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Summary
Background—Laboratory testing for heparin-induced thrombocytopenia (HIT) includes the highly
sensitive, though less specific, heparin/platelet factor 4 (PF4) ELISA. A confirmatory test with excess
heparin is routinely performed on positive ELISA results to improve test specificity; the significance
of a negative confirmatory result is unknown.

Objectives—1. Evaluate the clinical utility of the PF4 ELISA confirmatory assay. 2. Examine the
relationship between ELISA OD value and clinical diagnosis of HIT. 3. Assess current practice at a
tertiary care medical center regarding patients with anti-heparin/PF4 antibodies.

Patients/Methods—Patients with anti-heparin/PF4 antibodies detected by commercial ELISA
during 2005 were identified. A confirmatory test was performed on positive ELISA results. Patients
were labeled confirmatory positive (confirm+) or confirmatory negative (confirm-). Patients were
classified as HIT+ (met criteria for HIT), HIT? (HIT possible), and HIT- (did not meet criteria for
HIT) utilizing ACCP guidelines.

Results—115 patients with anti-heparin/PF4 antibodies were identified. 98 patients were confirm
+; 17 were confirm-. The majority of confirm+ patients were HIT+ or HIT?(72%); the majority of
confirm- patients were HIT-(81%). Patients who were HIT+/confirm+ had higher ELISA OD values
than patients who were HIT?/confirm+ or HIT-/confirm+ (p=0.031, p=0.001). Two confirm- patients
were HIT+, one was HIT?; all had high ELISA OD values.

Conclusions—Although confirm+ status correlated with clinical HIT, the confirmatory procedure
misclassified some patients by yielding a confirm- result despite clinical HIT with high ELISA OD
values. Future studies should compare higher ELISA OD values with the confirmatory procedure as
strategies to improve ELISA diagnostic specificity for HIT.

Introduction
Heparin-induced thrombocytopenia (HIT) is a clinicopathologic syndrome of immune-
mediated thrombocytopenia associated with an increased thrombotic risk in patients exposed
to heparin [1]. Diagnosis requires that patients fulfill certain clinical criteria as well as
demonstrate the presence of platelet activating antibodies induced by heparin interaction with
platelet factor 4 (PF4). Clinical criteria for HIT include thrombocytopenia that develops
typically after 5-10 days of heparin exposure, in the absence of other, predominant causes of
thrombocytopenia, with or without thrombosis [2,3]. Thrombotic complications have been
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reported to develop in up to 20 to 50% of patients with HIT, and can be life-threatening events
[4], necessitating swift and accurate diagnosis of this disorder.

Laboratory testing for antibodies to heparin/PF4 complexes includes the commercially
available enzyme-linked immunoabsorbent assay (ELISA) which detects IgG, IgA, and IgM
antibodies. At Duke University Medical Center, over 1,000 heparin/PF4 ELISA tests are
performed annually. This test is very sensitive to the presence of anti-heparin/PF4 antibodies
(greater than 97%) [5], but it is less specific for the clinical syndrome of HIT (74% in post-
operative orthopedic patients), and is limited by the fact that it can detect non-pathologic
antibodies [6,7]. This is particularly a problem in patients undergoing cardiac bypass surgery,
a patient population in which antibodies to heparin/PF4 appear to frequently develop in the
absence of clinical manifestations of HIT, resulting in a much lower specificity of the ELISA
for the syndrome [8]. A strategy recommended by the manufacturer to improve specificity of
the heparin/PF4 ELISA is the confirmatory procedure, whereby inhibition of a positive ELISA
result by 50% or more in the presence of excess heparin is considered confirmatory of heparin-
dependent antibodies. The significance of a negative confirmatory result is unknown, however,
and there are data that suggests in the post-cardiac bypass surgery setting, the confirmatory
result does not improve the diagnostic specificity of the heparin/PF4 ELISA [9].

Our primary objective in performing this study was to evaluate whether the heparin/PF4 ELISA
confirmatory test is of clinical utility in determining which patients with anti-heparin/PF4
antibodies have HIT. We also sought to determine if higher anti-heparin/PF4 antibody optical
density (OD) values correlate with a clinical diagnosis of HIT, as previous single-institution
studies have found an association between higher OD values and diagnosis of HIT [7,10].
Lastly, we sought to assess current practice at a tertiary care medical center related to patients
with heparin/PF4 antibodies, investigating diagnostic criteria for HIT, therapeutic
interventions, and clinical outcomes in these patients.

