250, 1/500, and 1/750. The data obtained were used to calculag
patient population undergoing valve replacement surgery. ROC curves. Thus, we investigated whether there might be a greatey
These studies were approved by the Institutional Review Board, afikelihood that blood samples from patients with subclinical HIT-IgG §
patients gave their informed consent. Laboratory testing for HIT-IgG wadsrmation would test negative on further sample dilution than bloodg
performed after the patients had been discharged from the hospital, ancsamples from patients with possible HIT. In other words, could they
results were used to influence clinical decisions. sensitivity—specificity tradeoff be improved on sample dilution? If so, there3
would be the potential for greater diagnostic specificity for the antigeng

assay, without significant loss of sensitivity, if the antigen assay wag

Activation assay performed at a higher dilution.

All 744 patients were tested with the platelet serotonin release assay, as )
described:12 using heat-inactivated citrated plasma or serum stored gfatistical analysis

—70°C before testing. Using a predetermined algorithm, samples We&EBmparisons of proportions between groups were performed using t
considered positive if all the following criteria were met: (1) 20% or greatetjsher exact te<t An associated method developed by @antas used for
serotonin release at 0.1 U/mL heparin; (2) at least 50% inhibition of platelgmputing confidence intervals around the odds ratio. We performe
activation by both an Fc receptor-blocking monoclonal antibody (1V.3) andgistic regression analygisto determine the impact of either heparin
a high concentration of heparin (100 U/mL); (3) appropriate activatiopreparation (UFH compared with LMWH) and the type of patient
profiles observed with 3 positive controls (including 2 “weak” sera, iepopulation (cardiac compared with orthopedic patients) with respect to the
giving 20%-50% serotonin release) and one negative control serum.  frequency of HIT-IgG formation and the proportion of antibody-positive
patients in whom possible HIT developed. Analyses were performed
separately for activation and antigen test results. All qudeedalues
were 2-sided.
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Antigen assay

Patient plasma and serum samples were also evaluated using a platelet

factor 4—heparin enzyme immunoassay, as previously descfileedept

that an alkaline phosphatase-conjugated goat antibody specific for hunResults

1gG (Fc) replaced the conjugated goat antibody for human IgG (heavy and

light chain-specific). By measuring IgG antibodies only, we facilitateffrequency of possible heparin-induced thrombocytopenia

comparison with the activation assay, which detects platelet activation . . . o
through 1gG antibodie3One hundred samples from healthy blood donorgIghteen of the 744 prospectively studied patients had a 50% or

were assayed, and the upper limit of the normal range of optical densgyeater decrease in platelet count that began between postoperative
(OD) was established as the mear8 SD (OD= 0.45). Each assay days 5 and 14. Fifteen of these patients met the criteria for possible
included pooled negative controls (GD0.2), high-negative control pool HIT (Table 1). All 15 patients who were identified as possibly
(0.2< OD < 0.45), known negative control, known positive control (D having HIT also tested positive for HIT-IgG using both the
1.5), and weak positive control (0.450D < 1.5). activation and the antigen assays. The frequency of HIT was
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Table 1. Relationship of the patient population and type of heparin on frequency of HIT-IgG antibody formation and risk for developing HIT

Frequency of HIT-IgG-positive patients with
Frequency of HIT antibody positivity (95% CI) HIT (95% ClI)

Patient population, type of heparin Frequency of

(mean = SD duration of heparin [d]) Activation assay* Antigen assay* HIT (95% ClI)T Activation assayt Antigen assay+
Cardiac-UFH, n = 100 20/100 50/100 1/100 1/20 1/50
(5.1x22) 20.0% (12.7-29.2) 50.0% (39.8-60.2) 1.0% (0.03-5.5) 5.0% (0.1-24.9) 2.0% (0.12-10.7)
Orthopedic-UFH, n = 205 19/205 29/205 10/205 10/19 10/29
(9.2 x22) 9.3% (5.7-14.1) 14.1% (9.7-19.7) 4.9% (2.4-8.8) 52.6% (28.9-75.6) 34.5% (17.9-54.3)
Orthopedic-LMWH, n = 439 14/439 33/439 4/439 4/14 4/33
(9.5 3.0 3.2% (1.8-5.3) 7.5% (5.2-10.4) 0.9% (0.3-2.3) 28.6% (8.4-58.1) 12.1% (3.4-28.2)
Pvalues

Cardiac vs Orthopedic .01 <.001 71 .01 .004
UFH vs LMWH .002 .009 .015 19 .048

The 15 patients with clinical HIT all tested positive by antigen and activation assays. Logistic regression analysis was used to compare 2 variables, patient population
(cardiac compared with orthopedic patients) and heparin preparation (UFH compared with LMWH), with respect to 2 outcome measures—the frequency of patients testing
positive for HIT-IgG antibodies and the proportion of antibody-positive patients in whom thrombocytopenia developed. Among the orthopedic patients who received LMWH,
there was no significant difference in the frequency of HIT-IgG formation, or in the frequency of possible HIT among patients who received the different LMWH preparations
(data not shown).

