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ABSTRACT

Background: Heparin-induced thrombocytopenia (HIT) in patients who undergo 
cardiac surgery presents unique diagnostic and management challenges due to uni-
versal perioperative heparin exposure, postoperative platelet kinetics, and the high 
prevalence of critical illness in this population. Current guidelines do not fully address 
these cardiac surgery-specific features, leading to practice variation in screening, 
diagnosis, anticoagulation management, and perioperative planning. Consolidated, 
practical, and evidence-based recommendations are needed that are tailored to car-
diac surgery and to temporary mechanical circulatory support after cardiac surgery.

Methods: The American Association for Thoracic Surgery Clinical Practice Stan-
dards Committee convened a multidisciplinary panel of 16 experts in cardiac sur-
gery, hematology, critical care, anesthesiology, perfusion, and pharmacology. A 
comprehensive literature review was performed with medical librarian support. Us-
ing a modified Delphi methodology, the panel evaluated the evidence, developed 
clinical statements, and assigned a class of recommendation and a level of evidence 
to each recommendation.

Results: Consensus was achieved for 32 recommendations across 5 domains: epide-
miology and natural history of HIT after cardiac surgery; diagnostic evaluation, 
including appropriate Thrombocytopenia, Timing, Thrombosis, oTher cause (4Ts) 
score use, time-dependent platelet count patterns, and integration of immunoassay 
and functional testing; therapeutic management with nonheparin anticoagulants, 
including the selection of direct thrombin inhibitors, factor Xa inhibitors, and adjunc-
tive therapies; perioperative management of patients with HIT who require cardiac 
surgery, including the timing of surgery, intraoperative anticoagulation strategy, and 
adjunctive therapies; and screening, testing, and anticoagulation strategies for patients 
supported by extracorporeal membrane oxygenation or temporary mechanical circu-
latory support after cardiac surgery. Additional best practices are included for cardio-
pulmonary bypass circuit management for patients with HIT.

Conclusions: This American Association for Thoracic Surgery Expert Consensus 
Document provides practical, cardiac surgery-specific guidance for the diagnosis 
and management of HIT across the continuum of cardiac surgical care. By address-
ing the complexities unique to cardiac surgery, high-risk anticoagulation environ-
ments, and extracorporeal and temporary mechanical circulatory support, these 
recommendations aim to improve diagnostic accuracy, standardize care, reduce 
complications, and support safe heparin re-exposure or alternative anticoagulation 
strategies when surgery is required. (J Thorac Cardiovasc Surg 2026;■:1-23)

Postcardiac surgery HIT algorithm: platelet 
trends, testing, and treatment.

CENTRAL MESSAGE

The diagnosis and management 
of HIT after cardiac surgery re-
quires context-specific nuance. 
This AATS consensus provides 
practical guidance to improve 
safety across the perioperative 
continuum.

PERSPECTIVE
Treating patients for HIT after cardiac surgery 
poses unique challenges. This consensus bridges 
the gap between general HIT guidance and the re-
alities of perioperative cardiac surgical care, offer-
ing multidisciplinary, cardiac surgery-specific 
recommendations to support accurate diagnosis, 
safer anticoagulation, and better outcomes.

See Commentary on page XXX. 
See Discussion on page XXX.
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Heparin-induced thrombocytopenia (HIT) is an immune-

mediated, prothrombotic reaction that carries substantial 
morbidity—especially in cardiac surgery, wherein near-

universal heparin exposure and expected postoperative 
thrombocytopenia complicate the diagnosis of HIT. 
Although existing HIT guidelines offer broad direction, 
they do not address procedure-specific issues in cardiac sur-

gery or postoperative extracorporeal circulatory support. 1,2 

HIT with thrombosis represents a subset of cases; the diag-

nostic framework and recommendations herein apply to 
both, with thrombosis-specific management distinctions 
noted where relevant.

This American Association for Thoracic Surgery (AATS) 
Consensus Statement provides focused guidance for diag-

nosing and managing HIT in these circumstances. It empha-

sizes timely identification, judicious continuation or 
cessation of heparin, appropriate use of alternative antico-

agulants, and strategies for patients with acute or prior 
HIT who require cardiac surgery.

METHODS AND RESULTS

The AATS/Society of Thoracic Surgeons methodology for 
developing clinical practice documents was followed. 3 A 
writing committee consisting of a 17-member multidisci-

plinary panel was convened comprising cardiothoracic sur-

geons, hematologists, intensivists, cardiac anesthesiologists, 
pharmacists, and perfusionists, including 2 authors (AC and 
TEW) of the 2018 American Society of Hematology 
(ASH) HIT Guidelines. 1 The panel developed expert 
consensus statements and assigned each one a class of recom-

mendation (CoR) and level of evidence (LoE). The CoR re-

flects the estimated risk-benefit balance, and the LoE 
describes the quality, quantity, and consistency of supporting 
data (Figure 1). 3

Consensus statements were created across 5 domains 
relevant to HIT in cardiac surgery: epidemiology and natu-

ral history of postoperative HIT; diagnostic evaluation, 
including use of the Thrombocytopenia, Timing, Throm-

bosis, oTher cause (4Ts) score, time-dependent platelet 
trends, and integration of immunoassay and functional
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Abbreviations and Acronyms

4Ts = Thrombocytopenia, Timing, Thrombosis,

oTher cause

AATS = American Association for Thoracic

Surgery

ASH = American Society of Hematology

CoR = class of recommendation

CPB = cardiopulmonary bypass

DOAC = direct oral anticoagulant

DTI = direct thrombin inhibitor

DVT = deep vein thrombosis

ECMO = extracorporeal membrane oxygenation

ELISA = enzyme-linked immunosorbent assay

HIT = heparin-induced thrombocytopenia

IgG = immunoglobulin G
IVIg = intravenous immunoglobulin

LMWH = low–molecular-weight heparin

LoE = level of evidence

NPV = negative predictive value

OD = optical density

PF4 = platelet factor 4
POD = postoperative day

PPV = positive predictive value

SRA = serotonin-release assay

TPE = therapeutic plasma exchange

UFH = unfractionated heparin

VKA = vitamin K antagonist

VTE = venous thromboembolism
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access supplementary informa-

tion. To view the AATS Annual 
Meeting Webcast, see the URL 
next to the webcast thumbnail.

Perioperative Management Chatterjee et al

2 The Journal of Thoracic and Cardiovascular Surgery c ■ 2026

P
M

mailto:Subhasis.Chatterjee@bcm.edu
https://doi.org/10.1016/j.jtcvs.2026.03.619


testing; therapeutic management with nonheparin anticoag-

ulants, including the selection of direct thrombin inhibitors 
(DTIs), factor Xa inhibitors, and adjunctive therapies; peri-

operative management of patients with HIT who require 
cardiac surgery, including surgical timing, intraoperative 
anticoagulation strategies, and preoperative adjuncts; and 
screening, testing, and anticoagulation approaches in pa-

tients supported by extracorporeal membrane oxygenation 
(ECMO) or temporary mechanical circulatory support after 
cardiac surgery (Table 1).

A scholarly communications librarian performed compre-

hensive PubMed/MEDLINE searches, reviewing all publica-

tions from January 1, 2000, through December 31, 2024, as

well as earlier landmark studies identified by the panel. The 
writing committee reviewed the evidence and developed rec-

ommendations through iterative discussion. Consensus 
required at least 80% participation and 75% agreement. 
This process was repeated for each section, with unresolved 
issues addressed through scheduled online meetings and 
formal voting, using a Delphi framework. 4

All authors contributed to drafting and revising their as-

signed sections. The writing committee chairs synthesized 
the final document, which was reviewed and approved by 
the full writing committee and the AATS Adult Cardiac 
Clinical Practice Standards Committee before submission 
to the AATS Board of Directors.

