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Abstract

Heparin-induced thrombocytopenia (HIT) is one of the serious complications in patients who undergo cardiac surgery. However,
there remains a major problem in diagnosing HIT because the current immunological assays for detection of HIT antibody have
limitations. Furthermore, the clinical course of thrombocytopenia in this surgery makes it increasingly difficult to diagnose HIT.
We investigated the relationship between platelet count and HIT antibody in 59 patients who underwent cardiac surgery using
cardiopulmonary bypass (CPB). The number of postoperative HIT antibody-positive patients evaluated using enzyme-linked
immunosorbent assay kit (polyanion IgG/IgA/IgM complex antibodies/antiplatelet factor 4 enhanced) was 37 (62.7%). In con-
trast, platelet activation by HIT antibody was evaluated using the serotonin release assay (SRA). More than 20% and 50% release of
serotonin was obtained from |2 patients (20.3%) and 8 patients (13.6%), respectively. The levels of D-dimer were significantly
different on postoperative day 14 between SRA-positive and SRA-negative groups; however, postoperative thrombus compli-
cation was not detected using sonography in the patients with positive serotonin release at all. After being decreased by the
operation, their platelet count recovered within 2 weeks in both groups equally. In our study, although the patients were positive
in the platelet activating HIT antibody assay, they remained free from thrombosis and their platelet count recovered after early
postoperative platelet decrease. Therefore, in addition to the SRA, monitoring of platelet count might be still considered an
indispensable factor to facilitate the prediction of HIT thrombosis prior to manifestation in the patients undergoing cardiac
surgery using CPB.
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thrombosis have been eagerly sought for by cardiac surgeons.
Although antibody assay of HIT has been reported, the
unsolved problem still exists. It does not establish a correlation
between the commonly used serological diagnosis by the
enzyme immunoassays for the PF4/heparin antibodies (HIT

Introduction

Heparin use during cardiovascular surgery is known to cause
the generation of antiplatelet factor 4 (PF4)/heparin complex
antibodies, leading to multiple, systemic thromboses with con-
comitant thrombocytopenia (heparin-induced thrombocytope-
nia [HIT]) in some patients. Because only a subset of these
patients will produce those antibodies that activate platelets,
HIT is an unpredictable and critical complication of cardiovas-
cular surgery.

Heparin administration is mandatory as a routine procedure
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in cardiac surgery to prevent thrombus formation during cardi-
opulmonary bypass (CPB). Therefore, HIT is always possible
in these surgeries. Once it occurs, the management of patients
becomes more difficult at once and their morbidity depends on
the severity of thromboses irrespective of surgical procedure.
Therefore, the prediction and prompt diagnosis of HIT and its
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Table I. Preoperative Diagnosis for the Patients and the Operations
Performed.?

Preoperative  Number of Number of
Diagnosis Patients  Operation Performed Operations
CAD 33 CABG 33
Valve disease 13 Valve replacement 12
CAD + valve 3 Valve plasty |
disease
ASD 2 Valve replacement + CABG 3
TAA 4 ASD closure 2
cAD 2 TAR 5
Cardiac tumor 2 Aorta reconstruction |
(myxoma)
Extirpation 2

Abbreviations: CAD, coronary artery disease; ASD, atrium septum defect;
TAA, thoracic aortic aneurysm; cAD, chronic aortic dissection; CABG, cor-
onary artery bypass grafting; TAR, total arch replacement.

?Each patient received 300 U/kg body weight of unfractionated heparin, and the
volume was adjusted to achieve an activating coagulation time (ACT) of over
400 seconds.

antibody) and clinical manifestations of thrombocytopenia
with concomitant thrombosis.! Thus, in the present study, we
investigate the risk factors for HIT in patients who underwent
cardiac surgery using CPB, and we focus on both the serotonin
release assay (SRA)? and its cutoff value in relation to the
prediction of HIT.