*Fractions indicate the number of patients with positive HIT-IgG test results (by the assay indicated) out of the patient population tested.

tFractions indicate the number of patients with HIT out of the patient population tested.

FFractions indicate the number of patients with HIT out of those who tested positive for HIT-IgG antibodies by the assay indicated.
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highest (4.9%) in the orthopedic—UFH patients and was relativet the time of heart surgery, the cardiac patients received very higﬁ
low in both the orthopedic—-LMWH patients (0.9%) and theloses of heparin. After surgery, both the cardiac and the orthopedic
cardiac-UFH patients (1%). One or more thrombotic evenfmtients who received UFH were given the same dose (15 000 U/d%.
occurred in 9 (60%) of these 15 patients; 7 patients had venoMshough orthopedic patients received UFH for a greater duratiorg
thromboembolism, 1 patient had unilateral adrenal hemorrhagi@an cardiac patients (92 2.2 vs 5.1+ 2.2 days;P < .001), the
infarction, and 1 patient had arterial thrombosis. duration of heparin exposure was not the major reason for thg
Three patients whose platelet counts fell by 50% or motdgher frequency of HIT in orthopedic patients. For example,§
between postoperative days 5 to 14 did not meet the criteria famong patients in whom HIT-IgG formed and was detectable by#
possible HIT. Thrombocytopenia developed in association withoth assays and who received UFH for 5 or more days, there was‘f@
colon perforation and septicemia in two orthopedic patients, oigeeater likelihood of the onset of platelet count decrease by day 5 iﬁ
treated with UFH and one treated with LMWH. Both died. Inthe orthopedic patients than in the cardiac patients (5 of 1%
both patients, however, platelet counts recovered during contcempared with 0 of 152 = .053). A similar trend was noted when &
ued heparin use. A third patient had a 59% decrease in platetted analysis was restricted to patients who received heparin for &
count in association with pulmonary embolism, but full plateleleast 6 days: 0 of 8 patients in the cardiac group had a platelet cout
count recovery during treatment with therapeutic-dose UF#ecrease indicative of possible HIT, whereas 7 of 19 orthoped@
occurred. All 3 patients tested negative for HIT-IgG by activapatients had a platelet count decrease by dap & (068). This &
tion and antigen assays. suggests that orthopedic patients are at greater risk for HIT fo§
reasons other than longer duration of UFH use. Indeed, the cardigt
surgery patient in whom HIT developed (postoperative day 7;
Figure 1 summarizes the results of the laboratory assays ftmplicated by unilateral adrenal necrosis) received UFH onlg
HIT-IgG among the 3 patient treatment groups studied. With botHntil the second day after surgery.
anti_g_erl and activation assays, we.c_)bserved the highest antipoglxé-gnostic usefulness of laboratory assays for
pos_|t|V|ty rate (by conventional p_osmve cutoff) among the cardlgﬁeparm_mduced thrombocytopenia
patients (50% and 20%, respectively), followed by the orthopedic—
UFH (14.1% and 9.3%) and the orthopedic—LMWH patients (7.5%igure 1 shows that most patients with HIT (indicated by arrows)§
and 3.2%). By logistic regression analysis (Table 1), we found thiaad strong positive test results for HIT-IgG using either assay: more
2 variables were associated with a higher frequency of HIT-Igtan 90% serotonin release (activation assay) and greater than 1.0
formation: cardiac surgery and use of UFH. OD (antigen assay). Figure 2 compares these 2 assays by sensitivity—
We observed dissociation between the frequency of HIT-Ig&pecificity tradeoff analysis (ROC curve analysis) at various cutoff
formation and the risk of HIT that was patient population depempoints between positive and negative results for the orthopedic
dent. Among patients in whom antibodies formed, HIT was morgatients. Because activation and antigen assays were positive at
likely to develop in orthopedic patients than in cardiac patientieir conventional cutoff points (more than 20% serotonin release
(Table 1). Among patients who tested positive by the activaticand greater than 0.45 OD, respectively) for all 15 patients with
assay and who received UFH, HIT developed in 52.6% gossible HIT identified in the prospective studies, the sensitivity of
orthopedic patients but only 5% of cardiac surgery patients (oddach assay for HIT was high (100%). However, because the antigen
ratio, 21.1 [95% Cl, 2.2 to 962.8F = .001). Among patients who assay was more likely to be positive in patients in whom HIT did
tested positive by antigen assay and who received UFH, HHbt develop, the activation assay had superior operating character-
developed in 34.5% of orthopedic patients and only 2.0% ddtics (ie, greater diagnostic specificity) over all values of the
cardiac surgery patients (odds ratio, 25.8 [95% ClI, 3.2 to 1144iagnostic cutoff between positive and negative tests. The activa-
P <.001). tion assay remained superior even when the antigen assay was
We investigated the duration of heparin treatment as a reagmerformed at greater dilutions. For orthopedic patients, test specific-
fewer patients with HIT-IgG in the cardiac group had possible HITty (at the conventional cutoff points) for the activation and antigen

nous|

/€0.