FIGURE 1. Adopted definitions of classes of recommendation and levels of evidence. Adapted from reference. 3 RCT, Randomized controlled trial.
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TABLE 1. Complete list of 32 statements across 5 clinical domains with class of recommendation (CoR) and level of evidence (LoE)

Section Statement CoR LoE

Natural

history

1.1) Daily platelet count monitoring is recommended for early detection of HIT while hospitalized after cardiac surgery. I C-EO

1.2) LMWH should be considered an alternative to UFH for VTE prophylaxis after cardiac surgery, as it confers a lower

risk of developing HIT.

IIa B-NR

Diagnosis

2.1) In the first 4 d after cardiac surgery, the 4Ts score should not be used to guide HIT testing. III C-EO

2.2) In the first 4 d after cardiac surgery, it is recommended to order a HIT immunoassay (without prior 4Ts score) in a

patient exposed to unfractionated heparin in the prior 5-10 days with a new thrombosis.

I B-NR

2.3) In the first 5-30 d after cardiac surgery, it is recommended to calculate a 4Ts score in patients with 1 or more of the 

following (Note: the “baseline” platelet count is the highest postoperative platelet count that immediately precedes 

the fallen platelet count under consideration):

A. an unexpected platelet count fall (≥30%) in a biphasic pattern (second fall begins on or after postoperative day 5);

B. an early and persistently low pattern (<100 3 10 9 /L), when a superimposed ≥30% fall occurs on or after day 5; or

C. a new thrombosis

I B-NR

2.4) It is recommended that in centers performing cardiac surgery, HIT immunoassay testing should be available 7 days 

a week with a turnaround time within 24 hours.

I C-EO

2.5.) In patients with a low-probability 4Ts score (≤3) after cardiac surgery, discontinuation of heparin, laboratory 

testing for HIT, and empiric treatment with a nonheparin anticoagulant are not recommended.

III B-NR

2.6) In patients with an intermediate- or high-probability 4Ts score (≥4) after cardiac surgery, discontinuation of 

heparin and obtaining initial laboratory testing with a HIT immunoassay is recommended.

I B-NR

2.7) In patients with an intermediate-probability 4Ts awaiting an immunoassay after cardiac surgery, it is reasonable to 

postpone the initiation of a nonheparin anticoagulant until the immunoassay result is available in the absence of 

thrombosis.

IIa C-EO

2.8) Patients with a negative immunoassay test (ELISA or rapid immunoassay) after cardiac surgery do not require 

further testing, or empiric treatment in the absence of compelling clinical or laboratory features.

III B-NR

2.9) In patients with a positive immunoassay after cardiac surgery, confirmatory testing with a functional assay is 

recommended.

I B-NR

2.10) For patients with an intermediate-probability 4Ts score and a “weakly positive” immunoassay (ie, OD of 

0.40-0.99 units for labs using an ELISA), it is reasonable to delay initiation of nonheparin anticoagulant until 

confirmatory functional testing is available in the absence of thrombosis.

IIa C-EO

2.11) For patients with a high-probability 4Ts score or a strongly positive immunoassay (ie, OD ≥1.0 units for labs 

using an ELISA) or positive rapid immunoassay (>1.0 U/mL), initiation of a nonheparin anticoagulant at therapeutic-

intensity is recommended pending the results of the functional assay.

I B-NR

Treatment

3.1) In patients with confirmed HIT who are critically ill, at increased risk of bleeding, or may require additional 

procedures, treatment with intravenous direct thrombin inhibitors (ie, bivalirudin, argatroban) may be reasonable due 

to their shorter half-life.

IIb C-LD

3.2) In patients with confirmed HIT who are at lower risk of bleeding and are unlikely to need additional procedures, 

treatment with fondaparinux, danaparoid, or DOACs may be considered if medication-specific eligibility criteria 

are met.

IIb B-NR

3.3) VKAs should not be used for treatment of HIT until after platelet count recovery has occurred (above 150 3 10 9 /L). III B-NR

3.4) IVIg or TPE may be considered for refractory or progressive acute HIT in addition to therapeutic nonheparin

anticoagulation.

IIb C-LD

3.5) Temporary cessation of nonheparin therapeutic anticoagulation is reasonable with active bleeding and HIT. IIa C-EO

3.6) Routine platelet transfusion is not recommended in nonbleeding patients with HIT. III C-LD

3.7) It is reasonable to transfuse platelets in patients with HIT and active bleeding. IIa C-EO

3.8) In patients with HIT, noninvasive 4-limb ultrasound should be considered for assessment of proximal deep venous

thrombosis to guide the duration of anticoagulation.

IIa B-NR

(Continued)
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Section 1: Natural History/Epidemiology

Statement 1.1: Daily platelet count monitoring is recom-

mended for early detection of HIT during hospitaliza-

tion after cardiac surgery. (CoR I, LoE C-expert 
opinion). HIT is an immune-mediated adverse reaction in 
which antibodies against platelet factor 4 (PF4)-heparin 
complexes trigger platelet activation and a paradoxical pro-

thrombotic state. 1,5 In cardiac surgery patients, HIT causes 
substantial morbidity due to near-universal perioperative 
heparin exposure, expected postoperative thrombocyto-

penia, and the physiologic stresses of cardiopulmonary 
bypass (CPB) and critical illness. 5

The incidence of HIT after cardiac surgery ranges from 
0.5% to 3%, which is markedly higher than the <0.1% 
rate observed in most other hospitalized populations. 5-7 

Although up to 50% of cardiac surgery patients develop 
anti-PF4/heparin antibodies, only a minority progress to 
clinical HIT, highlighting the importance of clinical context 
and platelet trend interpretation in the diagnosis of HIT. 2,6 

When HIT occurs in this population, 30% to 60% of cases 
are complicated by arterial or venous thrombosis, reinforc-

ing the need for early detection. 8

Thrombocytopenia is common after CPB; up to 50% of 
patients develop significant platelet count decline. 9,10 This 
early postoperative thrombocytopenia is typically not 
immune-mediated and reflects hemodilution, platelet acti-

vation and consumption, and mechanical destruction. 
Platelet recovery is expected by postoperative day (POD) 
3 or 4. Persistent thrombocytopenia beyond POD 4 or a 
new platelet decline beginning on or after POD 5 should 
prompt concern for HIT. 2,9 In this circumstance, HIT can 
present either as a classic biphasic pattern or as a new, 
superimposed >30% platelet count decline beginning on 
or after POD 5.

HIT can be divided into distinct clinical phases: sus-

pected HIT, acute HIT, subacute HIT A, subacute HIT B, 
and remote HIT (Table 2). Recognizing these phases is 
essential for diagnostic evaluation, therapeutic decision 
making, and perioperative management, especially in pa-

tients who undergo cardiac surgery. 1 Early detection of 
HIT is critical because delayed recognition can result in se-

vere thrombotic complications. Daily platelet count moni-

toring enables timely identification of the postoperative 
platelet count fall that is often the earliest indicator of

TABLE 1. Continued

Section Statement CoR LoE

3.9) In patients with HIT without associated thrombosis, anticoagulation is indicated until platelet recovery to a stable 

plateau, for up to 3 months.

IIa B-NR

3.10) Patients with HIT and thrombosis should be treated with anticoagulation for 3 to 6 months. IIa B-NR

Needing

cardiac

surgery

4.1) In patients with a history of HIT undergoing nonemergency cardiac surgery, it is recommended to perform an 

immunoassay assay.

