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Abstract
Background: Heparin- induced thrombocytopenia (HIT) is an important adverse drug 
reaction that can occur postcardiac surgery. Preoperative exposure to unfraction-
ated heparin (UFH) is common, raising the issue of how frequently cardiac surgery- 
associated HIT occurs after immunizing preoperative exposure to heparin.
Objective: To determine the frequency and clinical picture of HIT occurring within 
4 days of cardiac surgery (early presentation) versus later presentations (typical, 
delayed).
Methods: We identified patients with laboratory- confirmed HIT following cardiac 
surgery over 30 years in a single cardiac surgery center. Three different clinical pres-
entations of HIT were identified: typical (HIT- related platelet count fall beginning 
between postoperative days [PODs] 5– 10), delayed (patients with falls after POD10 
or who presented following hospital discharge), and early (established before POD5, 
including during cardiac surgery [acute intraoperative HIT]).
Results: Of 129 patients identified with HIT complicating cardiac surgery, 100 had 
typical and 16 had delayed presentation of HIT; only 13 patients (10.1%) presented 
with early HIT, all of whom had received exposure to UFH during the 10 days before 
cardiac surgery. No patient was identified in whom remote preoperative UFH expo-
sure was implicated in explaining early HIT. Notably, five patients appeared to have 
had acute intraoperative HIT, without immediate adverse consequences.
Conclusions: Approximately 90% of patients with HIT after cardiac surgery appear to 
develop this complication due to immunization triggered by cardiac surgery; however, 
in approximately 10% of patients, early presentation during the first four PODs (or 
intraoperatively) can be explained by recent immunizing exposure to heparin.
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1  |  INTRODUC TION

Heparin- induced thrombocytopenia (HIT) is an immune reaction 
caused by platelet- activating antibodies that target the cationic pro-
tein, PF4, when its structure has been modified by heparin or other 
polyanions.1– 3 As a general rule, there is a minimum interval of 5 days 
between the administration of an immunizing heparin exposure and 
the beginning of the HIT- related platelet count fall, which reflects the 
minimum time needed to form clinically significant levels of heparin- 
dependent platelet- activating antibodies.4– 7 Moreover, HIT represents 
a “point immunization” event because most HIT- related platelet count 
falls occur in a narrow window between days 5 and 10 postexposure 
(day 0 = day of immunizing heparin exposure), even in patients in whom 
heparin administration is continued beyond postoperative day (POD) 
10.8 This characteristic profile of HIT, known as typical (or typical- 
onset) HIT, has been incorporated into scoring systems for HIT.9,10

Pioneering studies of HIT following cardiac surgery by Pouplard 
and colleagues11– 14 and other investigators15– 17 are consistent 
with intraoperative exposure to heparin during cardiac surgery 
representing the typical day 0 immunizing event, as shown by the 
characteristic HIT- related platelet count fall that begins during the 
POD5– 10 window. Moreover, the oftentimes large (40%– 60%)18 
early postoperative platelet count fall (resulting from fluid admin-
istration with hemodilution, and platelet losses to the cardiopul-
monary bypass [CPB] device and wound hemostasis), with platelet 
count nadirs occurring on PODs 1– 3, followed by subsequent plate-
let count recovery, means that when HIT occurs postcardiac surgery, 
it usually exhibits a biphasic platelet count decline.6– 8,12– 15 Indeed, 
Pouplard and coworkers found that this biphasic platelet count de-
cline profile predicted for HIT with high specificity in postcardiac 
surgery patients.12

Another feature of cardiac surgery, in comparison with many 
other patient populations that develop HIT, is a high frequency of 
exposure to heparin before cardiac surgery, either many months or 
years before (remote exposure), or in the recent preoperative period, 
or both.6 This raises the possibility that in some patients the onset of 
HIT could be related to preoperative heparin exposure, rather than 
intraoperative or postoperative heparin administration.

In our current study, we wished to determine the various tem-
poral presentations of HIT following cardiac surgery. In particular, 
we aimed to ascertain the proportion of patients who developed the 
typical picture of HIT (i.e., platelet count fall beginning during the 
POD5– 10 window), as well as patients who developed HIT before 
and after this typical time period. Moreover, among patients who 
exhibited an early presentation of HIT (i.e., POD4 or sooner), we 
sought to identify the occurrence and timing of preoperative hep-
arin exposure, and if present, to determine whether it was remote 
(more than 100 days ago), recent (10– 100 days) or in the immediate 
preoperative period (within 10 days presurgery). Finally, because our 
study provided a relatively large number of patients with laboratory- 
documented HIT in one cardiac surgical center, it provided an oppor-
tunity to characterize the clinical picture of HIT in the postcardiac 
surgery patient population.

2  |  PATIENTS AND METHODS

We performed a retrospective observational cohort study of pa-
tients identified as having postcardiac surgery HIT, from July 1, 
1990, until December 31, 2021, based on: (1) positive testing by 
the serotonin- release assay (SRA; a test for platelet- activating an-
tibodies)19,20; (2) positive testing by at least one PF4- dependent 
enzyme- immunoassay (EIA; test for anti- PF4/heparin antibodies); 
and (3) preceding cardiac surgery involving CPB performed at the 
Hamilton General Hospital (regional cardiac surgery center) (Study 
Flow Diagram, Figure 1). We used an in- house immunoglobulin G 
(IgG)- specific EIA21 and a polyspecific commercial anti- PF4/poly-
vinyl sulfonate EIA (PF4 Enhanced, Immucor, Dartmouth, Nova 
Scotia).22,23 Moreover, all patients were judged by the primary clini-
cal investigator (T.E.W.) to have a clinical picture at least plausibly 
explained by HIT (generally, a platelet count fall bearing a temporal 
relationship to heparin administration, and without a more plausible 
clinical explanation [i.e., a 4Ts score of at least 4 points]).9 We made 
a single exception to include a patient who tested repeatedly SRA- 
negative but who was previously judged to have had probable HIT24 
based on high clinical probability for HIT (per 4Ts), three strong posi-
tive PF4- dependent EIAs (the previously mentioned two EIAs), plus 
a commercial IgG- specific EIA (PF4 IgG assay, Immucor),23 as well 
as positive results in two rapid immunoassays (latex immunoturbidi-
metric assay,25 chemiluminescence immunoassay26). This exception 
was made to maintain consistency between this report and others 
from our center listing cases with a probable diagnosis of HIT post-
cardiac surgery.

The study was approved by the Hamilton Integrated Research 
Ethics Board (Project #11374).

2.1  |  Data collection and descriptive analyses

Data were systematically collected, including platelet counts (pre-
surgery baseline, early postoperative nadir [lowest on POD1- 3], pre- 
HIT platelet count peak, HIT- related platelet count nadir), heparin 
exposures (including preoperative heparin exposures), objectively 
documented thrombotic events, survival to discharge (or trans-
fer to another institution), limb amputation (or limb amputation 

Essentials

• Timing of HIT postcardiac surgery could be influenced 
by preoperative heparin exposure.

