Journal of Blood Medicine downloaded from https://www.dovepress.com/

For personal use only.

Journal of Blood Medicine Dove

3

ORIGINAL RESEARCH

Clinical and laboratory characteristics associated
with a high optical density anti-platelet factor 4

ELISA test

BenjaminY Lu'
David Kudlowitz'
Lawrence B Gardner!'-3

'Department of Medicine,
’Department of Biochemistry and
Molecular Pharmacology, The
Perlmutter Cancer Center, NYU
Langone Medical Center, NYU School
of Medicine, New York, NY, USA

Correspondence: Lawrence B Gardner
Department of Medicine,

NYU Langone Medical Center,

NYU School of Medicine, 550 First
Avenue, New York, NY 10016, USA
Email lawrence.gardner@nyumc.org

This article was published in the following Dove Press journal:
Journal of Blood Medicine

19 November 2015

Number of times this article has been viewed

Purpose: Diagnosing heparin-induced thrombocytopenia, a potentially catastrophic immune-
mediated disorder, continues to pose significant challenges for clinicians, as both clinical and
laboratory tools lack specificity. There is mounting evidence supporting a positive correlation
between definitive heparin-induced thrombocytopenia and optical density (OD) positivity from
the widely available anti-platelet factor 4 enzyme-linked immunosorbent assays (PF4 ELISAs).
However, the clinical features distinguishing these patients remain poorly understood.
Patients and methods: To better characterize this group, we conducted a case-controlled,
retrospective chart review of patients from two large, urban academic institutions who underwent
a PF4 ELISA at a central laboratory. Associations between OD and 18 clinical characteristics
were calculated using the Fisher’s exact test for categorical variables and Wilcoxon rank-sum
test for continuous variables.

Results: In total, 184 negative patients (OD <0.7), and 121 positive patients (OD >0.7),
including 74 low-positive patients (0.7<< OD <1.4) and 47 high-positive patients (OD >1.4)
were identified. Several clinical variables were significantly different in the negative group
compared with the positive group, including hospital day (P<<0.001), previous admission within
the past 3 months (P<<0.001), and the presence of a new thrombus (P=0.003). However, many of
these variables were not different between the negative and low-positive group, and were only
distinct between the negative and high-positive group. When the low-positive and high-positive
groups were compared, only the 4T score was significantly different (P=0.003).

Conclusion: These data indicate that those with OD >1.4 form a distinct clinical group and
support the clinical utility of the 4T score.

Keywords: heparin-induced thrombocytopenia, platelet factor 4 ELISA, thrombocytopenia,
HIT, heparin

Introduction

Heparin-induced thrombocytopenia (HIT) is a potentially severe, adverse reaction to
the widely used anticoagulant heparin. Although heparin is a well-established effective
anticoagulant, in the presence of heparin, auto IgG antibodies can bind to epitopes
on platelet factor 4 (PF4; released from the alpha granules of platelets) and activate
platelets via the FcgRII receptors on the platelet’s surface to induce a thrombotic
cascade. Multiple studies suggest that HIT occurs in up to 3% of hospitalized patients
exposed to unfractionated heparin, and up to a third of these patients can develop life-
threatening thrombosis.' Because HIT is treated by ceasing heparin administration and
administering an alternative form of anticoagulation, the rapid and accurate diagnosis
of HIT has important clinical implications.
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Currently, there is no universally accepted gold standard
for the diagnosis of HIT, but common clinical practice
includes both clinical and laboratory findings.>* Useful clini-
cal findings include a drop in platelet count by 50% or below
150,000/uL, a fall in platelet count starting over 5 days after
heparin exposure in a heparin naive patient, and the absence
of other factors (such as infection and other drug use) that
could lead to thrombocytopenia. In an effort to improve the
ability to accurately predict and standardize the diagnosis
of HIT, a weighted scoring system, which incorporates four
typical features of HIT including magnitude of thrombocy-
topenia, timing of thrombocytopenia, presence of thrombosis
or other sequelae of HIT, and the likelihood of other causes
of thrombocytopenia, has been commonly utilized.”"! This
“4T” score has been noted to have a high sensitivity for the
diagnosis of HIT but is non-specific.”!?