I C-EO

4.2) In patients with confirmed HIT, it is recommended that nonemergency cardiac surgery be delayed until the 

functional assay is negative.

I B-NR

4.3) In patients with HIT and a positive functional assay requiring urgent/emergency cardiac surgery, it may be 

reasonable to use either intraoperative bivalirudin alone or heparin with additional measures (eg, preoperative IVIg 

and/or TPE).

IIb C-LD

4.4) Intraoperative heparin is recommended in patients with a history of HIT and a negative immuno– or functional 

assay; intraoperative heparin is also appropriate if the immunoassay is positive, but the functional test is negative.

I C-LD

ECMO/MCS

5.1) The 4Ts should not be used to guide HIT testing in patients receiving post-cardiotomy ECMO. III B-NR

5.2) HIT testing should be considered in patients receiving ECMO for post-cardiotomy shock who experience persistent

thrombocytopenia 5-14 d after their first exposure to unfractionated heparin.

IIa B-NR

5.3) A direct thrombin inhibitor is a reasonable strategy for anticoagulation during post-cardiotomy ECMO as it reduces 

the risk of developing HIT.

IIa B-NR

5.4) It is recommended that patients on ECMO requiring anticoagulation with suspected HIT are switched to a direct 

thrombin inhibitor and all heparin products should be discontinued.

I C-EO

5.5) In post-cardiotomy patients requiring a micro-axillary flow pump with a concern for HIT, sodium bicarbonate-

based purge solutions should be considered over heparin-based solutions.

IIa B-NR

HIT, Heparin-induced thrombocytopenia; EO, expert opinion; LMWH, low–molecular-weight heparin; UFH, unfractionated heparin; VTE, venous thromboembolism; NR, non-

randomized; 4Ts, Thrombocytopenia, Timing, Thrombosis, oTher cause; ELISA, enzyme-linked immunosorbent assay; OD, optical density; DOAC, direct oral anticoagulant; 

VKA, vitamin K antagonist; IVIg, intravenous immunoglobulin; TPE, therapeutic plasma exchange; ECMO, extracorporeal membrane oxygenation; MCS, mechanical circulatory 

support.

Chatterjee et al Perioperative Management

The Journal of Thoracic and Cardiovascular Surgery c Volume ■, Number ■ 5

P
M



HIT. The ASH guidelines emphasize that postoperative car-

diac surgery patients are at elevated risk due to intensive and 
prolonged unfractionated heparin (UFH) exposure and the 
proinflammatory environment of surgery, which may poten-

tiate immune responses to PF4-heparin complexes. 1 

Statement 1.2: Low-molecular-weight heparin should be 
considered an alternative to UFH for venous thrombo-

embolism prophylaxis after cardiac surgery because it 
confers a lower risk of developing HIT. (CoR IIa, LoE 
B-nonrandomized). Chemoprophylaxis for venous 
thromboembolism (VTE) is recommended after cardiac 
surgery. 11 Low-molecular-weight heparin (LMWH) has a 
smaller molecular size than UFH and is less likely to 
form large PF4/heparin complexes, resulting in fewer path-

ogenic immunoglobulin G (IgG) antibodies and diminished 
platelet activation. 12 HIT is therefore consistently less com-

mon when LMWH is used instead of UFH, a benefit that ex-

tends to cardiac surgery patients.

A recent Cochrane systematic review involving 1398 
postoperative patients found that compared with UFH, 
LMWH was associated with a significantly lower risk of 
HIT (risk ratio, 0.23; 95% CI, 0.07-0.73) and of HIT 
complicated by thrombosis (risk ratio, 0.22; 95% CI, 
0.06-0.84). 13 Consistent with these findings, a quality-

improvement program at a high-volume Canadian tertiary 
care center produced dramatic reductions in the rates of 
HIT and HIT with thrombosis after transitioning from 
UFH to LMWH as part of routine practice. 14 In cardiac sur-

gery specifically, a retrospective study of heart valve sur-

gery patients showed that those bridged to warfarin with 
LMWH postoperatively had fewer HIT events (3 out of 
100) than a prior cohort that received UFH (6 out of 103), 
with correspondingly fewer thrombotic complications. 15 

These findings suggest that LMWH is less immunogenic 
than UFH.

Mechanistic and immunologic data also support the 
lower immunogenicity of LMWH. After CPB using UFH, 
anti-PF4/heparin antibodies develop commonly, but clinical 
HIT is far more frequent in patients who continue UFH than 
in those switched to LMWH. 16 Furthermore, narrative re-

views of the cardiac surgery literature suggest that HIT inci-

dence can be up to 10-fold higher with UFH than with 
LMWH. 17

The decision to use LMWH should be individualized. 
LMWH has a longer half-life and may be cleared less effi-

ciently by the kidneys than UFH; furthermore, rapid 
reversal during bleeding emergencies is more difficult and 
may increase the risk that re-exploration will be needed. 
Protamine sulfate partially reverses LMWH, fully neutral-

izing anti-IIa activity but achieving only 60% to 80% 
anti-Xa reversal. 18 Andexanet alfa may provide more com-

plete reversal when protamine is insufficient, but its use 
before CPB has been associated with heparin resistance 
and is not recommended in the preoperative cardiac surgery 
setting. 19 Therefore, close monitoring is necessary when 
LMWH is used in patients with acute or chronic kidney dis-

ease, including periodic assessment of antifactor Xa activity 
and renal function, particularly in those with advanced 
impairment or fluctuating renal clearance. 5 A complete dis-

cussion of the reversal of anticoagulant agents is beyond the 
scope of this document.

Section 2: Diagnostic Approach

Statement 2.1: During the first 4 days after cardiac sur-

gery, the 4Ts score should not be used to guide HIT 
testing. (CoR III, LoE C-expert opinion). In patients 
with suspected HIT who have not undergone cardiac sur-

gery, it is standard to calculate a pretest probability score, 
most commonly the 4Ts score, before ordering an immuno-

assay test (Figure 2). 20 In contrast, thrombocytopenia

TABLE 2. The phases of heparin-induced thrombocytopenia (HIT)

Phase Brief explanation Diagnostic tests useful for identification

Suspected HIT Clinical suspicion based on new thrombocytopenia and recent heparin 

exposure

Platelet count monitoring, 4Ts score (clinical 

probability)

Acute HIT Thrombocytopenia (50% fall from peak), usually 5-10 days postheparin 

Highest risk for thrombosis

Platelet count monitoring, immunoassay 

(positive), functional assay (positive)

Subacute HIT A Platelet count recovers

HIT antibodies persist; risk of thrombosis probably remains but is lower 

than in acute HIT

Immunoassay (positive), functional assay 

(positive)

Subacute HIT B Platelet count recovers

Antibodies persist, but platelet-activating antibodies are no longer 

detectable

Risk of HIT recurrence with intraoperative heparin re-exposure is low

Immunoassay (positive), functional assay 

(negative)

Remote HIT Platelet count recovers

Antibodies are no longer detectable

Risk of recurrence with intraoperative heparin re-exposure is low

Immunoassay (negative), functional assay 

(negative)

4Ts, Thrombocytopenia, Timing, Thrombosis, oTher cause.
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during the first 4 days after cardiac surgery is expected and 
usually not immune-mediated. Hemodilution, blood loss, 
platelet activation and consumption, and mechanical 
destruction from CPB or mechanical circulatory support de-

vices account for the typical 25% to 50% decline in platelet 
count that occurs within 48 to 72 hours after surgery, fol-

lowed by spontaneous recovery by about POD 5. 21

As an immune-mediated event, HIT typically requires at 
least 5 days after an initial immunizing heparin exposure for 
clinically significant, platelet-activating antibodies to form. 
Accordingly, thrombocytopenia developing within the first 
4 days after cardiac surgery is unlikely to represent HIT un-

less the patient had recent preoperative heparin (typically 
UFH) exposure within the preceding 5 to 10 days before 
cardiac surgery. In this early postoperative window, the 
4Ts score may overestimate HIT probability because car-

diac surgery patients receive intraoperative heparin and 
have unrelated expected thrombocytopenia, resulting in 
automatic assignment of points for both heparin exposure 
and platelet count decline. Such misclassification can lead 
to unnecessary heparin discontinuation and inappropriate 
initiation of long-acting or irreversible nonheparin antico-

agulants. 22,23 Modified versions of the 4Ts score limit

assignment of points to those patients with a>50% platelet 
decline within 72 hours after CPB. 24,25 If such a modified 
4Ts scoring system is used, then an intermediate score (4 
points) will be reached only if a thrombotic event occurs 
during the first 4 days after cardiac surgery, in a patient 
who has also received heparin in the recent preoperative 
period (see Statement 2.2) (Table 3).