• We found that 13/129 (10.1%) of HIT cases occurred 
within the first 4 days postcardiac surgery.

• All 13 patients with early- onset HIT had received hepa-
rin during the 10- day period pre- surgery.

• Very recent preoperative heparin exposure can explain 
early- onset HIT postcardiac surgery.
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F I G U R E  1  Study flow diagram. From an initial log of 12 129 blood samples investigated for HIT from four Hamilton hospitals, 129 
postcardiac surgery patients from a single center were identified with likely HIT. Abbreviations: CPB, cardiopulmonary bypass (heart 
surgery); HIT, heparin- induced thrombocytopenia; SRA, serotonin- release assay.
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inevitability among patients who died with severe limb necrosis), 
and death. Thrombotic events were classified as arterial, venous, 
or microvascular (venous limb gangrene; warfarin- associated skin 
necrosis complicating HIT). Miscellaneous HIT- associated events 
included postbolus anaphylactoid reactions27 and necrotizing and 
nonnecrotizing skin lesions at heparin injection sites.28

Patients underwent daily platelet count monitoring until discharge 
from hospital; this made it relatively straightforward to determine the 

POD onset of the HIT- related platelet count fall. Heparin thrombopro-
phylaxis was routinely administered to our postcardiac surgery patient 
population, although the specific regimen changed over time, as fol-
lows: unfractionated heparin (UFH) every 8 h by subcutaneous (SC) in-
jection (1990– 1995); UFH every 12 h by SC injection (1996– 2010); and 
then the low molecular weight heparin (LMWH), dalteparin, 5000 U 
every 12 h by SC injection (first postoperative dalteparin dose, 2500 U; 
subsequent doses, 5000 U) (2011– present).

F I G U R E  2  Three different temporal presentations of HIT postcardiac surgery. (A) Typical- onset HIT postcardiac surgery: This 
68- year- old female developed HIT beginning on POD6 following coronary artery bypass (CABG) surgery while receiving routine UFH 
thromboprophylaxis. No anticoagulant treatment for HIT was given, as this case dates from 1992 (before recognition that “isolated HIT” 
should receive anticoagulant therapy in most situations). The patient died of pulmonary embolism (PE) on POD15 (proven at postmortem 
examination). (B) Late presentation of HIT postcardiac surgery: This 63- year- old male was discharged to home following uneventful CABG. 
He developed symptoms of PE and DVT on POD14 (platelet count 391 × 109/L). Rapid- onset HIT was diagnosed after the platelet count 
abruptly fell to 68 × 109/L after administration of therapeutic- dose UFH. (C) Early presentation of HIT postcardiac surgery: This 65- year- 
old female underwent heart catheterization 10 days before heart surgery (Bentall procedure for sinus of Valsalva aneurysm); there was no 
other known prior heparin exposure. HIT was diagnosed on POD4 based on a rapid decline in platelet count (from 78 to 31 × 109/L) upon 
starting UFH thromboprophylaxis postsurgery. It was inferred that the patient had likely developed acute intraoperative HIT, based upon the 
following four considerations: (1) heparin exposure 10 days before cardiac surgery (i.e., sufficient time to form high levels of platelet- activating 
HIT antibodies [i.e., the presumed immunizing heparin exposure]); (2) marked intraoperative platelet count nadir (33 × 109/L) following 
intraoperative exposure to 29 000 U of UFH; (3) rapid fall in platelet count during the early postoperative period; and (4) strong positive 
test for HIT antibodies on blood sample obtained on POD4 (i.e., too soon to be explained by heart surgery as representing the immunizing 
heparin exposure). Abbreviations: CABG, coronary artery bypass surgery; DVT, deep venous thrombosis; EIA- GAM, enzyme- immunoassay 
(detecting IgG, IgA, and/or IgM antibodies); HIT, heparin- induced thrombocytopenia; IV, intravenous; NA, not available; OD, optical density; 
PE, pulmonary embolism; POD, postoperative day; SC, subcutaneous; SRA, serotonin- release assay; U, units; UFH, unfractionated heparin.
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We classified the temporal presentation of HIT as follows. Typical 
HIT was defined as onset of the HIT- related platelet count fall between 
PODs 5 and 10 (inclusive)4; in all cases, this represented a second 
platelet count fall, thus exhibiting the characteristic biphasic platelet 
count profile described in the literature.6– 8,12– 15 Late (or delayed) pre-
sentation of HIT was defined as patients who presented with HIT fol-
lowing hospital discharge, or patients whose HIT occurred during the 
same hospitalization for heart surgery but only after POD10. Among 
patients with late presentation of HIT, some manifested abrupt plate-
let count declines upon restarting heparin— classified as “rapid- onset 
HIT”4— whereas others that presented following discharge with throm-
bocytopenia and thrombosis and whose SRA yielded strong heparin- 
independent serotonin- release, were classified as “autoimmune HIT” 
(aHIT).29,30 Early presentation of HIT (or early- onset HIT) was defined 
as those patients in whom onset of HIT during the early postoperative 
period (up to POD4) could be clearly identified.

For all study patients, we identified presurgery heparin expo-
sures, with particular focus on patients with early- onset HIT, given 
that preoperative heparin exposure could be crucial in explaining 
the atypical clinical presentation. Results of HIT antibody testing, in-
cluding from preoperative samples (when available), were also used 
to help establish early- onset HIT.

2.2  |  Consideration regarding duplicate reporting

The authors have had a longstanding interest in HIT and consequently 
some of the individual postcardiac surgery HIT patients have been 
previously reported,31– 48 or included as data points in (noncardiac 
surgery focused) retrospective44,49,50 or prospective51 HIT studies. 
The relevant data from these patient cases needed to be included 
in this report so that the full spectrum of postcardiac surgery HIT 
at our cardiac surgery center, over the approximate 3- decade time 
span, could be determined. However, to avoid duplicate reporting of 
individual cases, we ensured that none of the seven representative 
cases described in detail in this current study have previously been 
reported. Further, when patient- specific data are shown, any cases 
previously reported are clearly indicated as such (with the published 
reference given) in the corresponding tables.

2.3  |  Data analysis and statistics

Descriptive data included means (± standard deviation) and medi-
ans (with interquartile range [IQR]). Unpaired Student t tests were 
applied to compare variables with normal distributions. Analysis of 
variance was used to compare data from multiple groups.

For determining the ratio of venous:arterial (V:A) thrombosis, we 
considered each patient to contribute a maximum of 1 venous or ar-
terial thrombotic event, irrespective of how many venous or arterial 
thrombi they developed; for the minority of patients who developed 
both venous and arterial thrombotic events associated with HIT, we 
ascribed a value of 0.5 each to venous and to arterial thrombosis. To 

illustrate, if among eight patients with HIT, five patients had venous 
thrombosis, one patient had arterial thrombosis, and two patients 
had both venous and arterial thrombosis, the V:A ratio would have 
been calculated as 5 + (0.5 × 2):1 + (0.5 × 2) = 6:2 = 3.