Frequency of HIT-IgG antibody formation

0Z aunp gQ Uo 1sal



1706 ~ WARKENTIN et al

=)
(o]
£ N 3
8 . R
o b
%‘ }:J ® L ® \8 o )
23 BN
M =
5 8 o
=
£3 01 ;
3 1 Orthopedic
= ] unfractionated heparin
g o Study A
— 001 f—e—re——— . 7
<20% I20 40 80 80 100
B Activation assay (percent '*C-serotonin release)
& 10 |
(o] |
= )
= o
8] o t
> § . o ° . 7’}“"
m =
E .__1‘_ o] & [s]
€ B
o8 S
E=a ] Orthopedic
<o low-molecular-weight heparin
z o Study A
5 Y
S R T T - -
[ <20% oo 40 60 80 100
C Activation assay (percent ¢ serotonin release)
— 10 -
[=]
(a]
- N
g_ A:A &
% _g 14 A & &%
n £ & s a K 2 A
. = - i s
© —_
58
28
2 e 0.14
< @ ¥ 2020 sesem e
[ a | Cardiac
%_ unfractionated heparin
e i a Study C
L oo . . :
[ <20%  |ag 40 60 80 100

Activation assay (percent *C-serotonin release)

Figure 1. Comparison of activation and antigen assays for HIT-IgG antibodies

in patients who have undergone cardiac and orthopedic surgery. Quantitative
results of activation and antigen tests for HIT-IgG are shown for 3 clinical treatment
settings: orthopedic—UFH (A), orthopedic—-LMWH (B), and cardiac—UFH (C). Results
are shown for all 744 patients. All antigen assay data are given quantitatively. For the
activation assay results, samples that gave less than 20% serotonin release are as
shown without reference to the actual quantitative result obtained (see box desig-
nated < 20%); quantitative data are given when the percentage serotonin release
was 20% or more. Arrows indicate the data points corresponding to the 15 patients
with HIT identified in these prospective studies.

assays was 97% and 92%, respectively. For cardiac patients, the
corresponding specificities were only 81% and 51% because
possible HIT developed in fewer cardiac surgery patients, even

though HIT-IgG antibodies formed in more.

Discussion

Immune HIT continues to be one of the most important IgG-mediata

BLOOD, 1 SEPTEMBER 2000 - VOLUME 96, NUMBER 5

antibody-induced activation of platelets in a heparin-dependent fash-
ion-13 and the other detects HIT-IgG that recognize immobilized
platelet factor 4-heparin antigén!415

Despite these recent insights into the pathogenesis of HIT, there
remain important unresolved issues. For example, it is unknown
why the frequency of HIT differs among patients in prospective
studies?® Explanations include differences in risk for forming, and
clinical effects arising from, HIT-IgG antibodies that are patient
population dependent. Differences in the diagnostic significance
between the 2 different tests for HIT-IgG could also explain
differences between studies. For these reasons, we performed both
activation and antigen assays on blood samples from 744 patients
studied prospectively for HIT who were treated either with UFH or
LMWH, after either cardiac or orthopedic surgery.

The results of this study indicate a patient population-D
dependent dissociation between the risk for HIT-IgG formationg
and the risk for HIT among patients in whom antibodies formed.§
The highest frequency of HIT-IgG formation occurred after
cardiac surgery: 50% of these patients had antibodies detect@d
by antigen assay, and 20% had antibodies detected by activatign
assay. However, the clinical syndrome of HIT was uncommon iry
this group. In contrast, only 14.1% and 9.3%, respectively, offé}
patients who received UFH after orthopedic surgery had HITS
IgG detected by antigen and activation assay. Yet this was th%”i
patient population in whom HIT was most likely to develop. 5
Fewer orthopedic patients developed antibodies (7.5% ang
3.2%, respectively) when treated with LMWH. Logistic regres-
sion analysis showed that patient population and type of hepar
preparation determined antibody formation (Table 1).