Statement 2.2: During the first 4 days after cardiac sur-

gery, it is recommended to order a HIT immunoassay 
(without 4Ts score) in a patient who has a new throm-

bosis and has been exposed to UFH during the 5 to 
10 days before surgery. (CoR I, LoE B-nonrandom-

ized). Preoperative heparin exposure should be carefully 
reviewed whenever thrombocytopenia or thrombosis occurs 
after cardiac surgery. Patients who received UFH within 5 to 
10 days before surgery (eg, for acute coronary syndrome, 
catheterization procedures, or bridging from other anticoag-

ulants) may present with early HIT postoperatively due to 
preformed anti-PF4/heparin antibodies, leading to platelet 
activation and thrombosis. 26 Although early HIT accounts 
for only 10% of postoperative HIT cases after cardiac sur-

gery, it is associated with clinically significant morbidity 
and mortality. 8 Thus, in patients with recent preoperative

FIGURE 2. Adapted Thrombocytopenia, Timing, Thrombosis, oTher cause (4Ts) scoring system for the evaluation of suspected heparin-induced throm-

bocytopenia (HIT) in postoperative cardiac surgery patients. The figure highlights timing considerations unique to cardiopulmonary bypass, including early 

postoperative thrombocytopenia and biphasic platelet count patterns, and incorporates common alternative causes of thrombocytopenia in this population. 

Score interpretation and corresponding management recommendations are shown. EIA, Enzyme immunoassay; POD, postoperative day; UFH, unfractio-

nated heparin; IV, intravenous; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement ther-

apy; PRN, pro re nata (ie, as needed).
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UFH exposure and new thrombosis, immunoassay testing 
should be promptly performed, and the 4Ts score should 
not be used to guide testing.

It remains unclear how isolated thrombocytopenia 
(without thrombosis) should be approached during the early 
postoperative period in patients with recent UFH exposure, 
given the high prevalence of non–HIT-related platelet de-

clines after cardiac surgery. In patients with atypical fea-

tures—such as persistent or worsening thrombocytopenia 
beyond the expected postoperative nadir, failure of platelet 
recovery, a biphasic platelet pattern, or other clinical features 
inconsistent with routine postoperative thrombocytopenia— 
consultation with hematology or vascular medicine special-

ists may provide additional guidance regarding the timing 
and appropriateness of a HIT workup.

Statement 2.3: During the 5 to 30 days after cardiac sur-

gery, it is recommended to calculate a 4Ts score in pa-

tients with 1 or more of the following.

• An unexpected platelet count fall (≥30% of baseline) in a 
biphasic pattern (second fall beginning on or after POD 5);

• An early and persistently low platelet count below 
100 3 10 9 /L followed by a superimposed decline of 
30% or more from baseline occurring on or after day 5; and

• New thrombosis. (CoR I, LoE B-nonrandomized)

Note that the “baseline” platelet count is the highest post-

operative platelet count that precedes the low platelet count 
under consideration.

PODs 5 to 30 encompass the immune-mediated phase of 
HIT, when anti-PF4/heparin antibody formation peaks. A 
biphasic platelet trajectory is strongly suggestive of HIT. 
This pattern consists of an initial postoperative platelet 
decline with partial or complete recovery, followed by a

second decline beginning approximately between PODs 5 
to 10. This pattern should prompt formal calculation of 
the 4Ts score. 22,26,27 HIT presents between PODs 5 and 
10 after cardiac surgery in about 75% of cases, whereas 
late-onset HIT occurs in roughly 10% to 15% of cases. 8 

The postoperative platelet “peak” is defined as the high-

est platelet count after cardiac surgery. Percentage platelet 
decline should be calculated relative to this peak when a 
subsequent, unexpected decrease is assessed. When platelet 
counts fall early and remain persistently low (<100 3 10 9 / 
L), calculating the 4Ts score is recommended if a superim-

posed ≥30% decline occurs on or after day 5 in the absence 
of other plausible causes. Any new thrombosis during this 
period should similarly prompt 4Ts-based risk assessment.

The 4Ts pretest score reduces unnecessary and poten-

tially false-positive HIT immunoassay testing. Although 
the 4Ts score has an outstanding negative predictive value 
(NPV) (>99%), it has only a modest positive predictive 
value (PPV) (14% for intermediate probability; 64% for 
high probability). 17 Because 22% to 52% of patients who 
undergo cardiac surgery develop nonpathogenic anti-PF4/ 
heparin antibodies within the first postoperative week, 17,28 

inappropriate immunoassay testing increases the risk of 
false-positive results and unnecessary exposure to nonhe-

parin anticoagulant agents. In patients treated empirically 
with alternative nonheparin anticoagulants while awaiting 
confirmatory functional testing, major bleeding occurs at 
an estimated rate of approximately ∼1% per day, and 
most agents lack readily available target-specific reversal

agents. 21,29,30

Although other cardiac surgical-specific scoring tools 
exist, incorporating factors such as the use of an intra-

aortic balloon pump or CPB within 96 hours, they have

TABLE 3. Thrombocytopenia, Timing, Thrombosis, oTher cause (4Ts) scoring system for heparin-induced thrombocytopenia (HIT): Key notes on 

timing (day 0 reference)

Clinical scenario Day 0 for timing calculation

Typical biphasic HIT (2nd fall onset POD 5-10) Day of cardiac surgery (intraoperative UFH)

Early/persistent thrombocytopenia with preop UFH First day of recent preoperative UFH exposure

Late-onset HIT (after POD 10) or rapid-onset with 

re-exposure

Day heparin was restarted

Component Score 2 Score 1 Score 0

Thrombocytopenia Platelet count fall >50% (and nadir

≥20 3 10 9 /L)

Platelet count fall 30-50% (or >50% with 

nadir <20 3 10 9 /L)

Platelet count fall <30%

Timing of platelet fall Clear onset on POD 5-10 or ≤1 day (with 

heparin exposure 5-30 days prior) or 

biphasic pattern

Consistent with POD 5-10 but not clear or 

onset after POD 10 or ≤1 day (heparin 

exposure 30-100 d prior)

Platelet fall ≤ POD 4 without 

recent heparin exposure 

(past 100 days)

Thrombosis or other 

sequelae

New proven thrombosis, skin necrosis, or acute 

systemic reaction after IV heparin bolus

Progressive/recurrent thrombosis, non-

necrotizing skin lesions, or suspected 

thrombosis (not proven)

None

oTher causes of 

thrombocytopenia

None evident Possible other cause (especially after POD 3) Definite other cause 

(especially on POD 1-3)

POD, Postoperative day; UFH, unfractionated heparin; IV, intravenous.
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not demonstrated superior diagnostic performance to the 
4Ts score in prospective validation studies. 31,32 Clinical 
judgment regarding the timing and magnitude of platelet 
fall remains essential.