3  |  RESULTS

3.1  |  First three cases: Three different temporal 
presentations of postcardiac surgery HIT

The first three postcardiac surgery patients identified during the 
study time frame were diagnosed in 1992 (Figure 2); each patient 
case represented one of the three different clinical presentations 
of HIT. Figure 2A illustrates the profile of typical HIT, with the pa-
tient's platelet count fall beginning on POD6 (see blue arrow) while 
receiving UFH thromboprophylaxis. This patient died of pulmonary 
embolism (PE) on POD15 following hospital discharge. Of note, this 
patient represents a historically significant case because this fatal 
HIT outcome triggered a study52 investigating the natural history of 
isolated HIT (i.e., HIT recognized because of an unexpected platelet 
count fall rather than because of thrombosis that draws attention 
to thrombocytopenia). The results of this study,52 which identi-
fied a high frequency of thrombosis in patients with isolated HIT 
(~50%)— including a ~5% frequency of sudden death— helped inform 
later HIT treatment guidelines recommending therapeutic- dose an-
ticoagulation for treatment of isolated HIT.53

Figure 2B illustrates a late (delayed) presentation following hos-
pital discharge, with HIT recognized after UFH was given on POD14 
for PE, which triggered rapid- onset HIT (see blue arrow); this patient 
was also shown to have lower- limb deep vein thrombosis (DVT).

Figure 2C illustrates an early presentation of HIT, which was con-
firmed by strong- positive SRA with POD4 blood sample. Case analysis— 
including the observation that the sole prior heparin exposure had 
occurred 10 days before surgery at heart catheterization (i.e., sufficient 
time for HIT antibodies to be generated by the time of surgery)— plus 
the marked intraoperative thrombocytopenia (33 × 109/L) and early 
severe postoperative thrombocytopenia (31 × 109/L)— permitted us to 
infer that acute intraoperative HIT had likely occurred. Moreover, this 
case of early HIT prompted the primary author (T.E.W.) subsequently 
to obtain wherever possible earlier blood samples in subsequent cases 
of early presentation of HIT to help establish a diagnosis of acute intra-
operative HIT. This approach is discussed further in Section 3.6. Both 
patients shown in Figure 2B,C were treated with the defibrinogenating 
agent, ancrod54 (no longer used to treat HIT).

3.2  |  Clinical picture of postcardiac surgery HIT: 
Overall patient population

We identified 129 patients diagnosed with postcardiac surgery HIT. 
Typical HIT represented the most common clinical presentation 
(n = 100 cases). Early and late presentations of HIT were seen in 13 
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TA B L E  1  Clinical and laboratory characteristics of 129 patients with HIT postcardiac surgery

All patients 
(N = 129) Typical (n = 100) Early (n = 13) Late (n = 16)

Male:female 72:57 52:48 8:5 12:4

Age (mean, SD) 69.5 (8.7) 70.6 (8.7) 64.8 (8.3) 67.1 (6.8)

Coronary artery bypass grafting (CABG) 68 56 6 6

CABG and valve and/or aortic arch surgery 34 24 2 8

Valve and/or aortic arch surgery (no CABG) 26 20 4 2

Other (myxoma resection) 1 0 1 0

Any preoperative exposure to heparin 118 (91%) 91 (91%)a 13 (100%) 14 (88%)b

Serotonin- release (maximum) with heparin, median 
(IQR)

95.0 (89.0, 100.0) 94.0 (88.0, 99.3) 99.0 (98.0, 100.0) 97.5 (85.3, 100.0)

EIA- IgGAM OD values, median (IQR) 2.66 (2.12, 2.84) 2.68 (2.19, 2.85) 2.78 (2.46, 2.84) 2.35 (1.73, 2.75)

EIA- IgG OD values, median (IQR) 2.25 (1.73, 2.60) 2.26 (1.77, 2.61) 2.38 (1.80, 2.64) 2.23 (1.32, 2.52)

Percent platelet count fall (median) 64.4 64.1 60.3 69.2

Platelet count nadir, median (IQR) 68 (40– 88) 68 (45– 88) 44 (28– 68) 72 (40– 100)

Any HIT- related clinical eventc (%) 82 (64) 60 (60) 8 (62) 14 (88)

Any thrombosis 77 58 8 11

Venous thrombosis (number with PE) 57 (22) 46d (16) 4 (0) 7 (6)

Arterial thrombosis 16 8e 4 4

Both venous and arterial thrombosis 4 4f 0 0

None of the three previous categories 52 42 5 5

Microvascular 7 6g 1 0

Miscellaneous 8 3h 0 5i

Amputation 6 4j 1k 1l

Death 17 13m 3n 1o

Note: The footnotes provide additional clinical information, as well as providing citations for previously published cases.31– 43

Abbreviations: DIC, disseminated intravascular coagulation; DVT, deep- vein thrombosis; EIA, enzyme immunoassay; HIT, heparin- induced 
thrombocytopenia; IQR, interquartile range; LMWH, low molecular weight heparin; OD, optical density; PE, pulmonary embolism; POD, 
postoperative day; SPG, symmetrical peripheral gangrene; UFH, unfractionated heparin.
aNine patients had no previous history of heparin exposure before emergency cardiac surgery (acute aortic dissection, n = 4; acute myocardial 
infarction with shock, n = 2; and three with acute complications during heart catheterization [e.g., coronary artery dissection, n = 3]).
bTwo patients had no previous history of heparin exposure (acute aortic dissection, n = 1; acute cardiogenic shock, n = 1).
cIncludes at least one: confirmed thrombosis (venous, arterial, or both; note— all patients with microvascular thrombosis had at least one 
macrovascular venous or arterial thrombosis), anaphylactoid reaction after intravenous heparin bolus or subcutaneous LMWH injection; filter 
clotting (hemodialysis); or nonnecrotizing skin lesions at heparin injection sites (no necrotizing skin lesions were noted in this study).
dVenous thrombotic events were predominantly DVT (10 patients with unilateral lower limb DVT alone; one patient previously reported in detail31), 
eight patients with unilateral lower limb DVT plus PE, six patients with bilateral lower- limb DVT (one of whom also with PE, and two of whom also 
had unilateral upper limb DVT), six patients with unilateral upper limb DVT (one patient previously reported32), three patients with bilateral upper 
limb DVT, one patient with unilateral lower limb DVT and unilateral upper limb DVT, one patient with bilateral upper limb DVT and unilateral lower 
limb DVT and PE, and six patients with PE who did not have documented DVT; patients with other types of thrombi included two patients with 
atrial thrombosis, one patient with adrenal hemorrhagic infarction presumed to have adrenal vein thrombosis (patient included in three previous 
reports33– 35), and two patients with bowel ischemia secondary to mesenteric vein thrombosis.
eArterial thrombotic events include five patients with thrombotic stroke, two patients with limb artery thrombosis (one patient reported 
previously36), and one patient with fulminant clinical course with multiarterial thrombosis.
fFour patients had both venous and arterial thrombosis, including two patients with unilateral lower limb DVT and thrombotic stroke, one patient 
with unilateral lower and upper limb DVTs plus thrombotic stroke, and one patient with upper limb DVT and thrombotic stroke.
gIncludes the following events: (1) concomitant warfarin- induced skin necrosis (in the setting of HIT- associated DVT; n = 1); (2) warfarin- induced 
multiple upper and lower limb digit ischemic necrosis in the setting of HIT- associated DVT (n = 1; previously reported37); (3) venous limb gangrene 
in associated with HIT- associated DVT (n = 2; both patients previously reported38,39); (4) diffuse multiextremity microvascular thrombosis without 
limb gangrene in patients with at least one macrothrombosis; n = 2; one patient with a platelet count nadir of 2 × 109/L was previously reported40; all 
six of the aforementioned patients are included in one of the preceding categories, “Venous thrombosis,” “Arterial thrombosis,” or “Both venous and 
arterial thrombosis.” This category excludes one patient with postcardiac surgery shock- associated (non- HIT) DIC complicated by SPG for which UFH 
was given where no definite thrombotic events occurred during subsequent development of HIT (the SPG was established prior to development of 
HIT).
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and 16 patients, respectively. Table 1 summarizes data for the over-
all 129 patient population, as well as breaking down the data for the 
three different temporal presentations.