Additionally, the presence or absence of anti-heparin/PF4
antibodies has been used to assist in the diagnosis of HIT.1"°
These antibodies, which have been demonstrated to cause
thrombocytopenia in association with PF4 and heparin, are
present in almost all patients who are diagnosed with HIT.!>-!¢
However, while the absence of these antibodies is thought to
have a negative predictive value for the diagnosis of HIT of
over 90%, the presence of HIT antibodies has been estimated
to have as low as a 5% positive predictive value in select patient
populations.®'”2* While some studies suggest that the serotonin
release assay (SRA) has a higher specificity than the more com-
monly used PF4 enzyme-linked immunosorbent assay (PF4
ELISA) technique,* > the SRA is technically demanding, and
typically available only in reference laboratories, which can result
in delayed results, and is still positive in the absence of many of
the clinical findings associated with HIT."***?7 In fact, though
many rely on the SRA during the diagnosis of HIT, this positive
predictive value of this test can range from 5% to 50% depending
on the patient population.?? Despite the limitations of techniques
that detect the presence of HIT antibodies, there is mounting
evidence supporting a positive correlation between PF4 ELISA
optical density (OD) positivity, the likelihood of a positive SRA,
and the presence of thrombosis.'3?*3! Thus, a high OD positivity
associates with a higher likelihood of true HIT. Nonetheless, the
clinical and laboratory characteristics that distinguish patients
with high OD values remain poorly understood.

Inappropriately diagnosing HIT can have multiple
serious consequences, including the cessation of heparin,
the deferment of procedures requiring heparin, the initiation
of costly and potentially dangerous other anticoagulants,
and the failure to correctly identify the actual cause of
thrombocytopenia.>**3# The lack of specificity of both

clinical features of HIT and the presence of HIT antibodies
highlight the need to improve the accuracy of diagnostic
methods to facilitate appropriate empiric treatment. We,
therefore, examined specific clinical and laboratory data from
all patients at two large, urban academic hospitals who had
PF4 ELISAs performed at a central laboratory over a 3-year
period to determine if any readily available clinical and/or
laboratory finding associated with a high PF4 ELISA OD.

Patients and methods
Patients and PF4 ELISA testing

This case-control, retrospective study was reviewed and
approved by the Institutional Review Board at NYU Langone
Medical Center. Because of the retrospective nature of this
study this Review Board did not require patient consent. A labo-
ratory database was used to identify all hospitalized patients
who had PF4 ELISA at the Tisch Hospital and Bellevue Hospi-
tal Center between July 1, 2009 and July 1, 2014. PF4 ELISA
testing was performed using the LIFECODES PF4 Enhanced
assay kit (Immucor GTI Diagnostics, Inc., Waukesha, WI,
USA) according to the manufacturer’s guidelines and validated
with internal controls. The assay is a polyimmunoglobulin
assay (anti-IgG/A/M) utilizing 60 units of heparin in the posi-
tive control. Internal positive and negative control values were
recorded for each patient’s PF4 ELISA. Testing for anti-heparin/
PF4 antibodies was performed at the discretion of each patient’s
medical team. For patients who had more than one PF4 ELISA
performed, only the initial result was considered.

Chart review

Inclusion criteria included PF4 ELISA tests from January to
July 2013 and all “positive” values from July 2009 to July
2014. Additionally, all included patients were older than
18 years and had full clinical data in the medical record. No
direct contact with patients was made. Two trained abstracters
collected data for each patient including age, admitting
service, hospital day at the time of the assay, days since first
heparinization, white blood cell count, hemoglobin, platelet
count at presentation and at the time of the assay, creatinine,
international normalized ratio, thrombosis at the time of the
assay, antibiotics at the time of thrombocytopenia, positive
blood culture, surgical procedure within the last 2 weeks,
cardiothoracic surgery within the last 2 weeks, hospital
admission within the last 3 months, and death during the
current hospitalization. Laboratory data were recorded at the
initial presentation and/or at the time of the PF4 ELISA assay.
All thromboses were radiographically confirmed. Probably,
thromboses reflect those thromboses that were incidentally
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found with an unclear duration and/or relationship to the HIT
diagnosis. Values calculated from the collected clinical data
included the percentage drop in platelet count from admis-
sion and the 4T score. Because of the previously mentioned
limitations of the SRA,?* and the fact that only a small frac-
tion of patients were tested for antibodies using the SRA
precluding robust statistical analyses, we do not report on
the results of these tests.

Statistical analyses

The Wilcoxon rank-sum test was used to evaluate continuous
variables. Pearson’s y? tests were performed to evaluate
categorical variables for statistical differences. Fisher’s
exact test was used to evaluate categorical data with
small sample sizes. Two-way analysis of variance testing
was used to determine OD differences between different
clinical probability groups. Pearson correlation values were
calculated to determine linear regression. A P-value <0.05
was considered statistically significant.