Statement 2.4: It is recommended that, at centers per-

forming cardiac surgery, HIT immunoassay testing 
should be available 7 days a week, with a turnaround 
time within 24 hours. (CoR I, LoE C-expert opinion). 
Timely availability of HIT immunoassay testing is essential 
at cardiac surgery centers, where postoperative thrombocyto-

penia is common and thrombotic complications of HIT can 
evolve rapidly. When test turnaround times are prolonged, 
clinicians may feel compelled to initiate diagnostic testing 
preemptively, before the clinical picture has fully evolved, 
out of concern that delayed results would preclude timely 
intervention. This practice contributes to overtesting, unnec-

essary interruption of heparin administration, premature initi-

ation of alternative anticoagulants, higher bleeding risk, and 
higher health care costs. In critically ill and cardiac postoper-

ative patients, Fiorenza and colleagues 33 showed that struc-

tured, timely testing markedly improved diagnostic 
accuracy and reduced unnecessary HIT evaluations. Like-

wise, Chaturvedi and colleagues 34 reported substantial over-

testing and clinical misclassification when HIT assays were 
not efficiently available, leading to avoidable exposure to 
alternative anticoagulants and complications. Studies of rapid 
or automated HIT immunoassays demonstrate that modern 
assays provide high diagnostic sensitivity with rapid turn-

around, enabling same-day clinical decision making. 35-37

The 2018 ASH HIT guidelines likewise highlight the 
need for timely laboratory confirmation to reduce throm-

botic risk and prevent unwarranted use of alternative

anticoagulants. Collectively, these data support maintaining 
7-day-a-week HIT immunoassay capability, with results 
available within 24 hours, across all centers performing car-

diac surgery.

Statement 2.5: In patients with a low-probability 4Ts 
score (≤3) after cardiac surgery, discontinuation of hep-

arin, laboratory testing for HIT, and empiric treatment 
with a nonheparin anticoagulant is not recommended. 
(CoR III, LoE B-nonrandomized). The 4Ts score is a 
widely used and well-validated scoring system for esti-

mating the probability of HIT. Patients are evaluated across

4 domains: thrombocytopenia, timing of the platelet count 
fall in relation to heparin exposure, the presence of throm-

bosis or other clinical sequelae, and the likelihood of other 
causes of thrombocytopenia. Scores of 0 to 3, 4 to 5, and 6 to
8 correspond to a low, intermediate, and high probability of 
HIT, respectively (Figure 3). 38

A systematic review and meta-analysis showed that a 
low-probability 4Ts score robustly excludes HIT, with an 
NPV of 99.8% (95% CI, 97.0%-100%). Even in studies 
with a substantial proportion of cardiac surgery patients, 
the NPV remained high (99.6%; 95% CI, 87.7%-100%). 39 

Because of its strong NPV, a low-probability 4Ts score 
generally excludes HIT and supports no further HIT labora-

tory testing or empiric treatment. Immunoassay testing is 
discouraged in this circumstance because positive results 
are far more likely to be false than to indicate true HIT, lead-

ing to inappropriate clinical decisions. 40

Nevertheless, a low-probability 4Ts score alone should not 
entirely preclude a diagnosis of HIT because false-negative 
diagnoses made on this basis have been identified. 41 Clini-

cians should therefore maintain a low threshold for

FIGURE 3. Diagnostic and management algorithm for suspected heparin-induced thrombocytopenia after cardiac surgery, incorporating Thrombocyto-

penia, Timing, Thrombosis, oTher cause (4Ts) scoring, immunoassay strength, and functional testing to guide anticoagulation decisions. EIA, Enzyme 

immunoassay; OD, optical density; RIA, rapid immunoassay.
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reassessment and repeat scoring if the clinical trajectory 
changes, including when thrombocytopenia deepens unex-

pectedly, new thrombosis develops, or platelet recovery fails 
to materialize in the expected postoperative time course. In 
such cases, further workup is reasonable even when the initial 
4Ts score was low. This statement is aligned with the ASH 
and British Committee for Standards in Haematology clinical 
practice guidelines on HIT. 1,42

Statement 2.6: In patients with an intermediate- or high-

probability 4Ts score (≥4) after cardiac surgery, discon-

tinuing heparin and obtaining initial laboratory testing 
with a HIT immunoassay is recommended. (CoR I, 
LoE B-nonrandomized). Although the NPV of a low-

probability 4Ts score is nearly absolute (99.8%), the PPV 
of the 4Ts score is more modest. A systematic review and 
meta-analysis showed that the PPVs of intermediate and 
high 4Ts scores were 14% (95% CI, 9%-22%) and 64% 
(95% CI, 40%-82%), respectively (Figure 4). 39 Given its 
low PPV, the 4Ts score should not be used in isolation to di-

agnose HIT. Laboratory testing, initially with a HIT immu-

noassay, is needed to confirm the diagnosis.

Diagnostic delay in HIT can have dangerous conse-

quences. In a historical study, initial delay in diagnosis 
and treatment was associated with a 6.1% daily risk of 
thrombosis, amputation, or death. 43 Therefore, patients 
with an intermediate or high 4Ts score should have heparin 
discontinued empirically. Whether to initiate a nonheparin 
anticoagulant at this stage is addressed in Statements 2.7, 
2.10, and 2.11. This statement is aligned with the ASH 
and British Committee for Standards in Haematology clin-

ical practice guidelines on HIT. 1,42

Statement 2.7: In patients with an intermediate-

probability 4Ts score who are awaiting an immunoassay 
after cardiac surgery and who do not have thrombosis, it 
is reasonable to postpone initiating a nonheparin antico-

agulant until the immunoassay result is available. (CoR 
IIa, LoE C-expert opinion). The decision to start a nonhe-

parin anticoagulant in patients with suspected HIT must 
balance the thrombotic risk of untreated HIT against the 
substantial bleeding risk that accompanies postoperative 
nonheparin anticoagulation. HIT is highly prothrom-

botic—approximately half of untreated patients develop 
thrombosis. 44 However, most patients with an intermediate 
4Ts score do not have HIT; its prevalence in this group is 
only 14% (95% CI, 9%-22%). 39

On the other hand, nonheparin anticoagulation carries a 
high incidence of major bleeding. In a retrospective cohort 
study of patients treated with nonheparin alternatives (80% 
received argatroban), major bleeding occurred in 35.7% of 
patients with confirmed HIT and 44.0% of those in whom 
HIT was ultimately ruled out. 45 Risk factors associated 
with major bleeding—intensive care unit admission, renal 
dysfunction, and platelet count<25 3 10 9 /L—are common 
after cardiac surgery.