The majority of patients (82/129; 63.6%) developed one or more 
HIT- related clinically evident complications, most frequently, throm-
bosis (n = 77 [59.7%] patients had one or more thrombotic events). 
The overall ratio of V:A thrombosis was 59:18 (i.e., approximately 
3:1). Twenty patients (15.5%) developed arterial thrombosis; the 
most common arterial thrombotic event was stroke, which occurred 
in 14 patients. Consistent with overall venous thrombosis predom-
inance, we observed that there were more patients who developed 
PE versus patients who developed any arterial thrombotic event (22 
patients vs. 20 patients, respectively).

For eight patients, miscellaneous complications of HIT were 
observed, most notably acute anaphylactoid reactions (post- UFH 
bolus, n = 4; post- SC LMWH injection, n = 1), but also nonnecrotiz-
ing skin lesions at heparin injection sites (n = 2) and recurrent filter 
thrombosis during hemodialysis (n = 1).

The median HIT- related platelet count nadir for the 129 patients 
was 68 × 109/L; the median platelet count fall was 64.4% (defined 
as percent platelet count fall from the postoperative peak plate-
let count). The lower median platelet count nadir (44 × 109/L; IQR, 
28– 68; range, 16– 84) for patients with early presentation of HIT 
reflects HIT coinciding with (expected) early postcardiac surgery 
thrombocytopenia.

3.3  |  Clinical picture of typical HIT

We identified 100 patients, representing 77.5% of the overall patient 
population, with a typical presentation of HIT. Figure 3 summarizes 
these 100 patients.

Figure 3A shows the platelet count distributions for the 100 pa-
tients with typical presentation of HIT, for four time points: preopera-
tive baseline, early postoperative platelet count nadir (lowest platelet 
count on PODs 1– 3, inclusive), postoperative peak platelet count (i.e., 
the highest platelet count that immediately preceded the HIT- related 
platelet count fall), and the platelet count nadir attributable to HIT. 

The data show a substantial early platelet count fall (~54%, from pre-
operative median of 232 to 107 × 109/L). Subsequently, there was 
a substantial increase in platelet count, to a median of 185 × 109/L. 
Thereafter, a substantial fall in platelet count occurred in association 
with HIT to median nadir value of 68 × 109/L. The figure clearly shows 
the biphasic platelet count pattern characteristic of typical HIT.

Figure 3B shows the distribution of the HIT- associated rela-
tive platelet count fall, expressed as per cent platelet count de-
cline from the postoperative peak platelet count. Most patients 
(76/100 [76%]) developed at least a 50% or greater decline in the 
platelet count, with all but one of the remaining 24 patients exhib-
iting a 30.0% to 49.9% decrease in the platelet count. The major-
ity of patients developed HIT- associated thrombosis, most often 
venous thrombosis (predominantly, PE and/or DVT), with a V:A 
thrombosis ratio of 48:10.

HIT- related platelet count falls typically evolved relatively 
quickly: among the 76 patients with typical HIT who exhibited a 
>50% decline in the platelet count, once the initial platelet count fall 
had begun, it took only an additional 2 days (median; IQR, 1– 2.25) to 
reach the 50% decline threshold.

Figure 3C shows the distribution of day of onset of HIT: the median 
day of onset was POD7. Interestingly, there was a trend to a higher fre-
quency of thrombosis with a later day of onset of HIT: the frequency of 
thrombosis was 31.6% for patients with onset of HIT on POD5, versus 
a frequency of 58.9% for patients with onset of HIT on either POD6 or 
POD7, and a frequency of 76% for patients with onset of HIT on POD8 
or later. The median platelet count decrease was similar between the 
58 patients with HIT- associated thrombosis versus the 42 patients 
without HIT- associated thrombosis (67.8% vs. 59.8%; p = .11).

We evaluated whether there were any differences between pre-
operative platelet count, early postoperative platelet count nadir 
(PODs 1– 3), postoperative peak platelet count (pre- HIT), and HIT- 
associated platelet count nadir, between the 58 patients with HIT- 
associated thrombosis versus the 42 patients without HIT- associated 
thrombosis. No significant differences were observed between the 
two groups in any of these parameters (data not shown).