Materials and Methods

Patients who underwent cardiac surgery using CPB in the
University of Yamanashi, Department of Cardiovascular
Surgery, from June 2005 to August 2006, were enrolled in
this study. The study was performed in accordance with the
Declaration of Helsinki, and its protocol was approved by the
ethics committee of the University of Yamanashi. Our study
included 59 patients (42 men and 17 women) with a mean age
of 68.3 (8.6) years. All patients provided written informed
consent before participating in this study. Unfractionated
heparin (UFH; 300 U/kg) was administered just before cannu-
lation for CPB to maintain an activated coagulation time of
longer than 400 seconds during CPB. After cessation of CPB,
heparin was neutralized by protamine, and additional UFH was
not used until at least 14 days after the surgery. The most
frequent disease was coronary artery disease (36 patients), fol-
lowed by valve insufficiency (16 patients). The diagnosis of the
patients’ conditions and the operations performed are presented
in Table 1. Each patient was examined preoperatively and both
1 week and 2 weeks after the operation. The number of platelets
was counted every day until 2 days postoperatively and every
other day thereafter. The p-dimer levels were measured on the
scheduled days. Heparin-induced thrombocytopenia antibody
levels were measured by enzyme-linked immunosorbent assay,
which can detect antiplatelet factor 4 (PF4)/polyanion IgG/
IgA/IgM complex antibodies (GTI).! Polyanion IgG/IgA/IgM

complex antibodies titers were represented as optical density
(OD) values, and a result was considered positive if the OD
value was greater than 0.40." To measure the activated platelet
function by the HIT antibody, the '*C SRA was performed.”
Briefly, platelet-rich plasma is labeled with '*C-
serotonin,incubated, and resuspended to a count of 3.0 x 105
platelets/puL. The test serum is incubated with the platelet sus-
pension, and '"*C-serotonin released into the supernatant is
measured using a scintillation counter. Each serum is desig-
nated as positive for heparin antibody if they cause the release
of >20% serotonin with 0.1 U/mL heparin after platelet lysis,
because less than 20% release of SRA is observed in healthy
volunteers.® Results were grouped by the following 3 phases:
serotonin release (SR) <20% (negative), >20% (SR20 posi-
tive), or >50% (SR50 positive) under a low dose of heparin (0.1
U/mL). In addition, when the releasing rate of serotonin was chan-
ged from SR20 or SR50 to <20% or <50% under a high concen-
tration of heparin (100 U/mL), the results were considered
positive. Clinical assessment was performed daily after the oper-
ation to detect physical presence of deep vein thrombosis or pul-
monary embolism. When thrombus formation was suspected
clinically, duplex scan sonography was performed immediately,
particularly focusing on the veins of the lower extremities, which
is the most frequent site of postoperative thrombosis. When pul-
monary embolism was suspected from respiratory distress, com-
puted tomography (CT) with contrast enhancement was
performed. The difference between the 2 groups was analyzed
statistically by the Student ¢ test or the chi-square test (IBM SPSS
Statics, Version 22, IBM). A P value less than .05 indicates a
statistically significant difference between the 2 groups.

Results

Of the 59 patients, 53 had a history of heparin use prior to the
operation, for coronary angiography or regular hemodialysis.
Using clinical assessment, 10 patients were detected with
thrombus formation by the administration of heparin in our
cardiac surgery. However, no thrombi were detected on sono-
graphy or CT in the perioperative period, including SRA-
positive or GTI-positive patients.

Eight patients were preoperatively SR20-positive, and all of
them had a history of heparin use before cardiac surgery. All
patients underwent cardiac surgery safely with CPB under the
use of UFH, without thrombosis in the tubes or CPB device.
After surgery, 12 patients were SR20-positive (12/59, 20.3%),
whereas 37 patients were GTI-positive (37/59, 62.7%). These
results are presented in Table 2; group A(20) represents SR20-
positive patients, whereas group B(20) represents the patients
whose serotonin releasing rate was lower than 20% (SR20-
negative). Nearly half of the patients, namely, 2 patients in
group A(20) and 27 patients in group B(20), showed discre-
pancy of the results between GTI and SR(20).

Recently, a higher cutoff of 50% instead of 20% SRA was
selected to avoid false-positive results as suggested by a pre-
vious report* (Table 3). Preoperatively, there were no patients
showing SR >50%. Eight patients (7 men and 1 woman; mean
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Table 2. Patient Results When the SR Cut-Off Value Was Consid-
ered as 20%.%