Given the low PPV of an intermediate-probability 4Ts 
score and the high bleeding risk with nonheparin anticoagu-

lation in patients after cardiac surgery, deferring treatment 
until immunoassay results are available appears reasonable 
when no thrombosis is present, particularly in patients 
considered to be at high bleeding risk. In contrast to the 
2018 ASH guidelines panel, the writing committee for this 
consensus document judged that individualized anticoagula-

tion decisions, including selective withholding or initiation of 
therapy based on bleeding and thrombotic risk, are more 
appropriate for this postoperative population (Figure 3). 
Statement 2.8: For patients with an appropriately timed 
negative immunoassay test (enzyme-linked immunosor-

bent assay or rapid immunoassay) after cardiac surgery, 
further testing or empiric treatment is not recommen-

ded in the absence of compelling clinical or laboratory 
features. (CoR III, LoE B-nonrandomized). PF4/heparin 
immunoassays have high sensitivity (>95%) for HIT at 
manufacturer-recommended thresholds. 46-48 The most 
widely used immunoassays in the United States, the 
polyspecific enzyme-linked immunoassay (ELISA) and 
IgG-specific ELISA, were both found to have an NPV of 
99% (95% CI, 99%-100%) in a systematic review and 
meta-analysis. 46 Therefore, a negative immunoassay, 
particularly ELISA, essentially rules out HIT; such patients 
do not warrant additional HIT testing and may receive hep-

arin when clinically indicated.

Rapid immunoassays such as the PF4/polyanion chemi-

luminescence immunoassay 49 and latex-enhanced immuno-

turbidimetric immunoassay 50 are available on-demand at 
some centers, with results available within 1 hour.

FIGURE 4. Estimated probability of heparin-induced thrombocytopenia 

(HIT) based on combined Thrombocytopenia, Timing, Thrombosis, oTher 

cause (4Ts) score and enzyme immunoassay optical density (EIA OD). Co-

lor intensity reflects increasing likelihood of HIT when clinical probability 

(4Ts score) and immunoassay strength are considered together, compared 

with either measure alone. Probability estimates vary by assay and are 

shown for illustrative purposes. Reproduced from May and colleagues. 20
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Compared with ELISA, these assays may offer modestly 
higher specificity but slightly lower sensitivity (∼95%- 
98% vs>99%), although published data from patients after 
cardiac surgery remain limited. Consistent with these 
results, the recent towards precise and rapid diagnosis of 
heparin-induced thrombocytopenia study found a 4.5% 
false-negative rate for the chemiluminescence immuno-

assay alone. 41 The manufacturer’s cutoff for a positive 
result is 1.0 U/mL; results in the 0.40 to 0.99 U/mL range 
should be considered high-negative, and further evaluation 
with a platelet activation assay is warranted if clinical sus-

picion persists.

Statement 2.9: In patients with a positive immunoassay 
after cardiac surgery, confirmatory testing with a func-

tional assay is recommended. (CoR I, LoE B-non-

randomized). Immunoassays are widely available and are 
the appropriate first laboratory test in evaluating suspected 
HIT. However, nonpathogenic anti-PF4/heparin antibodies 
are common after cardiac surgery, making immunoassay pos-

itivity alone insufficient to establish the diagnosis (Figure 4). 48 

Functional assays, prototypically the serotonin-release assay 
(SRA), have high sensitivity and specificity for HIT and are 
considered the diagnostic gold standard.

Accurate classification is essential because misdiagnosis 
carries significant long-term consequences. In a retrospec-

tive review of 239 patients with a new heparin allergy

documented due to suspicion of HIT, 100 (42%) were 
HIT-negative. Sixty-eight of these patients were unneces-

sarily treated with an alternative anticoagulant, and the erro-

neous allergy documentation persisted in the medical 
record for more than 3 years. 51 Such mislabeling exposes 
patients to avoidable bleeding risk from nonheparin antico-

agulation and complicates future hospitalizations in which 
heparin may be the safest or most effective agent.

Given the downstream consequences of inaccurate hepa-

rin allergy labeling, the writing committee offers the 
following best practice guidance for institutions performing 
cardiac surgery on the documentation and removal of hep-

arin allergy in the medical record (Table 4).

Statement 2.10: For patients with an intermediate-

probability 4Ts score, a “weakly positive” immunoassay 
(ie, optical density, 0.40-0.99 U for labs using an ELISA), 
and no thrombosis, it is reasonable to delay initiating a 
nonheparin anticoagulant until confirmatory functional 
testing is available. (CoR IIa, LoE C-expert opinion). In 
a study of nearly 500 patients who underwent ELISA 
testing, a screening threshold of >0.40 was compared 
with a threshold of 1.00, using a positive SRA as the refer-

ence standard. Although both thresholds showed 100% 
sensitivity and NPV, an optical density (OD) cutoff of 0.4 
had a specificity of only 86.5% and a PPV of only 
13.2%. 52 These findings are consistent with those from

TABLE 4. Best practice: Documentation and removal of heparin allergy in the medical record

Domain Key actions Rationale/evidence

At the time of 

allergy listing
• Distinguish confirmed HIT (positive functional assay) from 

suspected HIT—workup pending

• Document: date, 4Ts score, immunoassay result, functional 

assay result

• Use provisional label until confirmatory testing is complete

42% of 239 patients labeled with heparin allergy due 

to suspected HIT were ultimately HIT-negative; 

most were labeled based on immunoassay alone 

without functional assay confirmation. 51

Criteria for removal Remove label if HIT is excluded:

(1) Negative immunoassay

(2) Negative functional assay

Anti-PF4/heparin antibodies become undetectable at 

a median of 85 days. Persistent labeling beyond 

this window unnecessarily restricts heparin use, 

including during future cardiac surgery.*

Criteria to update label 

as HIT resolve

Update (not simply remove) when confirmed HIT has 

resolved:

• Negative immunoassay AND functional assay (≥85-100 days 

after episode)

• Note that intraoperative heparin re-exposure is permissible 

per Statements 4.1 and 4.4

Anti-PF4/heparin antibodies become undetectable at 

a median of 85 days. Persistent labeling beyond 

this window unnecessarily restricts heparin use, 

including during future cardiac surgery.*

Institutional stewardship • Prospective pharmacist or hematology review of new heparin 

allergy entries

• Link allergy documentation to 4Ts score and laboratory 

results in the EMR

• Structured removal protocol when diagnosis is excluded or 

antibodies have waned

• Require co-signature for both allergy listing and removal

Erroneous labels persisted a median of 7.5 years after 

discharge, prompting unnecessary alternative 

anticoagulant use, with 66% major bleeding rate, 

during subsequent admissions. 51

Given the downstream consequences of inaccurate heparin allergy labeling, the writing committee offers the following best practice guidance for institutions performing cardiac 

surgery. HIT, Heparin-induced thrombocytopenia; 4Ts, Thrombocytopenia, Timing, Thrombosis, oTher cause; EMR, electronic medical record. *Cuker A, Arepally GM, Chong 

BH, et al. American Society of Hematology 2018 guidelines for management of venous thromboembolism: heparin-induced thrombocytopenia. Blood Adv. 2018; 2(22):3360-3392.
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another cohort, in which the prevalence of HIT in patients 
with an OD of 0.4 to 1.0 was <2%. 53

Although this non-0 prevalence warrants confirmatory 
functional testing, empiric treatment decisions during this 
interval should be individualized. In patients without true 
HIT, nonheparin anticoagulation in the postoperative period 
unnecessarily exposes patients to a substantial risk of major 
bleeding. 45 Accordingly, when HIT remains unconfirmed 
and no thrombosis is present, deferring anticoagulation un-

til functional testing is completed is reasonable. If anticoa-

gulation is required for an indication unrelated to HIT 
before confirmatory results are available, a nonheparin anti-

coagulant should be selected.