Figure 3D shows the distribution of the HIT- related platelet 
count nadir values for the 100 patients with typical HIT. Thrombotic 

hIncludes: (1) one patient who developed acute anaphylactoid reaction after IV bolus heparin (POD9) who did not have documented thrombosis 
(described in a previous report41); (2) one patient who had nonnecrotizing skin lesions at UFH injection sites (who also had PE; described in a previous 
report42); and (3) one patient who developed repeated filter thrombosis during continuous renal replacement therapy (not included as either venous 
or arterial thrombosis).
iIncludes three patients with post- IV UFH bolus anaphylactoid reaction (1 with VTE), 1 patient with post- SC LMWH anaphylactoid reaction (with 
VTE, previously reported43), and one patient with nonnecrotizing skin lesions at heparin injection sites (no venous or arterial thrombosis).
jIncludes: limb loss secondary to limb artery thrombosis (n = 1), multidigit necrosis secondary to warfarin- induced microthrombosis complicating HIT 
(n = 1),37 symmetrical peripheral gangrene in patient who had combination of sepsis and HIT (n = 1); and multilimb venous limb gangrene associated 
with severe HIT- associated DIC (n = 1).
kMultilimb venous limb gangrene associated with severe HIT- associated DIC (n = 1).
lAbove- elbow amputation following limb artery thrombosis; HIT diagnosed after rapid- onset HIT occurred on POD13 when heparin was given to 
treat acute limb ischemia.39

mHIT caused or contributed significantly to death in seven of the 13 patients, including: fatal PE (n = 1); bowel infarction (n = 1); thrombotic stroke 
(n = 3), fulminant clinical course with multiple life- threatening thrombotic events (n = 2).
nHIT caused or contributed significantly to death in all three patients, including: thrombotic stroke, multilimb venous limb gangrene, and fulminant 
clinical course with multiple life- threatening thrombotic events (n = 1).
oHIT contributed to death through thrombotic stroke (n = 1).
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events were evenly distributed across the range of platelet count 
nadirs. However, neither of the two patients with a platelet count 
nadir of >200 × 109/L developed thrombosis. Interestingly, one pa-
tient had a Jak2- positive myeloproliferative disorder (MPD); HIT was 
recognized when the postoperative platelet count fell, beginning on 
POD6, from 774 to 362 × 109/L (53.2% fall).

3.4  |  Previous heparin exposure does not affect 
timing of onset of typical HIT

Among the 100 patients with typical HIT, we investigated whether 
there was any association between the timing of onset of HIT with 

preoperative heparin exposure. For the nine patients without known 
prior exposure to heparin (i.e., emergency cardiac surgical proce-
dures), the median (IQR) POD of onset of HIT was day 7 (6– 8); for 
the 18 patients with remote preoperative heparin exposure more 
than 100 days ago (but not more recent), the corresponding values 
were 7 (6, 7); for the 30 patients with previous heparin exposure 
more than 10 days before surgery (including patients who also had 
remote heparin exposure >100 days before)— but not within the 
preceding 10 days— the corresponding data were 6 (6, 7); finally, for 
the 43 patients who received heparin in the 10 days before surgery 
(regardless of whether they had received heparin before that), the 
median onset of HIT was 7 (6– 8). No significant differences were 
seen among these 4 groups (f- ratio, 0.85; p = .47).

F I G U R E  3  Clinical and laboratory picture of typical HIT postcardiac surgery. (A) Platelet count distributions at four time points: 
Preoperative (preop), nadir (POD1- 3), postoperative peak (i.e., pre- HIT), nadir (HIT). The data are shown as median, IQR (Q1- Q3), minimum 
(lowest platelet count value observed within the lower boundary of 1.5 times the IQR below the Q1 data point), and maximum (which refers 
to the highest platelet count value within the boundary of 1.5 times the IQR above the Q3 data point); note that there were several outlier 
platelet count values above the maximum value (outlier data points are indicated in the graph). The data show the characteristic biphasic 
platelet count decline: the initial early postoperative (postop) platelet count fall, followed by the HIT- related platelet count fall, shown by 
the respective arrows. (B) Distribution of relative platelet count declines. The numbers of patients exhibiting various degrees of relative 
platelet count decline (expressed as percent platelet count fall from the postoperative peak platelet count) is shown. The shading indicates 
the numbers of patients with venous, arterial, or both venous/arterial thromboses. (C) Distribution of POD of HIT onset. The median day 
of onset of HIT was POD7. The gray shading indicates the numbers of patients who developed HIT- related thrombosis. (D) Distribution of 
HIT- related platelet count nadirs. The gray shading indicates the numbers of patients who developed HIT- related thrombosis. The median 
platelet count nadir of HIT was 68 × 109/L. Abbreviations: HIT, heparin- induced thrombocytopenia.
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Only one of the 129 study patients had a previous remote his-
tory of HIT; this patient developed typical- onset HIT while receiv-
ing fondaparinux thromboprophylaxis postcardiac surgery, which 
was given because of previous HIT complicating cardiac surgery 
performed 11 years earlier at another surgical center (previously re-
ported in a study31 describing repeat heparin exposure in patients 
with a previous history of HIT). Of note, both episodes of postcar-
diac surgery HIT began on POD7, illustrating well that history of 
heparin exposure (and— in this case— a previous episode of HIT itself) 
does not influence timing of subsequent HIT.

3.5  |  Clinical picture of late (delayed) 
presentation of HIT

We identified 16 patients, representing 12.4% of the overall HIT pop-
ulation, who had late presentations of HIT (after POD10). These 16 

patients comprised three subgroups: patients who presented follow-
ing discharge with thrombosis and thrombocytopenia (n = 3); patients 
who presented postdischarge with a normal platelet count but who 
developed an abrupt platelet count fall when heparin was restarted 
(rapid- onset HIT; n = 8); and patients who developed HIT during their 
initial hospitalization, but only after POD10, usually as a result of re-
sumption of heparin administration later during hospitalization (often 
by intravenous heparin bolus), with the clinical picture of rapid- onset 
HIT (n = 5). These 16 patients are summarized in Table 2.

For the first three patients listed in Table 2, the clinical picture 
was consistent with “delayed- onset HIT” (i.e., presenting several 
days after last exposure to heparin), an entity classified as an aHIT 
disorder.29,30,34 Consistent with this clinical picture was the obser-
vation that all three patients' serum caused >80% serotonin release 
even in the absence of heparin.

As noted, for the remaining 13 patients, all had the clinical pic-
ture of rapid- onset HIT beginning after POD10 (i.e., an abrupt drop 

TA B L E  2  Sixteen patients with delayed presentation of HIT

Age/sex POD presentation Events Ref

Readmitted after hospital discharge with thrombocytopenia and thrombosis (autoimmune HITa)

61F POD10 PE, DVT (lower limb) on POD10; platelet count = 11; last heparin exposure 
(postoperative UFH thromboprophylaxis), 4 days previous

61F POD13 Saddle PE, DVT (lower and upper limb) on POD13; platelet count = 30; last heparin 
exposure (LMWH thromboprophylaxis), 6 days previous

69F POD30 PE on POD30; platelet count = 72; last heparin exposure (LMWH thromboprophylaxis), 
25 days previous

[44]

Readmitted after hospital discharge: platelet count >100 but rapid- onset HIT on heparin restart

63M POD13 PE, DVT (lower limb); ASR- post UFH bolus (plt 391→68) Figure 2B

64M POD19 DVT (lower limb), PE; plt 302→144 on restarting UFH

66F POD31 Readmission for sternal wound infection; ASR after accidental 50 000 U UFH bolusb (plt 
270→32)

[45]

68M POD12 Readmission (abdominal pain); plt 172→95 on UFH restart

66M POD65 DVT (lower limb); ASR post- LMWH injection (plt 179→76) [43]