Patients and methods
This retrospective study was approved by the Institutional Review Board at Duke University
Medical Center. A coagulation laboratory database was utilized to identify patients who tested
positive for anti-heparin/PF4 antibodies by commercial ELISA (GTI Inc., Brookfield, WI,
USA) during a single year, using a threshold OD measurement of 0.40. A confirmatory step
was performed on all positive ELISA results per manufacturer guidelines, with a positive
confirmatory result defined as >50% decrease in absorbance in the presence of added heparin.
Testing for anti-heparin/PF4 antibodies was performed at the discretion of each patient's
treating physician. The PF4 ELISA and confirmatory test were performed simultaneously to
avoid delays in getting positive results back to the clinicians managing the patients. The
confirmatory test was only reported if the PF4 ELISA test was positive. For patients who had
more than one PF4 ELISA test performed, the confirmatory test result of the initial positive
PF4 ELISA (OD ≥ 0.4) designated the patient as confirm+ or confirm-, and the maximal OD
of the positive test results was utilized for data analysis.

All Duke University Medical Center records were reviewed from the patient's hospitalization
and for up to a 30-day period following an initial positive assay including review of outpatient
notes when available, but patients were not contacted. Data collected for each patient included:
age, race, medical service, dates of platelet count decline, platelet count nadir, platelet count
increase and normalization, dates of anti-heparin/PF4 antibody testing, anti-heparin/PF4
antibody values, dates and types of heparin administration, dates and types of thromboembolic
events, whether or not the patient was evaluated by the hematology consult service, whether
or not a diagnosis of HIT was stated in the medical chart, whether or not the patient received
a direct thrombin inhibitor (DTI) or fondaparinux, the type of DTI utilized, major bleeding
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events (considered major if required transfusion of one or more units of packed red blood cells),
patient death and cause of death, and anticoagulation upon hospital discharge.

All venous thrombotic events documented in patient records were confirmed by review of
radiographic reports. Arterial thrombotic events, including stroke and MI, were documented
radiographically (MRI, CT or cardiac catheterization reports) but also included intra-operative
assessment of bowel infarction, autopsy findings, and several cases of digital or limb ischemia
based upon physical examination performed by vascular surgeons.

Data Analysis
Patients with positive anti-heparin/PF4 antibodies were sub-divided into confirmatory positive
(confirm+) and confirmatory negative (confirm-) groups for analysis. Extensive chart review
was undertaken to classify patients clinically as: (1) positive for HIT (HIT+), (2) possible HIT
(HIT?), and (3) negative for HIT (HIT-). To be HIT+, patients had to meet the following clinical
criteria, consistent with American College of Chest Physicians (ACCP) guidelines for
diagnosis of HIT: (1) thrombocytopenia defined as at least a 30-50% decline in the platelet
count, with platelet count increase upon heparin cessation, (2) timing of platelet count fall
between 4 and 14 days after heparin exposure or within 24 to 48 hours if recent (within last
100 days) heparin exposure, and (3) lack of other, predominant causes of thrombocytopenia.
For patients after cardiac bypass surgery, a platelet count drop of 50% or more from the highest
post-operative value occurring between postoperative days 4-14 or persisting for six or more
days after surgery was considered consistent with a diagnosis of HIT [2,11,12]. Patients who
met all three criteria but who had no clinical evidence for thromboembolism were referred to
as isolated HIT; those who sustained a thromboembolic complication were referred to as having
HIT with thrombosis (HITT). A diagnosis of HIT? occurred when patients developed
thrombocytopenia in the setting of heparin exposure with the correct timing, with or without
thrombosis, but had other, possible alternative diagnoses to explain a decrease in platelet count.
The chart reviews were systematically carried out using the diagnostic criteria above by the
first and second authors. The senior author independently reviewed all clinical assessments
(HIT+, HIT?, HIT-), and confirmed the assignment of patients into these categories. Since all
of the patients had positive heparin/PF4 ELISA results, the authors were not blinded to assay
results.

Statistical analysis
Fisher's exact test was used to evaluate categorical data for statistical significance. The Mann-
Whitney test was used to evaluate differences in the anti-heparin/PF4 antibody levels between
the confirm+/HIT+ patients and the other confirm+ groups (HIT? and HIT-) and the confirm-
patients as a group (since this was a smaller group). The Mann-Whitney test was used to
evaluate differences in the platelet count nadirs between the same groups of patients, and to
evaluate differences in the continuous variables between the confirm+ and confirm- patients.
A p-value of <0.05 was considered statistically significant.