Table 3. Patient Results When the Cutoff Value Was Considered to
Be 50%.%

Group A(20) Group B(20) P

Group AA(50)  Group BB(50) P

(n=12) (n=47) Value (n=28) (n =51) Value
Preoperative SR >20% 2 (2/12, 16.7%) 6 (6/47, 12.8%) ns Preoperative SR >50% 0 0
GTl-positive, 1 (1/12, 8.3%) I (1/47, 2.1%) ns GTl-positive, 1 (1/8, 12.5%) I (1/51, 2.0%) ns
preoperation preoperation
GTl-positive, 10 (10/12, 83.3%) 27 (27/47,57.4%) ns GTl-positive, 7 (7/8, 87.5%) 30 (30/51, 58.8%) ns
postoperation postoperation
Sex (M/F) 10/2 32/5 ns Sex (M/F) 7/1 35/16 ns
Age (years) 66.8 (9.3) 68.7 (8.5) ns Age (years) 64.6 + 8.4 688 + 8.5 ns
History of heparin use 2 (2/12, 16.7%) 4 (4/47, 8.5%) ns History of heparin use 1 (118, 12.5%) 5 (5/51, 9.8%) ns
Platelet count (x 10*/uL) Platelet (x 10*/uL)
Preoperation 18.8 (5.8) 19.4 (4.6) ns Preoperation 184 + 6.8 194 + 45 ns
POD 7 17.6 (6.9) 18.1 (6.8) ns POD 7 182 + 5.6 179 + 7.1 ns
POD 14 24.8 (11.5) 31.7 (8.0) ns POD 14 303 + 34 30.7 + 9.2 ns
Lowest number 7.0 (2.4) 8.8 (3.7) ns Lowest number 71 + 1.9 8.6 + 3.6 ns
Lowest POD 22 (1.2) 2.3 (0.9) ns Lowest POD 20 + 09 23+ 1.0 ns
Thrombocytopenia 2 (2/12, 16.7%) 7 (7147, 8.5%) ns Thrombocytopenia 2 (2/8,25.0%) 7 (7/51,9.8%) ns
(POD 7) (POD 7)

p-dimer (pg/mL)

Preoperation 25 4.7) 22 (2.8) ns

POD 7 10.7 (10.4) 7.5 (5.5) ns

POD |4 16.6 (11.2) 84 (5.4) 0.001

Highest value 16.7 (11.3) 9.5 (5.9) 0.003
Thrombotic events 0 0

after the operation

p-dimer (pg/mL)

Preoperation I.I + 0.9 24 + 34 ns

POD 7 8.1 + 57 8.1 +70 ns

POD 14 159 + 104 92 4+ 6.7 0018

Highest value 159 + 104 102 + 7.1 0.052
Thrombotic events after 0 0

the operation

Abbreviations: GTI, Polyanion IgG/IgA/IgM complex antibodies; POD, post-
operative day; ns, not significant; SR, serotonin release.

*Thrombocytopenia: patients with platelet counts of less than 10 x 10* /uL or
less than 70% of the preoperative count on postoperative day 7. Numbers are
expressed as the mean (SD). Group A(20) comprises patients with a post-
operative SR of >20%, whereas group B(20) comprises patients with a post-
operative SR of <20% upon low-dose heparin-induced activation.

age: 64.6 years) were SR50-positive after the surgery (group
AA(50)). In group AA(50), there were 7 GTI-positive patients
(7/8, 87.5%). On the other hand, in group BB(50), 51 patients (35
men and 16 women; mean age: 68.8 years) showed that serotonin
releasing rate was below 50% (represented as SR(50)-negative).
There were 30 GTI-positive patients in this group (30/51, 58.8%).
Similar to the results of SR(20), half of the patients showed dis-
crepancy of the results between GTI and SR(50).

On postoperative day (POD) 7, thrombocytopenia was
diagnosed using the platelet count; a platelet count below
10 x 10*/uL or a greater than 30% decrease in platelet count
compared with the preoperative measurement was considered
to indicate thrombocytopenia.’ According to this criteria of
platelet count (score = 0),* 2 patients of group AA(50) (2/8,
25.0%) and 7 patients of group BB(50) (7/51, 13.7%) were
diagnosed with thrombocytopenia. In terms of the prevalence
rate of thrombocytopenia, group A(20) and group B(20)
showed similar trends to group AA(50) and group BB(50),
respectively. The platelet count of the patients before surgery
and on POD 7 and 14 did not significantly differ between the
2 groups, with postoperative counts presenting the lowest one.
Therefore, the amount of SR was independent of the platelet
count on each day.

Abbreviations: GTI, polyanion IgG/IgA/IgM complex antibodies; POD, post-
operative day; SR, serotonin release; ns, not significant; SR, serotonin release.
*Group AA(50) comprises patients with a postoperative SR of >50%, whereas
group BB(50) comprises patients with an SR of <50% upon low-dose heparin-
induced activation.