Results

In order to define “high-positive” and “low-positive” PF4
ELISA OD thresholds, we first analyzed all patients who
had a PF4 ELISA test between January 1, 2013 and July 1,
2013. There was a wide range of “positive” OD readings
above our institutional accepted, manufacturer suggested,
a positive threshold of 0.7 OD (Figure 1A). We defined the
high-positive OD group as those with ODs exceeding the
second quartile. Based on these analyses, negative values
were defined as an OD <0.7, low-positive tests were defined
as 0.7= OD =1.4, and high-positive tests were defined as
OD >1.4. Of note, these subgroups correlated well with
the prevalence of HIT reported in the prior studies.*4
Subsequent analyses compared the low-positive and high-
positive groups over a 4-year period using the thresholds
defined above and those with negative values in 2013.

In total, 305 unique patients met inclusion criteria. These
included 184 patients with a negative PF4 ELISA (OD <0.7),
74 patients with a low-positive PF4 ELISA (0.7= OD =1.4),and
47 patients with a high-positive PF4 ELISA (OD >1.4). Our
cohort included patients from multiple services including medi-
cine (31.6%), surgery (44.9%), and intensive care (12.8%). Of
the patients cared for by surgical teams, 52.8% were admitted to
the cardiothoracic service. There were no significant differences
in the PF4 ELISA OD distribution based on primary teams
between patient groups (Figure 1B). Likewise, ODs were not
significantly different for other demographic criteria, such as
age and recent surgical procedures.
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Figure | Anti-heparin/platelet factor 4 enzyme-linked immunosorbent assay (PF4
ELISA) optical density (OD) values in a cohort of patients.

Notes: (A) Scatterplot demonstrating the distribution of OD of all patients receiving
anti-heparin/PF4 ELISAs in 2013. Dashed lines represent the threshold values
distinguishing patients considered to have positive (OD >0.7) and high-positive (OD
> |.4) PF4 ELISA tests. (B) Scatterplot demonstrating the distribution of the OD of all
patients receiving anti-heparin/PF4 ELISAs based on admitting service. Mean OD and
the standard error of the mean are represented by the horizontal error bars.

We then compared clinical variables between those with
negative assays (OD <<0.7) and those with any positive PF4
ELISA (OD =0.7). Those with a positive test had been in the
hospital longer at the time the assay was taken than those in
the negative test (P<<0.001; Table 1). The patients with posi-
tive PF4 ELISA did not have a significantly different platelet
count than those with negative PF4 ELISA. However, those
with positive PF4 ELISA were significantly more likely to
demonstrate signs of acute inflammation or infection, such as
leukocytosis (P=0.026) and antibiotic therapy (P=0.006) and to
have an onset of thrombocytopenia 5-10 days after the initia-
tion of heparin (P<<0.001) (Table 2). The patients with positive
tests were also more likely to have a previous admission in the
preceding 3 months (P=0.001) (Table 1) and were more likely
to have a new thrombosis at the time of the assay (P=0.003)
(Table 2). No mortality difference was found between negative
and positive groups.
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Table | Clinical characteristics of patients included in the study

Demographics oD <0.7 0.7=0OD=<1.4 OD >1.4 P-value

(n=184) (n=74) (n=47) -vs+ —vslow+ —vshigh+ Low +vshigh+
Age in years*, median (range) 66 (17-100) 65 (25-92) 72 (10-93) NS NS NS NS
Hospital day*, median (range) 5 (0-40) 10 (1-120) 12 (5-102) <0.001  <0.00I <0.001 NS
Surgery within 2 weeks** 100 (54.1%) 30 (45%) 26 (55%) NS NS NS NS
Cardiac surgery within 2 weeks** 53 (28.7%) 15 (22%) 16 (34%) NS NS NS NS
Admission within last 3 months** 65 (35.5%) 36 (54%) 27 (57%) 0.001 0.010 0.007 NS
Death during current hospitalization®* 25 (13.6%) Il (16%) 3 (7%) NS NS NS NS
Service*
Medicine 60 (32.6%) 19 (28.3%) 15 (31.9%)
Surgery 86 (46.7%) 26 (38.8%) 22 (46.8%)
Cardiac surgery 50 (27.2%) 13 (19.4%) 12 (25.5%)
Intensive care 22 (11.6%) 7 (10.4%) 4 (8.5%)

Notes: *Wilcoxon rank-sum test, **Pearson’s y2 not significant (NS; P>0.05). — = negative test (OD <0.7); low +=0.7< OD =1.4; high + = OD > 4.