Results
Patients with elevated anti-heparin/PF4 antibody levels

Retrospective analysis from 2005 revealed that a total of 1,194 heparin/PF4 ELISA tests were
performed, and of these, 244 were positive (20%), representing 115 unique patients with
positive test results (many patients had the test ordered more than once). Of these 115 patients,
98 were confirm+ and 17 were confirm-. Only two patients with more than one test performed
had discordant confirmatory assay results, and both of these were included in the confirm+
group. There was a wide distribution of patients across medical and surgical services, with
about half of the patients in both confirm+ and confirm- groups being on medical services and
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the other half being on surgical services (Table 1). Among medical patients, 17 confirm+
patients (17%) and 4 confirm- patients (24%) were on cardiology services. Among surgical
patients, 35 confirm+ patients (36%) and 4 confirm- patients (24%) were from the
cardiothoracic surgery service. Only one patient with anti-heparin/PF4 antibodies was from
the orthopedic surgery service, in the confirm- group. Age and gender were similar between
the two groups, but there was some variation in race, with more Caucasians in the confirm+
and more African Americans in the confirm- group (Table 1). By laboratory criteria, the groups
were similar, with comparable platelet count nadirs and anti-heparin/PF4 titers.

Patients with HIT
Although all patients in this study had positive anti-heparin/PF4 antibody titers, not all of these
patients met clinical criteria for HIT. In the confirm+ group, 56 of 98 patients (57%) clearly
met clinical criteria for HIT (HIT+; Table 2). Sixteen of the HIT+ patients had other potential
causes for thrombocytopenia, but these were not felt to be the primary cause for platelet count
decline. Specifically, the majority of these patients had been exposed to antibiotics associated
with a low incidence (<1%) of thrombocytopenia. Further, the nadir platelet count of patients
exposed to antibiotics was >30,000 μL in 80% of these patients, supporting the view that these
patients did not truly have antibiotic-associated thrombocytopenia, which is typically
associated with a nadir platelet count of less than 30,000 μL [13]. There were 15 HIT? patients,
all of whom had other likely causes for thrombocytopenia. These included: history of
pancytopenia, history of thrombocytopenia, antiphospholipid antibody syndrome, sepsis,
disseminated intravascular coagulation (DIC), intraaortic balloon pump, left ventricular assist
device, shock liver, idiopathic thrombocytopenia, and linezolid administration (associated with
up to a 10% incidence of thrombocytopenia). Of the cardiothoracic surgery patients who had
HIT, the majority had a drop in the platelet count of 50% or more between postoperative days
4-14 (13 of 19 patients or 68%), with 4 patients experiencing a persistence of thrombocytopenia
beyond postoperative day 6, without another cause of thrombocytopenia identified. The
remaining 2 patients met criteria for HIT pre-operatively. A total of 27 patients in the confirm
+ group did not meet clinical criteria for HIT (28% HIT-).

Of the 17 confirm- patients, two patients met clinical criteria for HIT (HIT+) and one patient
met criteria for possible HIT (HIT?). These three patients had relatively high anti-heparin/PF4
antibody OD values (Absorbance at 405 nm: 1.1, 2.2, and 3.3). The two patients with the highest
OD values were on the cardiothoracic surgery service. The majority of patients in the confirm-
group (14 of 17 or 82% HIT-) did not meet clinical criteria for HIT.

Antibody OD value and clinical diagnosis of HIT
To examine the relationship between anti-heparin/PF4 antibody OD value and the clinical
diagnosis of HIT, we compared antibody OD values among the different patient sub-groups
(Fig.1). Among confirm+ patients, we found that higher anti-heparin/PF4 antibody OD values
were present in patients who clearly met clinical criteria for HIT (HIT+; median OD 1.04)
versus those who were HIT? (median OD 0.63; p= 0.031) and those who were HIT- (median
OD 0.60; p=0.001). Comparing antibody OD values between patients who were confirm+/HIT
+ and all confirm- patients, we did not find a statistically significant difference in the anti-
heparin/PF4 antibody OD value (median OD value 0.82, p=0.104). However, when we
removed the anti-heparin/PF4 antibody OD value of the two patients in the confirm- group
who met clinical criteria for HIT, we found a statistically significant difference between the
anti-heparin/PF4 antibody OD values in the confirm+/HIT+ group and the remaining patients
in the confirm-group (median OD 0.59; p=0.019). There was no significant difference between
platelet count nadirs and the patient groups (data not shown).