Platelet counts showed similar patterns of changes in
the SRA-positive and SRA-negative groups during the 2 weeks
in each group of the cutoff level with 20% or 50% (Figure 1A
and B). Although the platelet count decreased until 2 days after
the operation and then started to increase, reaching preopera-
tive numbers after approximately 1 week, it continued to
increase until reaching values higher than preoperative num-
bers at 2 weeks. SRA-positive patients showed the tendency
that platelet count was lower at POD 2 or 3 and higher at POD
14 than SRA-negative patients on each SR cutoff assay,
although the difference was not significant.

The p-dimer levels were significantly different between
before surgery and on POD 14, as opposed to on POD 7 in
both the SR20 groups and SR50 groups (Tables 2 and 3). In
addition, there was a significant difference in the highest value
of p-dimer between the SR20 groups (Table 2). Despite these
results showing a significant difference, no thrombotic compli-
cations occurred in any groups during the study period.

Discussion

In this present study, we focused on the risk factors for HIT and
the cutoff value of SRA to predict HIT and thrombotic event.
Although HIT thrombus formation during or after the surgery
sometimes could result in fatality, it is difficult to monitor the



Motohashi et al

947

>

W w
o O Ut

ot

platelets ( x 10%)

e
o (=]

o ot

w

== D DN W W
S o O o ©oO Ot O

platelets ( x 10%)

[ RN}

NN A

RO, QOQ
N N S

= SRA>20%
=== SRA<20%

e SRA>50%
=== SRA<50%

O L
QO QO

SSIONSIEE

Q
NN

Cb

DOV
NN

Figure 1. Time course of the changes in platelet count. A, Changes in the platelet count in both groups when 20% SR was used as the cutoff
level. B, Changes in platelet count in both groups when 50% SR was used as the cutoff level. SR indicates serotonin release.

onset of HIT thromboses because the patients who undergo
cardiac surgery present with thrombocytopenia frequently. In
addition, the prediction of this complication remains difficult
because serological diagnosis does not necessarily correlate
with its clinical manifestation, that is, immunological detection
of HIT antibody is more frequent than clinical manifestation,®
particularly in patients undergoing CPB surgery.”” Therefore,
awareness of this complication from SRA and physical find-
ings has been the most important factor for saving patients, by
acting immediately after its occurrence.

We investigated 2 different methods to detect HIT serolo-
gically, namely, immunological examination using GTI assay
and functional assessment with SRA. However, more than half
of the patients (37/59, 62.7%) had positive results of GTT assay
postoperatively in this study group. Considering that there was
no patient with thrombosis in this study group, immunological
assay seems to be too sensitive as in the previous reports, par-
ticularly in the patients undergoing CPB surgery.'® Thus, we
consider that the functional activity of HIT antibody is more
important than its quantity, as suggested by Trossaért et al'! and
Bakchoul et al.'* It was also reported that the functional assay
was recommended if the seropositive patients need to undergo
cardiac surgery.' In terms of this evidence, SR was selected as a
predictable marker of thrombosis in our surgery.

Classically, an SR of 20% has been selected as the cutoff
value."* However, as shown in Table 2, preoperative SR20-
positive patients underwent successful cardiac surgery with
CPB safely under an administration of UFH. This finding sug-
gested that a 20% cutoff level is too sensitive. Warkentin et al
recently proposed using 50% as a cutoff level.*'*> As shown in
Table 3, when 50% was used as the cutoff level, there were no
preoperative SR50-positive patients. Although we agree with
this cutoff level (SR50) in comparison with 20% and it seems to
be acceptable, contrary to our expectation, our patients could
not develop postoperative thrombotic complications clinically.