62M POD16 DVT (lower limb), PE; plt 237→82 on SC therapeutic- dose LMWH (dalteparin)

68M POD11 Readmission (mediastinitis); plt 113→42 on SC LMWH (dalteparin) 5000 U q12h restart; 
no apparent HIT- related complicationsc

80M POD13 Readmission (thrombotic stroke); plt 165→36 with IV UFH

Index hospitalization: rapid HIT (after POD10) following UFH resumption or dose escalation

65M POD11 ASR post- UFH bolus; plt 311→193 [46]

65M POD12 Stroke (POD7); plt 154→47 with IV UFH

57M POD11 Stroke (POD11); plt 318→113 with IV UFH to treat stroke

78M POD16 Nonnecrotizing skin lesions at UFH injection sites; plt 381→235 with LMWH (dalteparin) 
for atrial fibrillation

80M POD13 Radial artery thrombosis; plt 193→78 when IV UFH given to treat thrombosis; below- 
elbow amputation

Abbreviations: ASR, acute systemic (anaphylactoid) reaction; DVT, deep vein thrombosis; F, female; HIT, heparin- induced thrombocytopenia; LMWH, 
low molecular weight heparin; M, male; PE, pulmonary embolism; plt, platelet count; POD, postoperative day; UFH, unfractionated heparin.
aThe three patients who were readmitted with thrombocytopenia and thrombosis were diagnosed with autoimmune HIT (delayed- onset HIT) based 
on thrombocytopenia and thrombosis more than 5 days after last exposure to heparin plus strong heparin- independent platelet activation (>80% 
serotonin- release at 0 U/ml heparin).
bPatient received 50 000 U of UFH rather than the intended 50 U UFH line “flush.”
cThe patient's mild thrombocytopenia (plt = 113) on readmission was attributed to “mediastinitis”; however, the SRA showed substantial heparin- 
independent serotonin- release (77%), consistent with a potential diagnosis of aHIT (with rapid- onset HIT on restarting heparin).
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in platelet count upon restarting or increasing the dose of heparin), 
usually because of occurrence of thrombosis (n = 8). As expected, 
all 13 patients with rapid- onset HIT had a history of recent heparin 
exposure (within the preceding 10-  to 100- day period); by way of 
comparison, for the 100 patients with typical- onset HIT postcardiac 
surgery, only 30 (30.0%) patients had a similar recent preoperative 
heparin exposure (13/13 vs. 30/100; p < .001).

3.6  |  Clinical picture of early presentation of HIT, 
including acute intraoperative HIT

We identified 13 patients in whom HIT was recognized within the 
first four PODs (Table 3). Interestingly, for five of these patients (the 
first five patients listed in Table 3), it appeared that the patients had 
also developed acute intraoperative HIT. For three of these patients, 
presence of platelet- activating antibodies at the time of surgery was 
proven; for the other two patients, heart surgery was performed 9 
and 10 days after recent preceding heparin exposure (i.e., sufficient 
time to form platelet- activating antibodies), and together with the 
development of abrupt platelet count decrease on heparin restart in 
the early postoperative period, it could be logically inferred that HIT 
antibodies were likely present at the time of cardiac surgery.

For the five patients who appeared to have had acute intraop-
erative HIT, only one patient had any unexpected intraoperative 

or immediate postoperative abnormality, and that was occurrence 
of “platelet clumping in the bypass” (per the operative note). None 
of the five patients developed an intraoperative clinically evident 
thrombotic or other untoward event. The recognition of acute intra-
operative HIT occurred only when subsequent postcardiac surgery 
platelet count declines led to the diagnosis of early presentation of 
HIT, and where subsequent case analysis and (in three cases) avail-
ability of earlier blood samples resulted in establishing that acute 
intraoperative HIT had likely occurred.

Figures 2C and 4A,B show the clinical and platelet count pro-
files for three of the patients with acute intraoperative HIT (de-
tailed accounts of the remaining two patients have been reported 
previously47,48). For the patient shown in Figure 4A, a blood sample 
available from the day before heart surgery showed presence of 
heparin- dependent platelet- activating antibodies. Further, the plate-
let count decline from 192 to 161 × 109/L immediately before cardiac 
surgery, which began on day 7 following initiation of therapeutic- 
dose LMWH, suggests that the patient may have been in the early 
stages of HIT when cardiac surgery was performed.

For the patient shown in Figure 4B, the 45.9% platelet count 
fall from 307 to 166 × 109/L beginning approximately 1 week into 
a course of UFH followed by LMWH (dalteparin), in addition to the 
strong positive test for platelet- activating antibodies (100% sero-
tonin release) from a blood sample available from the day of surgery, 
suggests that the patient may have had unrecognized HIT for several 

TA B L E  3  Patients with early postoperative HIT (including acute intraoperative HIT)

Age/sex
POD onset of HIT (days [d] after 
heparin)

Events, including platelet count nadir (if not already shown in 
figure) Ref

Acute intraoperative HIT (n = 5)

65F 0 (10 d after heart catheterization) No intraoperative complications; DVT (lower limb) on POD7 Figure 2C

46M 0 (7 d after LMWH) No intra- /postoperative thrombotic complications Figure 4A

68M 0 (UFH and LMWH in preceding 
3 weeks)

No intra- /postoperative thrombotic complications; patient 
appears to have had unrecognized HIT at time of cardiac 
surgery

Figure 4B

67F 0 (6 d after UFH) No intraoperative complications; later, developed overt DIC with 
small upper limb (right internal jugular) DVT identified on 
POD8; plt nadir = 28

[47]

77M 0 (9 d after UFH) No intra- /postoperative thrombotic complications; “platelet 
clumping on the oxygenator”; plt nadir = 28 (POD7)

[48]

Early postoperative HIT (before POD4)

68M 2 (8 d after UFH) No thrombotic events; plt nadir = 68

71M 2 (6 d after UFH) Bowel infarction (mesenteric vein); bilateral lower limb DVT Figure 5A

62M 2 (7 d after UFH) Postoperative thrombotic stroke (POD2); plt nadir = 72

61F 4 (8 d after UFH) Postoperative thrombotic stroke; plt nadir = 80

66F 3 (6 d after UFH) Multiple DVTs (upper- limb and bilateral lower limb); venous limb 
gangrene; plt nadir = 16

[38]

76M 3 (6 d after UFH) Left ventricle apex thrombosis; plt nadir = 65

58M 4 (7 d after UFH) Multiple arterial thrombosis/fulminant course (death) Figure 5B

57F 3 (7 d after UFH) No thrombotic events; plt nadir = 84

Abbreviations: DIC, disseminated intravascular coagulation; DVT, deep venous thrombosis; F, female; HIT, heparin- induced thrombocytopenia; 
LMWH, low molecular weight heparin; M, male; plt, platelet count; POD, postoperative day; UFH, unfractionated heparin.



    |  2611WARKENTIN et al.