Whitlatch et al. Page 4

Thromb Haemost. Author manuscript; available in PMC 2008 October 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Clinical outcomes
Among the confirm+ patients, the incidence of thromboembolism (at any time point) was 46%
in patients who were HIT+ (26 of 56); 40% in patients who were HIT? (6 of 15; p=0.774
compared to HIT+ patients); and 19% in patients who were HIT− (5 of 27; p=0.016 compared
to HIT+, and p=0.158 compared to HIT?). Of the 32 patients with HITT, there were 20 arterial
thrombotic events and 14 venous thrombotic events. Two of these patients had both an arterial
event and a venous event. Regarding treatment with alternative anticoagulants, 41 HIT+
patients (73%) received a DTI. More than half of these patients had HITT (Table 3). Fifteen
HIT+ patients did not receive a DTI for the following reasons: 7 patients were felt to have too
high of a hemorrhagic risk, 5 patients had positive anti-heparin/PF4 ELISA results return after
discharge or death, and 1 patient was treated with fondaparinux instead of a DTI. The reason
for lack of treatment was not clear in two patients. In the HIT? group, only 4 patients received
a DTI, all of whom had a thromboembolic event (Table 3). Reasons for lack of treatment with
a DTI in the HIT? group included: 1 patient had active bleeding, 2 patients were felt to have
too high of a hemorrhagic risk, one positive anti-heparin/PF4 ELISA result returned after
patient discharge, and there was significant uncertainty regarding the diagnosis of HIT in 5
patients. The remaining 2 patients had no clear reason for lack of treatment.

Among the HIT+ and HIT? patients who received a DTI, there was a high incidence of
hemorrhage (Table 3). Eleven deaths occurred in patients who were treated with a DTI; 5 died
while on therapy and 6 died soon after DTI cessation. No patient died as a result of hemorrhage.
One patient died of ischemic stroke hours after DTI cessation. Interestingly, only 4 of 26 HIT
+ and HIT? patients (15%) who did not receive a DTI developed a new thromboembolic event.
However, the rates of new thromboembolism in the untreated groups (HIT+ and HIT?) were
higher than in the treated group (13% versus 7% in the HIT+ group; 18% vs. 0% in the HIT?
group). The incidence of death was higher in patients who were treated with a DTI (24% versus
19%). Cause of death was sepsis and/or multisystem organ failure in the majority of these
cases. In the untreated group, two deaths were related to thrombotic events.

Overall, 12 patients who clearly met clinical criteria for HIT died (21%), versus 4 patients with
HIT? (27%), and 5 patients who did not meet clinical criteria for HIT (19%). Hemorrhage (at
any time point) occurred in 23% of HIT+, 20% of HIT? and 30% of HIT- patients.

In the confirm- group, the two HIT+ patients received treatment with a DTI. The HIT? patient
also received a DTI for 72 hours, but it was discontinued given concerns for hemorrhage.
Thromboembolism occurred in both patients who were HIT+ in the setting of being treated
with a DTI (Table 3). Among the HIT- patients, one received a DTI transiently, until it was
concluded that the patient did not meet clinical criteria for HIT, and heparin was resumed. Of
the HIT- patients, 7 (50%) developed thromboembolic events. These events included: DVT in
a patient with cancer, acute coronary syndrome upon presentation in one patient, thrombosed
digits in a patient with DIC and sepsis, two line-associated thrombi, and DVT in two patients
with a history of recurrent thromboembolic events. There were two deaths in the HIT- group.
Three HIT- patients (21%) had a hemorrhagic event (unrelated to DTI therapy), and one HIT
+ patient had a hemorrhagic event prior to initiation of a DTI. No patient in the confirm- group
bled while on DTI therapy.