Abbreviation: OD, optical density.

We next subcategorized patients with a positive PF4
ELISA into those with low-positive OD (0.7= OD =1.4) and
those with high-positive OD (OD >1.4). Compared with the
negative group, those with a low-positive OD also had the
PF4 ELISA sent later in their hospitalization (P<<0.001) and
were more likely to have had a previous admission within the
past 3 months (Table 1). They were also more likely to have
the onset of thrombocytopenia occur 5—-10 days after heparin
exposure, but did not have a significantly different platelet
count than the negative assay group (Table 2).

Analyses comparing the high-positive group (OD >1.4) to
the negative group (OD <0.7) revealed several differences that

Table 2 Laboratory characteristics of patents included in the study

were not noted when the low-positive group was compared
to the negative group. In fact, many of the differences noted
between the positive and negative groups, including white blood
cell count, use of antibiotics, and thromboses could be attributed
entirely to those patients in the high-positive OD group. The
high-positive OD group also had a larger drop in platelet count
(P=0.019) (Table 2) compared with the negative group, and a
significantly increased prevalence of thromboses. Additionally,
there was a statistical trend toward decreased mortality during
the current hospitalization in the high-positive group.

No single clinical characteristic significantly differed
between the high-positive group and the low-positive

Laboratory values oD <0.7 0.7=0D <1.4 oD >1.4 P-value

(n=184) (n=74) (n=47) -vs+ —vslow+ -—vshigh+ Low +vshigh+
White blood cell count*, 9.3 (2.5-43.6) 10.8 (2.0-24.6) 1.1 (2.1-34.5) 0.026 NS 0.045 NS
median (range)
Hemoglobin*, median (range) 9.8 (6.1-19.9) 10 (7-15.2) 9.6 (6.3-16.3) NS NS NS NS
Platelet count at time of 82 (17-351) 96 (6-742) 76 (16-384) NS NS NS NS
assay*, median (range)
Creatinine*, median (range) 1.0 (0.2-12.2) 1.2 (0.2-8.6) 1.0 (0.5-8.8) NS NS NS NS
International normalized 1.30 (0.80-11.09) 1.27 (0.99-4.60) 1.28 (0.95-4.97) NS NS NS NS
ratio*, median (range)
Antibiotics** 80 (43.2%) 38 (58%) 30 (64%) 0.006 0.053 0.014 NS
Positive blood culture** 15 (8.2%) 9 (13%) 8 (17%) 0.072 NS 0.074 NS
4T score™, median (range) 3 (0-7) 3(0-7) 4(1-7) <0.001 0.04] <0.001 0.003
Onset 5-10 days after 55 (29.7%) 32 (48%) 28 (60%) <0.001 0.007 <0.001 NS
heparin exposure**
Drop in platelet count from 46 (91 to 465) 44 (100 to 207) 55 (93 to 321) NS NS 0.019 0.067
admission (%), median (range)
Thrombosis at time of assay**
New 8 (4.3%) 9 (13%) 9 (19%) 0.003 0.055 0.002 NS
Possible Il (6.0%) 3 (4%) 4 (9%)
No 166 (89.7%) 55 (82%) 34 (72%)

Notes: *Wilcoxon rank-sum test, *Pearson’s 2 test, **Fisher’s exact test, not significant (NS; P>0.05). — = negative test (OD <0.7); low + = 0.7= OD =1.4; high+=0OD >14.

Abbreviation: OD, optical density.
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group. However, remarkably, the 4T score (P=0.003) was
significantly higher in the high-positive PF4 ELISA OD
group than the low-positive PF4 ELISA group. The 4T
score was also significantly increased in all patients with
positive PF4 ELISA when compared with negative patients,
and significant (P=0.041) (Table 2) even when only the
low-positive PF4 ELISA group was compared with the
negative group. Further analyses demonstrated a direct
correlation between 4T score and OD result (Figure 2A).
When the patients were grouped based on 4T score inter-
pretations (low <4, intermediate 4-5, and high >5 clinical
probability scores), there was an increasing mean OD: low
0.49840.50, intermediate 0.689+0.65, and high 1.28+0.65
(Figure 2B). Additional numerical corrections, including
OD normalization to internal positive and negative control
OD values, failed to improve the Pearson’s correlation value
(data not shown).
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Figure 2 Correlation between patient 4T score and the optical density (OD) of
anti-heparin/platelet factor 4 enzyme-linked immunosorbent assays.