F I G U R E  4  Two patients with acute intraoperative HIT. (A) This 46- year- old male with acute intraoperative HIT may have been in the 
early stage of HIT at the time of heart surgery based upon the platelet count fall from 192 to 161 × 109/L immediately before heart surgery, 
which occurred on day 7 following initiation of therapeutic- dose LMWH (enoxaparin); HIT was not clinically suspected at this time. HIT was 
diagnosed when an unexpected platelet count decline to 55 × 109/L occurred on POD2, with repeat value of 54 × 109/L (nadir; POD3), after 
starting postoperative UFH (one dose) followed by LMWH, corroborated by positive testing for HIT antibodies. A preoperative sample was 
identified, which confirmed presence of HIT antibodies prior to cardiac surgery. No HIT- related thrombotic or other untoward events were 
identified. (B) This 68- year- old male may have had unrecognized HIT at the time of cardiac surgery, based on an otherwise unexplained 
decline in the platelet count from 307 to 166 × 109/L that occurred approximately 7– 10 days after starting intravenous therapeutic UFH. HIT 
was clinically suspected immediately following heart surgery based on a marked postoperative platelet count decline to 36 × 109/L (nadir), 
corroborated by positive testing for HIT antibodies. A preoperative sample was identified, which confirmed presence of HIT antibodies 
before cardiac surgery. No HIT- related thrombotic or other untoward events were identified. Abbreviations: AVR, aortic valve replacement; 
CABG, coronary artery bypass surgery; DVT, deep vein thrombosis; EIA, enzyme- immunoassay; GAM, immunoglobulin G/IgA/IgM; HIT, 
heparin- induced thrombocytopenia; INR, international normalized ratio; intraop, intraoperative; IV, intravenous; LMWH, low molecular 
weight heparin; NSTEMI, non- ST elevation myocardial infarction; OD, optical density; POD, postoperative day; q12h, every 12 h; SC, 
subcutaneous; SRA, serotonin- release assay; U, units; UFH, unfractionated heparin.
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F I G U R E  5  Two patients with early postcardiac surgery HIT. (A) This 71- year- old male patient developed HIT on POD2 complicated by 
progressive thrombocytopenia despite stopping postoperative UFH thromboprophylaxis, and which was complicated by ischemic bowel 
requiring hemicolectomy, and bilateral popliteal vein deep venous thrombosis (DVT). The SRA showed 76% serotonin release (maximum) at 
0 U/ml and >90% serotonin- release at 0.1– 0.3 U/ml heparin, a serological profile consistent with autoimmune HIT (aHIT). The patient was 
exposed to UFH at heart catheterization 4 days before surgery; accordingly, the onset of HIT appeared to begin 6 days after immunizing 
heparin exposure. (B) This 58- year- old male patient developed HIT on POD4 complicated by progressive thrombocytopenia, overt DIC, 
and multisite arterial thrombosis with multiorgan failure including acute renal failure requiring hemodialysis, with a fatal outcome. The SRA 
showed 92% serotonin- release at 0 U/ml and 100% serotonin- release at 0.1– 0.3 U/ml heparin, a serological profile consistent with aHIT. 
The patient was exposed to UFH at heart catheterization 3 days before surgery; accordingly, the onset of HIT appeared to begin 7 days after 
immunizing heparin exposure. Abbreviations: aHIT, autoimmune HIT; AT, antithrombin activity; CABG, coronary artery bypass surgery; DIC, 
disseminated intravascular coagulation; DVTs, deep vein thromboses; EIA, enzyme- immunoassay; Fib, fibrinogen; GAM, IgG/IgA/IgM; INR, 
international normalized ratio; IV, intravenous; MI (LV thrombus), myocardial infarction (complicated by left ventricular thrombus); NSTEMI, 
non- ST elevation myocardial infarction; OD, optical density; PC, protein C activity; Plt tfn (preop), platelet transfusion (given preoperatively); 
POD, postoperative day; q12h, every 12 h; q24h, every 24 h; SC, subcutaneous; SRA, serotonin- release assay; U, units; UFH, unfractionated 
heparin.
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days immediately before cardiac surgery. Neither patient devel-
oped intraoperative or postoperative thrombotic or other untoward 
events.

We also identified an additional eight patients in whom it could 
be discerned that HIT began on PODs 1 through 4 (inclusive). For 
all eight patients, recent preoperative exposure to UFH was docu-
mented, and indeed, it was evident that the timing of onset of the 
early postoperative HIT matched the onset of platelet count fall that 
would have been expected if the preoperative heparin exposure had 
been the immunizing heparin exposure (i.e., platelet count fall begin-
ning during the subsequent day 5– 10 window [median day 7]).

For six of these eight patients, postoperative thrombotic compli-
cations occurred, including early postoperative thrombotic strokes 
in two patients. Two illustrative cases of early presentation of HIT 
are shown in Figure 5. Figure 5A shows a case of progressive early 
postoperative thrombocytopenia complicated by bowel infarction 
secondary to mesenteric venous thrombosis. Although HIT was 
shown by serial platelet count changes and HIT antibody testing to 
have likely begun on POD2, this represented a day 6 onset in relation 
to preoperative UFH exposure (4000 U at heart catheterization). 
Figure 5B shows a case of fulminant postoperative HIT with mul-
tisystem organ failure, including acute renal failure, related to mul-
tisite arterial thrombosis and disseminated intravascular coagulation 
(DIC). Although HIT began on POD4, this represented a day 7 onset 
in relation to preoperative UFH exposure (3000 U at heart catheter-
ization). Both patients had the serological profile of aHIT, with strong 
heparin- independent serotonin- release (76% and 92%, respectively, 
for the two patients depicted in Figure 5A,B).

3.7  |  Miscellaneous observations

Some notable additional observations from our study include the 
finding that three (2.3%) of the 129 study patients had Jak2- positive 
MPD; this finding is consistent with MPD being a risk factor for 
HIT.55– 57 Only one of the 129 patients had adrenal hemorrhagic ne-
crosis; this is consistent with most patients who develop this com-
plication of HIT (or spontaneous HIT) being postorthopedic surgery 
patients.58,59