Discussion
Anti-heparin/PF4 antibodies were detected in a diverse patient population, including medical
and surgical patients. Although all were thrombocytopenic to some degree, and up to half
developed thromboembolism, more than a third (36%) of these patients did not meet strict
clinical criteria for the diagnosis of HIT. Patients undergoing cardiothoracic surgery
represented more than one third of the total patient population diagnosed with HIT at our
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institution during 2005 (21 of 58 patients; 36%). This is particularly interesting as this is a
patient population in which the incidence of anti-heparin/PF4 antibodies is known to be high,
but the actual incidence of HIT is thought to be low [8,14,15]. It may be that there is a higher
incidence of HIT in cardiothoracic surgery patients than previously thought. Conversely, there
was only one orthopedic patient with positive anti-heparin/PF4 antibodies, and this patient did
not meet clinical criteria for HIT. This is also somewhat surprising given traditionally,
orthopedic patients have the highest incidence of HIT amongst the surgical patients [8,16].
However, it is now standard practice among the orthopedic surgeons at our institution to use
enoxaparin perioperatively for DVT prophylaxis, which is likely to reduce the incidence of
HIT in this patient population [8].

Part of our objective in performing this analysis was to look at diagnostic strategies for HIT in
our patient population. We found that patients with confirm+ test results were more likely to
meet clinical criteria for HIT than patients who had confirm- results (72% versus 18%
respectively; p<0.001). This study is the first to demonstrate that the confirmatory step in the
anti-heparin/PF4 antibody ELISA may be of clinical utility in the diagnosis of HIT, although
this needs to be prospectively confirmed. In terms of diagnosis of HIT, we also sought to
evaluate how the anti-heparin/PF4 antibody OD value relates to a clinical diagnosis of HIT in
our patient population. Other single institution studies have shown that higher anti-heparin/
PF4 antibody OD values correlate with both diagnosis of HIT and the development of HITT
[10,16]. Similarly, we found that patients who met clinical criteria for HIT had significantly
higher antibody OD values.

When we initially compared the confirm+/HIT+ patients to the confirm- group as a whole, we
did not see a significant difference in the anti-heparin/PF4 antibody OD values. However, when
we removed the two patients who met clinical criteria for HIT in the confirm- group, the
difference between anti-heparin/PF4 antibody OD values became statistically significant (Fig.
1). This raises the question of how the anti-heparin/PF4 antibody OD value relates to the
confirmatory step. The two patients in the confirm- group who had clinical scenarios consistent
with HIT had high OD values (2.2 and 3.3 respectively). It may be that higher OD values have
more clinical significance than a negative confirmatory assay result. The other question that
these data raise is the reliability of the heparin/PF4 ELISA confirmatory test across different
patient populations. Both patients who were confirm-/HIT+ were cardiothoracic surgery
patients. To our knowledge, there has only been one prior study that had addressed the impact
of the confirmatory procedure upon heparin/PF4 ELISA test specificity, and this was in cardiac
surgery patients [9]. Warkentin and Sheppard looked at archived plasma from 98 cardiac
surgery patients, and found that 78 (79%) of these patients tested positive for anti-heparin/PF4
antibodies by commercial ELISA. Of these 78 samples, 76 (97%) had positive confirmatory
test results. However, only one of these patients met clinical criteria for HIT by ACCP
guidelines, which led them to conclude that in the postcardiac surgery setting, the confirmatory
procedure does little to improve diagnostic specificity of the heparin/PF4 ELISA. Further, of
the two samples that had negative confirmatory test results, they report that one tested strongly
positive by serotonin release assay, leading them to conclude that in cardiac surgery patients,
failure to exhibit inhibition in the confirmatory procedure may not exclude the presence of
platelet-activating antibodies. However, by their description, the patient with platelet activating
antibodies and a negative confirmatory test result did not meet clinical criteria for HIT, which
questions the significance of this particular finding.

Our clinical coagulation laboratory does not offer a sensitive, highly specific functional assay,
such as the serotonin release assay, for the diagnosis of HIT. This assay is available through a
reference laboratory, but it is seldom requested by our clinical services. Furthermore, we
believe that using the heparin/PF4 ELISA as the primary laboratory component for the
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diagnosis of HIT is more reflective of current practice patterns at most hospitals in the United
States, which is what we wished to assess in this study.