Although cardiac surgery patients had the highest frequency a§
antibody formation, among those patients who developed antibodZ
ies, the orthopedic patients were about 20 times more likely (b@'
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Figure 2. Comparison of activation and antigen assays for HIT by receiver
operating characteristics (ROC) curve analysis. For the orthopedic patients, the
activation and antigen assays are compared at various cutoff points between
negative and positive results. Activation assay (SRA, serotonin release assay, thick
solid line). Although the sensitivity-specificity trade-off analysis was performed at 5%
increments of serotonin release, the data points for cutoff 20% or more, 50% or more,
nd 90% or more serotonin release are shown. Antigen assay (EIA, enzyme
unoassay, thin solid line indicating standard dilution of blood sample ¥so; thin

drug reactions that physicians must manage. The association betvgan lines indicating higher dilutions [1/100, 1/250, 1/500, 1/750], as indicated).
anticoagulant-induced platelet count decrease and unexpected artéifighgh the sensitivity-specificity trade-off analysis was performed at 0.1-0D
and venous thrombosis represents a paradox of considerable clidfgéﬁme"ts’ the data points for cutoff of 0.5 or more, 1.0 or more, and 2.0 or more are
X i X . shown. The ROC curve analysis suggests that both the activation and the antigen
interest. Another confounding factor is the unusual composition of th&ays are highly informative for diagnosing HIT in this patient population. For
target antigen of the disorder, which is a stoichiometrically definedmparison, the inset shows the full-scale ROC curve analysis for both activation and
complex between a native platelet protein, platelet factor 4, aFﬁtjconventlonal 1/50 dilution) a_nt|gen assays t_oggtherwnha(theoretl«?al) nonmform_a—

a7 . . . . . . tive assay (shown as dashed line). The data indicate that the operating characteris-
hepa”rﬁ Antibodies agamSt this antlgenlc complex can be deteCtﬁ of the antigen assay are not improved by performing the assay using a greater

using either of 2 classes of assay. One type measures the HIT-lgGion of patient serum/plasma.
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odds ratio) to have HIT. Other investigators have also shown higlssay may be better able than the antigen assay to getboigenic
frequencies of antibody formation in cardiac surgery patiensntibodies with potent platelet-activating properties. Indeed, prelimi-
without associated thrombocytopeRfzin 2 of these studie¥,?> nary HIT antibody purification studies by Pouplard éf aliggest
postoperative heparin prophylaxis was not given, so the risk firat only a relatively small subset of anti-PF4—heparin antibodies
HIT might have been reduced. In the third stdigo thrombocyte has a potent platelet-activating profifelf activation assays are
penia occurred among 16 patients receiving postoperative UMBidtter able to detect clinically significant HIT antibodies, the
who had positive antigen assay. Because these studies did sittation would appear to parallel somewhat that of laboratory
include large comparative patient populations, it was not possiliesting for the antiphospholipid antibody syndrome: a biologic
to determine whether there were population-dependent differenessay (the nonspecific lupus inhibitor) has greater specificity for
in HIT risk. thrombosis than the antigen assay (anticardiolipin antiboéies).
Our study was not designed to determine the explanation fOur data also suggest that the patient population influences the
patient population-dependent differences in frequency and cliniagiagnostic significance of HIT-1gG test results. For either activation
significance of HIT-IgG formation. Reasons for the high frequenayr antigen assay, a positive result in an orthopedic patient may be
of antibody formation among cardiac patients could include highore specific for clinical HIT.
doses of intraoperative heparin or the release of platelet factor 4 The current study indicates that HIT is a more complicatedD
from platelets during contact between blood and the cardiopulm®yndrome than might be expected for a drug-induced, immuneg
nary bypass apparaflig® together these could increase the risk fomediated thrombocytopenic disorder. There exist patient populatiori‘L
antibody formation. Alternatively, various proinflammatory factorslependent differences in risk for HIT-IgG formation and in the&
associated with orthopedic surgery could influence the pathogertisrombocytopenic potential of antibodies. There also exist differf;
ity of antibodies in this patient populatidhAspirin use could not ences in the diagnostic usefulness of the 2 different classes @‘
have accounted for the differences because the cardiac surgesgays to detect these antibodies. The complex nature of thgs
population underwent valve replacement surgery and was routinslypndrome may relate to the compound nature of the responsmE
given anticoagulant rather than antiplatelet drugs. antigen, in which both drug and autologous protein concentratlon%
We observed that activation and antigen assays are veguld vary in different clinical settings.

O
sensitive for HIT. However, the antigen assay was more likely to g
detect antibodies that did not cause thrombocytopenia, ie, the §
diagnostic specificity for clinical HIT was lower. In addition, theAcknowledgments %
operating characteristics of the antigen assay did notimprove when 2
performed using samples tested at a greater dilution (Figure ®e thank Jean I. Russett and Judith Johnson for organizing th‘:g
This finding, plus the observation that most patients with possibiellection of plasma samples in these patients, Carol A. Smith fog
HIT had antibodies that caused strong platelet activation (serotométhnical assistance with some of the assays, and Prof Rob#

release greater than 90%; see Figure 1), suggests that the activaoherts for assistance in the statistical analysis. S
3
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