Notes: (A) Boxplot representing the 4T scores of negative (OD <0.7), low-
positive (0.7= OD =1.4), and high-positive (OD > |.4) groups. Error bars represent
the minimum and maximum values. Statistical significance (¥) was calculated using
two-way analysis of variance (P<<0.05). (B) Scatterplot representing OD of low
(4T score <4), intermediate (4T score =4-5), and high (4T score >5) pretest
probability groups. Mean OD and the standard error of the mean are represented
by the horizontal error bars.

Discussion

Our study offers insight to the clinical characteristics of
patients receiving PF4 ELISAs. Many of the clinical and
laboratory characteristics that were significantly different
when comparing the patients with positive and negative
PF4 ELISA tests were no longer significantly different when
only those with low-positive PF4 ELISA OD values (<1.4)
were used. In contrast, we found that patients with high OD
positivity (>1.4) represent a distinct clinical group when
compared with the negative group. Not only did they have a
larger drop in platelet count from admission but they also had
a higher white blood cell count and more antibiotic usage.
In addition, the high-positive PF4 ELISA group not only
had higher 4T scores than the negative assay group, but also
significantly higher than the low-positive PF4 ELISA group.
These findings suggest that the low-positive group encom-
passes a clinically heterogeneous population of patients who
are difficult to distinguish clinically. Because there is no gold
standard for a HIT diagnosis, we cannot confidently state that
our data support the hypothesis that a high PF4 ELISA OD
associates with a diagnosis of HIT. However, we did find that
those patients with a high PF4 ELISA OD represent a distinct
clinical group. Our findings also reinforce the clinical utility
of the 4T score, although those patients with a low-positive
PF4 ELISA OD had a significantly higher 4T score than those
patients with negative assay results.

Like previous studies, our patient population demon-
strated no differences between the likelihood of HIT and
the primary treatment team.* We also observed a direct cor-
relation between OD positivity and 4T score, as previously
reported.®!7-12203140 While no statistically significant differ-
ences in mortality were found in our cohort, there was a trend
toward decreased mortality in patients with higher OD posi-
tivity, which has also been previously observed.” Although
counterintuitive, this finding has been attributed to the possible
presence of other, more life-threatening conditions that may
be causing thrombocytopenia in patients with lower OD posi-
tivity. While these previous studies have focused on narrow
cohorts of patients from specific services or single institutions,
our analysis includes patients spanning several services from
institutions with vastly different resources. Our study addition-
ally characterizes hospitalized patients with both negative and
positive OD with thresholds that more accurately reflect those
used in clinical practice. We, therefore, believe the findings
from our study are widely generalizable.

The retrospective nature of our study introduces inher-
ent limitations, including differences in the timing of
medical decisions by the primary team and biases when

Journal of Blood Medicine 2015:6

submit your manuscript

281

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Lu et al

Dove

calculating 4T scores. To mitigate hindsight bias, we
recorded the primary team’s assessment at the time the
assay was collected when available. The lack of a defini-
tive diagnosis of HIT reflects the limitations of currently
available diagnostic tools. While the SRA is commonly
accepted as a more specific test compared with the PF4
ELISA, the test is technically demanding which limits its
accessibility. In fact, only a small proportion of patients
in our study received SRA, and, while statistical signifi-
cance was not achieved likely due to the small sample size,
patients with positive SRA generally had higher OD, as
has been previously described (data not shown).*18-20 It
has recently been shown that the diagnostic accuracy of
PF4 ELISA can be significantly improved by increasing
the threshold defining positive tests.**? Our data suggest
that these more stringent thresholds associate with clinical
and laboratory groups.

Conclusion

In summary, this study characterizes hospitalized patients
receiving PF4 ELISA at two large, urban academic institutions
and found that patients with high-positive ODs represent a
distinct clinical group when compared with low-positive ODs.
However, no single characteristic we analyzed was able to dis-
tinguish those with a low-positive PF4 ELISA OD and those
with a high-positive PF4 ELISA OD. Our findings reinforce
the clinical utility of the 4T score, which was the only clinical
variable that significantly distinguished low-positive and high-
positive groups. Absence of thrombosis and temporal onset of
thrombocytopenia consistent with HIT, important components
ofthe 4T score, were commonly observed in those both nega-
tive and low-positive PF4 ELISA ODs unlikely to represent
true HIT, and thus these assays, ordered on both medical and
surgical services (Figure 1A), were likely not appropriate.
While HIT remains a challenging clinicopathologic diagnosis
for clinicians, further clinical and molecular characterization
of high-positive PF4 ELISA OD patients will improve our
ability to accurately diagnose this disease.
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