Thromboembolic and hemorrhagic complications occurred frequently in patients being
evaluated for HIT, indicating that the decision to use a direct thrombin inhibitor must be
individualized, as antithrombotic therapy in these patients may exacerbate the bleeding risk
[17]. Some patients with anti-heparin/PF4 antibodies and isolated HIT may not require
treatment with a direct thrombin inhibitor, but this observation needs to be confirmed in a
prospective analysis. Specifically, we found that of 26 patients who met criteria for HIT (HIT
+/HIT?) and did not receive a DTI, 4 experienced a thromboembolic event (85% did not
develop thrombosis). However, this observation is limited by the fact that this was a
retrospective study, and most of these patients were not followed beyond their hospital
discharge. Furthermore, as a functional study for HIT was not included in the diagnostic
criteria, some of these patients may not have truly had HIT, which would certainly effect
thrombotic rates. Lastly, our findings could be underestimating the true incidence of
thrombosis, since patients were not being systematically evaluated for occult thrombotic
events.

Future studies aimed at refining diagnostic criteria to avoid misdiagnosis of HIT are critical,
including the role of the heparin/PF4 ELISA confirmatory test in the diagnosis of HIT. The
heparin/PF4 ELISA has a high negative predictive value, but only a moderate positive
predictive value. Therefore, a negative heparin/PF4 ELISA result essentially rules out a
diagnosis of HIT, but if positive, the antibodies present may be nonpathogenic [2]. The data
presented here suggests that the heparin/PF4 ELISA confirmatory assay may be of clinical
utility in determining which antibodies are pathogenic, as patients who met clinical criteria for
HIT generally had positive confirmatory results. However, in settings where the heparin/PF4
antibody OD value is high (e.g., OD ≥ 2.00), as in the two confirmatory negative patients who
met clinical criteria for HIT, the confirmatory test may have limited clinical utility and could
even result in misclassifying a patient. It may be that the confirmatory test is most useful to
eliminate low positive heparin/PF4 antibody OD values in cases where the clinical significance
is uncertain (i.e. cases where patients do not clearly meet clinical criteria for HIT, but antibodies
are detected by ELISA). Future studies aimed at further defining the role of the confirmatory
test are warranted. It would be ideal if a predictive algorithm for HIT could be developed,
utilizing anti-heparin/PF4 antibody OD value and confirmatory assay result, as this would
assist in the clinical management of these patients.
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Figure 1. Distribution of Anti-heparin/PF4 Antibody OD Values for the Different Patient Groups
The four groups includes patients who were confirm positive (C+) and (1) fulfilled clinical
criteria for HIT (C+/HIT+); (2) possibly had HIT (C+/HIT?); and (3) who did not meet criteria
for HIT (C+/HIT-); and those patients who were confirm negative (C-). The cut-off for an
elevated anti-heparin/PF4 antibody level is shown by the dashed line (absorbance of 0.40 or
greater), and the median values for each group are shown by the solid horizontal lines. In the
confirm negative (C-) group, the two arrows identify the two patients in this group who
clinically fulfilled criteria for HIT, and the dotted horizontal line represents the median of the
confirm negative group excluding the two patients who did meet clinical criteria for HIT.
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Table 1
Confirmatory Positive compared to Confirmatory Negative Patients
Comparison of demographics and laboratory values.

Outcome Variable Confirm+
N= 98

Confirm-
N=17

P-value

Age* 65 ± 15 63 ± 17 0.148
Female 55 (56%) 9 (53%) 1.000
African American 32 (32%) 9 (53%) 0.168
Caucasian 67 (68%) 8 (47%) 0.166
Platelet Count Nadir* 55,500 ± 44,000/μL 46,000 ± 31,000/μL 0.489
% Decrease Platelet Count from Baseline* 70% ± 23% 69% ± 20% 0.543
Anti-Heparin/PF4 Titer* 0.77 ± 0.84 0.82 ± 0.78 0.552
Cardiothoracic surgery service 35 (35%) 4 (24%) 0.413
Medicine service 30 (30%) 6 (34%) 0.779
*
median.
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Table 2
Demographics for Confirmatory Positive Patients
Patients are distributed according to clinical criteria for HIT.

Demographics HIT +
(n=56)

HIT ?
(n=15)

HIT −
(n=27)

Age* 66 66 63
Female 32 (57%) 9 (64%) 13 (48%)
African American 19 (34%) 6 (43%) 6 (22%)
Caucasian 38 (68%) 8 (57%) 21 (78%)
Cardiothoracic surgery service 19 (34%) 5 (36%) 11 (41%)
Medicine service 14 (25%) 5 (36%) 10 (37%)
*
median.