4  |  DISCUSSION

Heparin exposure during cardiac surgery is known to be highly im-
munizing.11,12,33,60 Given that it generally takes 5 or more days be-
fore onset of thrombocytopenia following an immunizing heparin 
exposure,4– 6,9,10 it was not surprising that most patients (~90%) 
identified in our study with HIT following cardiac surgery (with 
documented intraoperative heparin exposure) did not develop their 
HIT- related platelet count fall (and/or associated thrombotic events) 
until 5 or more days following cardiac surgery. However, 13 of 129 
patients, or approximately 10% of our subjects, developed HIT 
within the first 4 PODs. Analysis of these 13 patients revealed two 

interesting findings. First, all 13 patients had received recent expo-
sure to UFH, namely within 10 days before cardiac surgery, and the 
onset of thrombocytopenia appeared to correspond closely to this 
preoperative exposure to heparin. Second, for five of our patients 
with early presentation of HIT, it appeared that the patients had de-
veloped acute intraoperative HIT, based on a marked intraoperative 
fall in their platelet count and, more importantly, exposure to UFH 
within an appropriate preoperative period to explain HIT provoking 
levels of platelet- activating anti- PF4 antibodies at the time of sur-
gery; moreover, for three of these patients, available blood samples 
established preoperative presence of platelet- activating anti- PF4/
heparin antibodies; in the two patients for whom no preoperative 
blood sample was available, preceding exposure to UFH had oc-
curred 9 and 10 days preoperatively, making it very likely that HIT 
antibodies were present at time of cardiac surgery (thus explaining 
marked intraoperative thrombocytopenia in one patient, and poten-
tially the finding of platelet clumping in the CPB circuit in the other 
patient); as well as the abrupt platelet count fall when heparin was 
restarted in the early postoperative period (both patients).

Remarkably, none of the five patients with acute intraopera-
tive HIT developed any immediate clinically evident adverse con-
sequences. The diagnosis of HIT only became apparent when 
unexpected further platelet count declines were noted in the post-
operative period. This lack of acute intraoperative complications is 
consistent with a previous commentary,48 noting that there is a strik-
ing paucity of medical literature describing acute intraoperative HIT 
(to our knowledge, only one report described occurrence of acute 
intraoperative HIT61). Clearly, given the ubiquity of preoperative 
heparin to cardiac surgery patients, it would seem likely that many 
patients must undergo cardiac surgery with platelet- activating anti-
bodies being present. Further studies are needed to better discern 
the frequency and clinical impact of acute intraoperative HIT.

Nevertheless, even if intraoperative or immediate postoperative 
complications related to acute intraoperative HIT are infrequent (a 
tentative conjecture based upon limited observations), it is clear 
that progression of HIT during the early postoperative period, as a 
result of immunizing effects of recently administered preoperative 
heparin, can be life- threatening. As shown in Figure 5A,B, severe 
thrombotic complications were seen in two such patients who had 
the clinical and serological profile of aHIT that began early in the 
postoperative period. Moreover, two other patients developed 
early postoperative strokes (Table 3). Per Table 1, there was a high 
frequency of HIT- associated thrombosis, as well as HIT- associated 
mortality, irrespective of which temporal presentation of HIT the 
patients were classified into (early, typical, late).

Most patients in our study developed a typical presentation of HIT 
(i.e., onset of the HIT- related platelet count fall during the usual POD5- 
10 window [inclusive]). Consistent with previous studies,4,62 previous 
heparin exposure (including exposure in the remote past defined as 
>100 days presurgery) did not influence timing of onset of typical HIT. 
This is consistent there being a minimum period— generally 5 days— 
before the beginning of a platelet count fall related to an immunizing 
exposure to heparin (such as intraoperative administration of UFH 
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for cardiac surgery). This minimum 5- day period is seen irrespective 
of whether the patient had no previous heparin exposure (as seen in 
nine of our patients who underwent emergency cardiac surgery) or 
whether there had been previous heparin exposure in the remote or 
recent past. The only exception was for the 10% of patients who de-
veloped early postoperative HIT (within the first 4 PODs) in which case 
they invariably had received heparin in the very recent past (within 
10 days presurgery): in such patients, the recent preoperative heparin 
exposure— rather than the intraoperative exposure to heparin during 
CPB— represented the presumptive immunizing heparin exposure.

Another interesting observation was the venous thrombotic pre-
dominance of HIT. Recently, Gruel and colleagues noted that post-
cardiac surgery patients had a relatively high frequency of arterial 
thrombosis (~13%);3 indeed, we observed a remarkably similar fre-
quency of arterial thrombosis (20/129, 15.5%). However, in contrast 
to the French study, where the frequency of venous thrombosis was 
9.4%, we identified venous thrombosis complicating postcardiac sur-
gery HIT in 57/129 (44.2%) patients; indeed, approximately one in 
six patients (22/129, or 17.1%) in our study developed symptomatic 
PE. The relatively high frequency of venous thrombosis in our pa-
tient population could reflect differences in in screening for venous 
thrombosis; in our center, routine screening by ultrasound for lower- 
limb DVT (and often for upper- limb DVT) was common, a practice 
that developed after a publication52 indicating a high frequency of 
venous thrombosis in HIT patients.

Pouplard and colleagues also recommend using a 40% or greater 
fall in the platelet count— during the appropriate period— as indicating 
a high probability of postcardiac surgery HIT. Indeed, a 40% thresh-
old (vs. a 50% platelet count decline threshold) identified 88 (vs. 76) 
patients with typical HIT (Figure 3B), supporting use of a 40% platelet 
count threshold, while (per the French authors) still maintaining good 
diagnostic specificity. A minimum 30% platelet count fall was seen in 
99/100 patients with typical HIT, supporting a 30% decline threshold 
(which yields 1 point in the 4Ts scoring system9) as a potential thresh-
old to consider HIT in the appropriate clinical context.

Per Pouplard and colleagues,12 a biphasic postcardiac surgery 
platelet count decline that occurs on/after POD5 is unexpected, 
and points with high specificity toward a potential diagnosis of 
HIT. In contrast, early postoperative platelet count falls are univer-
sal, expected, and thus almost never indicate HIT (estimated fre-
quency <1/1000). Although our study indicates that such an early 
postoperative presentation of HIT can occur (~10% of recognized 
HIT cases), appropriate suspicion for such an unlikely scenario would 
depend on whether there is a timing relationship with a recent pre-
operative heparin exposure (usually UFH), a greater- than- expected 
degree of platelet count decline (difficult to define objectively), and 
occurrence of untoward clinical events (e.g., thrombosis).

Our study has limitations. It represents the experience of a sin-
gle cardiac surgery center, with its own approach to postoperative 
anticoagulation and relatively unique institutional approach to labo-
ratory testing for HIT antibodies (SRA, EIA); moreover, all cases were 
reviewed by a single HIT expert, without independent adjudication. 
Our study is retrospective, and undoubtedly some postcardiac 

surgery patients who developed HIT may not have been recognized, 
or— in the case of late presentations of HIT— may have been diag-
nosed following presentation with complications of HIT to other 
hospitals in our region.

In summary, we report on a 3- decade experience of serologically 
confirmed HIT observed in one cardiac surgery center. We found 
that approximately 10% of patients developed HIT in the early post-
operative period, a clinical presentation that can be explained by 
recent preoperative heparin exposure. Our study also illustrates the 
high frequency of thrombotic events associated with HIT, including 
venous thrombosis.
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