Heparin-induced thrombocytopenia is generally defined as a
clinicopathological syndrome with a significant fall in platelet
count; however, patients who undergo cardiac surgery regu-
larly show thrombocytopenia immediately after the surgery,
which is irrelevant to HIT.'"® Consumption and destruction of
blood cells during operations accompanied with CPB is con-
sidered to be a major factor. Usually, the platelet count recovers
approximately in 1 week after surgery and increases over the
preoperative count by 2 weeks after surgery. As shown in
Figure 1, platelet counts indicated a similar tendency of com-
mon findings in spite of the difference in patients with or with-
out activated platelets antibody. Meanwhile, the 4Ts score has
been proposed to detect HIT syndrome,>'” which mainly
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focuses on the number of platelets. The lowest platelet count
score, namely a score of 0, is defined as a >30% decrease in the
preoperative platelet count or a platelet count of less than 10 x
104/uL4 This may be a useful clue for the possible occurrence
of HIT in patients, except for those who undergo cardiac sur-
gery. However, as mentioned above, patients undergoing sur-
gery with the assistance of CPB regularly show a similar
tendency in platelet count, and thus, platelet counts have lim-
ited value in such patients to predict HIT, especially in early
postoperative days.'® By contrast, Warkentin focused on tim-
ing of platelet decrease, emphasizing the importance of the
second decline in the platelet count, which began 5 to 10 days
after heparin exposure.'® From this point of view, the changes
in patterns of platelet count appear to be useful indications of
development of HIT thrombosis. Lillo-Le Louét et al suggested
specific criteria to diagnose HIT after CPB-assisted surgery.’
They focused on the changes in daily platelet numbers after
surgery concomitantly with CPB duration time. Selleng et al
also suggested that a platelet count drop of >50% between 5
and 10 postoperative days would be one of the criteria of HIT in
place of early postoperative thrombocytopenia.'® These
approaches seem to be promising in comparison with simple
counting of the platelet numbers at the single, designated post-
operative day. However, patients in both studies received an
additional heparin treatment for 6 successive hours after the
surgery or until the start of oral anticoagulant. After CPB sur-
gery, heparin is used continuously only in specific and selected
cases in Japan. Therefore, we hypothesized that both the pre-
valence of HIT and its thrombotic event would be different in our
operating conditions from those in other countries, in addition to
the sequential numbers of platelets postoperatively.

In this study, thrombus was also detected mainly by sono-
graphy of veins in the lower extremities when clinical exam-
ination suggested its occurrence, because the most possible
sites of venous thrombus after surgery are around this area.
Furthermore, since thrombus formation in other areas could
not be excluded, we also examined p-dimer levels in order to
diagnose thrombosis serologically. We found no significant
difference between group AA(50) and group BB(50), except
for p-dimer levels at POD 14, as shown in Table 3. However,
thrombotic complications were not observed clinically in this
study group in 14 days after surgery. Recently, HIT was dis-
cussed in association with disseminated intravascular
coagulation (DIC)."® The elevated p-dimer in the patients in
SRA-positive group may suggest minute and subclinical throm-
bosis, which was not detected by sonography nor manifested
clinically. Although p-dimer was elevated in the SRA-positive
group, undetected thrombus does not support the administration
of additional anticoagulant. If we decided additional administra-
tion of heparin because of high levels of D-dimer at that situation,
our patients who are SRA-positive might have been at risk of
developing HIT. Elevation of p-dimer level in the SRA-positive
group without clinical thrombotic event should be emphasized,
because the relation between HIT and DIC could be a future
study, expecting to give another insight of such relation focusing
on the platelets.

Regarding possible causes of the discrepancies in SR values,
p-dimer levels, and thrombus formation, we considered that a
single use of heparin as shown in this study does not necessarily
lead to clinical manifestations of thrombus. In patients of this
study group, heparin was used only during the time of CPB. We
neutralized heparin immediately after the cessation of CPB,
and no additional heparin was administered for at least 14 days
after the operation. Heparin-induced thrombocytopenia anti-
body and its reaction occurred by an immunological reaction.
Repeated antigen stimulation would cause a more definite reac-
tion than single use.’ Therefore, avoiding additional heparin
use after cardiac surgery may also be an important factor for
prevention of HIT thrombosis.” Conversely, HIT thrombosis is
known to occur in patients, although heparin use is limited
during surgery. In the future, further study is needed to under-
stand the risk factors for developing thromboses with a single
use of heparin.

In conclusion, although the patients were positive in
platelet-activating HIT antibody assay, they remained free
from thrombosis and their platelet count recovered after CPB
surgery without specific treatment. Therefore, it is important
not only to perform the SRA but also to monitor platelet
counts after cardiac surgery, for the purpose of facilitating
the prediction of postoperative thrombotic complications by
HIT. Although the functional assays of platelets activated by
HIT antibody have been developing, monitoring platelet
count is still considered to be the indispensable factor for HIT
thrombosis after cardiac surgery, because such assays repre-
sented by SRA is too sensitive in the clinical condition at the
present time. Especially, the timing and the pattern of decline
of the platelet number should be carefully monitored to pre-
dict HIT occurrence.
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