Thromb Haemost. Author manuscript; available in PMC 2008 October 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Whitlatch et al. Page 12
Ta

bl
e 

3
C

lin
ic

al
 O

ut
co

m
es

R
es

ul
ts

 a
re

 p
re

se
nt

ed
 a

cc
or

di
ng

 to
 c

lin
ic

al
 la

bo
ra

to
ry

 te
st

in
g 

st
at

us
 (C

on
fir

m
+ 

or
 C

on
fir

m
-)

 a
nd

 a
cc

or
di

ng
 to

 c
lin

ic
al

 d
ia

gn
os

is
 o

f H
IT

(H
IT

+,
 H

IT
?,

 a
nd

 H
IT

-)
. 

A
bb

re
vi

at
io

ns
: 

H
IT

, 
he

pa
rin

-in
du

ce
d 

th
ro

m
bo

cy
to

pe
ni

a;
 H

IT
T,

 h
ep

ar
in

-in
du

ce
d 

th
ro

m
bo

cy
to

pe
ni

a 
w

ith
th

ro
m

bo
si

s;
 D

TI
, d

ire
ct

 th
ro

m
bi

n 
in

hi
bi

to
r.

O
ut

co
m

e
C

on
fir

m
+ 

(n
=9

8)
C

on
fir

m
- (

n=
17

)
H

IT
+

(n
=5

6)
H

IT
?

(n
=1

5)
H

IT
-

(n
=2

7)
H

IT
+/

H
IT

?
(n

=3
)

H
IT

-
(n

=1
4)

Th
ro

m
bo

em
bo

lic
 e

ve
nt

 (H
IT

T;
 n

=3
2)

26
 (4

6%
)

6 
(4

0%
)

0
0

0
Tr

ea
te

d 
w

ith
 a

 D
TI

 (n
=5

0)
41

/5
6 

(7
3%

)
4/

15
 (2

7%
)

1/
27

 (4
%

)
3/

3 
(1

00
%

)
1/

14
 (7

%
)

 
Is

ol
at

ed
 H

IT
 p

at
ie

nt
s

18
/3

0 
(6

0%
)

0
-

3/
3 

(1
00

%
)

0
 

H
IT

 w
ith

 th
ro

m
bo

si
s p

at
ie

nt
s

23
/2

6 
(8

8%
)

4/
6 

(6
7%

)
-

0
0

 
H

em
or

rh
ag

ic
 c

om
pl

ic
at

io
n 

*
11

/4
1 

(2
7%

)
2/

4 
(5

0%
)

0
1/

3 
(3

3%
)

0
 

Th
ro

m
bo

em
bo

lic
 e

ve
nt

 *
3/

41
 (7

%
)

0
1/

27
 (4

%
)

2/
3 

(6
6%

)
1/

14
 (7

%
)

 
D

ea
th

 *
9/

41
 (2

2%
)

2/
4 

(5
0%

)
1/

27
 (4

%
)

1 
(3

3%
)

0
N

ot
 tr

ea
te

d 
w

ith
 a

 D
TI

 (n
=6

5)
15

/5
6 

(2
7%

)
11

/1
5 

(7
3%

)
26

/2
7 

(9
6%

)
0

13
/1

4 
(9

3%
)

 
H

em
or

rh
ag

ic
 c

om
pl

ic
at

io
ns

2/
15

 (1
3%

)
1/

11
 (9

%
)

8/
26

 (3
1%

)
-

3/
14

 (2
1%

)
 

Th
ro

m
bo

em
bo

lic
 c

om
pl

ic
at

io
ns

2/
15

 (1
3%

)
2/

11
 (1

8%
)

4/
26

 (1
5%

)
-

7/
14

 (5
0%

)
 

D
ea

th
3/

15
 (2

0%
)

2/
11

 (1
8%

)
4/

26
 (1

5%
)

-
2/

14
 (1

4%
)

* C
lin

ic
al

 e
ve

nt
s o

cc
ur

rin
g 

af
te

r d
ia

gn
os

is
 o

f H
IT

 in
iti

al
ly

 m
ad

e.
 T

he
se

 e
ve

nt
s m

ay
 h

av
e 

oc
cu

rr
ed

 w
hi

le
 th

e 
pa

tie
nt

 w
as

 o
n 

a 
D

TI
, o

r a
fte

r t
he

 D
TI

 h
ad

 b
ee

n 
di

sc
on

tin
ue

d.

Thromb Haemost. Author manuscript; available in PMC 2008 October 29.