Although Statement 2.10 references ELISA-based OD 
thresholds, similar principles apply to other immunoassays. 
For rapid latex immunoassay or chemiluminescence immu-

noassay platforms, lower positive values (1.0 U/mL) are 
generally analogous to a weakly positive ELISA result 
and indicate a low probability of true HIT. As with ELISA, 
these findings should prompt confirmatory functional 
testing, with interim anticoagulation decisions individual-

ized to bleeding risk, thrombotic risk, and clinical context. 
Statement 2.11: In patients with a high-probability 4Ts 
score, a strongly positive immunoassay (ELISA 
OD ≥1.0 U), or a positive rapid immunoassay (>1.0 U/ 
mL), therapeutic-intensity nonheparin anticoagulation 
is recommended pending the results of the functional 
assay. (CoR I, LoE B-nonrandomized). A missed or de-

layed diagnosis of HIT carries a substantial risk of life- or 
limb-threatening thrombosis. Functional assays, the defini-

tive tests for HIT, are complex, are performed only in 
specialized reference laboratories, and typically take 
several days to yield results. 17 In patients with a high-

probability 4Ts score, a strongly positive ELISA (optical 
density ≥2.0) or highly positive results on rapid latex 
immunoassay or chemiluminescence immunoassay plat-

forms (particularly values ≥16.0 U/mL), the likelihood 
that true platelet-activating antibodies are present is suffi-

ciently high that the thrombosis risk outweighs the bleeding 
risk. Therefore, therapeutic-intensity anticoagulation with a 
nonheparin agent should be initiated promptly while confir-

matory functional testing is pending. 52

Section 3: Treatment of HIT

Statement 3.1: In patients with confirmed HIT who are 
critically ill, are at elevated risk of bleeding, or may 
require additional procedures, treatment with intrave-

nous DTIs (ie, bivalirudin or argatroban) may be 
reasonable due to their short half-life. (CoR IIB, LoE 
C-limited data). Managing confirmed HIT in patients 
who undergo cardiac surgery is challenging and requires 
balancing the high thrombotic risk of the syndrome with 
the substantial risk of postoperative bleeding. Many of these 
patients are clinically unstable or are at risk of requiring

urgent reoperation or other invasive procedures. Renal or 
hepatic dysfunction and impaired enteral absorption are 
also common in this population and can influence the safety 
and effectiveness of various anticoagulants (Table 5).

Bivalirudin and argatroban are continuous intravenous 
infusion DTIs that can be used to treat HIT. 1,63-65 

Bivalirudin is approved in Canada for the treatment of 
HIT, whereas in the United States, HIT is an off-label indi-

cation. 54 Argatroban is approved for the treatment of HIT in 
both countries. 55 In a single-center, retrospective analysis of 
data from 108 patients (including 61 patients in a cardiotho-

racic surgery intensive care unit) treated with an intrave-

nous DTI for confirmed or suspected HIT, bivalirudin and 
argatroban showed similar efficacy, safety, and anticoagula-

tion profiles. 65

Bivalirudin’s elimination half-life is prolonged in patients 
with renal dysfunction, necessitating dose adjustment. 66 In 
patients with renal dysfunction, either dose-reduced bivalir-

udin or argatroban is acceptable. Argatroban, by contrast, is 
hepatically cleared, and its half-life is markedly prolonged 
in patients with hepatic impairment, critical illness, or 
heart failure, necessitating substantial dose reductions. 67 

Despite being prolonged in certain populations, these drugs’ 
elimination half-lives remain considerably shorter than 
those of other long-acting agents used to treat HIT, such as 
direct-acting oral anticoagulants (DOACs), fondaparinux, 
and danaparoid (see Table 5). 56-61 This shorter half-life is 
advantageous in patients at elevated bleeding risk and in 
those who may require urgent procedures, potentially 
reducing exposure to costly reversal strategies, minimizing 
the duration of critical bleeding, and avoiding procedural 
delays. 1

Although intravenous DTIs offer flexibility and rapid ti-
tratability, they require continuous infusion and frequent 
laboratory monitoring. See Figure 4 regarding anticoagula-

tion strategies for treating HIT in patients who undergo car-

diac surgery.

Statement 3.2: In patients with confirmed HIT who are 
at lower risk of bleeding and are unlikely to need addi-

tional procedures, treatment with fondaparinux, 
danaparoid, or DOACs may be considered if 
medication-specific eligibility criteria are met. (CoR 
IIb, LoE B-nonrandomized). Fondaparinux, danaparoid 
(not available in the United States), and DOACs offer prac-

tical advantages, including infrequent dosing and no 
requirement for routine laboratory monitoring. These 
agents are effective for treating acute HIT; however, there 
are several patient-specific considerations for safety and ef-

ficacy. 1,64 Fondaparinux, danaparoid, and DOACs have 
limited data supporting their use for treatment of acute 
HIT in critically ill patients; in such cases, intravenous 
DTIs may be preferred. 1 See Table 4 for a detailed overview 
of these drugs’ pharmacokinetic properties and important 
patient-specific considerations for use.
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Reversal considerations further influence agent selection. 
Fondaparinux and danaparoid lack fully effective reversal 
agents, and DOAC reversal strategies can be costly or asso-

ciated with thrombosis. Accordingly, these agents should be 
used cautiously in patients with meaningful bleeding risk or 
potential need for urgent invasive procedures.

Evidence supporting the postoperative use of DOACs in 
cardiac surgical patients, although limited, is favorable. Ev-

idence supporting the postoperative use of nonheparin

anticoagulants after cardiac surgery is limited but generally 
favorable. In a retrospective cohort study of 16 patients (14 
after cardiovascular surgery) treated with fondaparinux for 
confirmed HIT, no patient developed new or progressive 
thrombosis; 1 patient experienced major bleeding, and 1 pa-

tient required limb amputation related to irreversible tissue 
necrosis present before fondaparinux initiation. 68 In another 
retrospective cohort study of 93 patients treated with dana-

paroid for HIT after valve surgery, thrombus resolved in all

TABLE 5. Properties of anticoagulants for treatment of heparin-induced thrombocytopenia (HIT)

Medication

Mechanism 

of action* Route* Half-life Monitoring Metabolism and elimination Additional considerations

Bivalirudin 54 Direct thrombin 

inhibitor

Continuous

intravenous

infusion

25 min (34-57 min 

in moderate to 

severe renal 

impairment;

∼3-5 h on 

dialysis)

aPTT (target 1.5-

2.5 3 baseline) for 

systemic anticoagulation; 

ACT during CPB (target 

>300-400 s depending on 

protocol)

Proteolytic cleavage; 20%

excreted unchanged in 

urine

Dose reduction in renal 

dysfunction

Argatroban 55 39-51 min 

(181 min in 

hepatic 

impairment)

aPTT (target 1.5-

3.0 3 baseline); ACT 

during CPB; note: 

argatroban artificially 

elevates PT/INR, 

complicating warfarin 

transition

Hepatic hydroxylation and 

aromatization; minor 

CYP3A4/5 metabolism

Dose reduction in hepatic 

dysfunction, heart failure, or 

critical illness

Fondaparinux 56 Indirect factor 

Xa inhibitor

Subcutaneous 17-21 h 

(prolonged 

in renal 

impairment 

and elderly)

Anti-Xa activity 

(fondaparinux-calibrated 

assay); no routine 

monitoring needed at 

prophylactic doses

∼77% excreted unchanged in 

urine

Renal dysfunction†; body weight‡; 

drug interactions

Danaparoid 57 ∼25 h (29-35 h 

in renal 

impairment)

Danaparoid-specific anti-Xa 

activity (target 0.5-0.8 

anti-Xa units/mL)

Primarily renal excretion Renal dysfunction†; body weight‡; 

drug interactions

Rivaroxaban 58 Direct factor 

Xa inhibitor

Oral 5-9 h

(11-13 h in 

elderly)

No routine monitoring; anti-

Xa activity when needed

Hepatic metabolism 

(CYP3A4/5, CYP2J2);

∼36% unchanged in urine

Avoid in severe renal dysfunction†; 

not dialyzable; caution at 

extremes of weight‡; drug 

interactions; do not administer 

postpylorus

Apixaban 59 8-15 h No routine monitoring; anti-

Xa activity when needed

Hepatic metabolism 

(CYP3A4/5; minor 

CYP1A2, 2C8, 2C9, 

2C19, 2J2); P-gp 

substrate; ∼27% 

unchanged in urine

Not dialyzable; body weight‡; drug 

interactions

Dabigatran 60 Direct thrombin 

inhibitor

12-17 h

(15-28 h in

renal impairment; 

14-17 h in older 

patients)

No routine monitoring; aPTT

provides qualitative 

estimate

Hepatic/plasma esterases to

active form; primarily 

excreted in urine

Avoid in severe renal dysfunction†; 

partially dialyzable; body 

weight‡; drug interactions; do 

not open capsules; ↑ GI 

bleeding risk; contraindicated 

with mechanical heart valves

Edoxaban 61 Direct factor 

Xa inhibitor

10-14 h No routine monitoring; anti-

Xa activity when needed

Minimal hepatic metabolism; 

primarily renal excretion

Avoid in severe renal dysfunction†; 

avoid if CrCl >95 mL/min; not 

significantly dialyzable; body 

weight‡; drug interactions

Warfarin 62 Vitamin K 

antagonist

20-60 h (factor II 

42-72 h, VII 4-6 h, 

IX and X 27-48 h)

PT/INR (therapeutic range 

typically 2.0-3.0 for most 

indications); avoid 

initiating before platelet 

recovery in HIT

CYP2C9 (major); minor 

CYP2C8, 2C18, 2C19, 

1A2, 3A4; PK affected by 

genomic variants

Drug interactions; initiate only 

after platelet recovery; requires 

bridging with nonheparin 

anticoagulant; reverse if already 

receiving warfarin at HIT 

diagnosis

aPTT, Activated partial thromboplastin time; ACT, activated clotting time; CPB, cardiopulmonary bypass; PT/INR, prothrombin time/international normalized ratio; P-gp, 

P-glycoprotein; GI, gastrointestinal; CrCl, creatinine clearance; PK, pharmacokinetics. *In rows where mechanism of action or route is not listed, the entry follows that of 

the most recently preceding agent in the same drug class. †Renal dysfunction: Avoid in severe renal impairment or unstable renal function. ‡Body weight: use caution in extremes 

of body weight.
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cases, with 1 possibly related major bleeding event. 69 Addi-

tional clinical experience describing fondaparinux use in 
patients with HIT after cardiac surgery has been reported. 70 

After cardiac surgery, HIT most often begins on POD 7 
(median), with 1 or 2 days thereafter required for a suffi-

cient platelet count fall to occur to trigger consideration 
of HIT. Therefore, patients after cardiac surgery typically 
do not require therapeutic-dose anticoagulation for poten-

tial HIT until at least 1 week after surgery, which is gener-

ally a time when therapeutic-dose anticoagulation can be 
safely administered.

Experience with DOACs—primarily rivaroxaban and 
apixaban, with fewer reports for dabigatran and edoxa-

ban—in treating acute HIT is growing. 1,71 A retrospective 
cohort study that included 15 patients (11 after cardiovascu-

lar surgery) treated with DOACs for confirmed HIT found 
no recurrent thrombosis or major bleeding at 30 days; 1 pa-

tient had persistent thrombocytopenia. 72

Dosing strategies for treating HITT should follow estab-

lished VTE treatment regimens. Dabigatran and edoxaban 
require at least 5 days of initial parenteral anticoagulation 
before oral therapy is initiated. In contrast, rivaroxaban 
and apixaban are started without a parenteral lead-in and 
use a higher initial dose (rivaroxaban for 21 days, apixaban 
for 7 days) before transitioning to maintenance dosing to 
reduce early recurrent thrombosis. In patients with isolated 
HIT without thrombosis, limited data support continuing 
the higher dose only until platelet recovery, then switching 
to maintenance doses. 1,71

Statement 3.3: Vitamin K antagonists should not be used 
to treat HIT until after platelet count recovery (to 
>150 3 10 9 /L). (CoR III, LoE B-nonrandomized). 
Vitamin K antagonists (VKAs) inhibit hepatic synthesis 
of vitamin K-dependent clotting factors (II, VII, IX, and 
X) as well as natural anticoagulants (proteins C and S). 
Initiating warfarin can result in an initial prothrombotic 
state due to rapid protein C depletion (half-life ∼6 hours) 
and delayed thrombin inhibition (half-life ∼72 hours). 73 

This prothrombotic imbalance has serious implications in 
acute HIT. A retrospective case-control study found an as-

sociation between warfarin administration and venous 
limb gangrene in patients with HIT. All 8 patients presented 
with HIT and VTE but then developed venous limb 
gangrene after heparin therapy was discontinued and treat-

ment with warfarin was initiated or continued. 73 The high-

est risk of thromboembolism in patients with isolated HIT 
occurs before platelet recovery. 44 Initiating VKA before 
platelet count recovery is not recommended due to the 
risk of life- or limb-threatening thrombosis in patients 
with acute HIT. 1

If a VKA is selected as the long-term anticoagulant after 
platelet recovery (when HIT has become subacute), 
bridging (overlap) with a nonheparin parenteral anticoagu-

lant is required, as patients with HIT remain at risk for

thromboembolism. Bridging should be continued until the 
international normalized ratio is therapeutic for at least

2 days, with a typical overall bridging duration of at least

5 days. 62 Bridging from argatroban (and to a lesser extent 
bivalirudin) increases the international normalized ratio 
and makes transitioning more complicated. Specialized 
protocols can be followed to standardize this transition. 74 

If patients are receiving warfarin at the time of HIT diag-

nosis, warfarin should be immediately reversed with intra-

venous vitamin K, and nonheparin anticoagulation should 
be initiated concomitantly. 1

Statement 3.4: Intravenous immunoglobulin or therapeu-

tic plasma exchange may be considered for refractory or 
progressive acute HIT in addition to therapeutic nonhe-

parin anticoagulation. (CoR IIb, LoE C-limited data). In 
most patients with acute HIT, platelet counts recover after 
heparin cessation, and the risk of thrombosis is mitigated 
with therapeutic nonheparin anticoagulation. Patients who 
have persistent thrombocytopenia beyond 1 week, or who 
develop new or progressive thrombosis despite therapeutic 
anticoagulation, may have heparin-independent antibody-

mediated platelet activation. 75,76 Before initiating adjunctive 
therapy, clinicians should first assess the adequacy and effec-

tiveness of nonheparin anticoagulation and transition to an 
alternative agent if needed. 75

Intravenous immunoglobulin (IVIg) is the most 
commonly used adjunctive therapy for refractory or pro-

gressive acute HIT because it inhibits FcγRIIa-mediated 
platelet activation by binding to platelet Fc receptors. 20,75 

A review of 21 cases found that high-dose IVIg was mainly 
used for delayed-onset or persistent autoimmune HIT. 77 

Approximately 80% of patients had a platelet count in-

crease of >50 3 10 9 /L within 1 week after IVIg initiation. 
One patient experienced a thrombotic event the day after 
IVIg was started, potentially attributable to ineffective anti-

coagulation. The most common dosing strategy was a total 
dose of 2 mg/kg (eg, 1 mg/kg/day for 2 days).

In patients with refractory or progressive acute HIT who 
have an inadequate response to IVIg, therapeutic plasma ex-

change (TPE) can be considered. 75,76 A systematic review 
of studies of refractory HIT included 9 cases treated with 
TPE alone and 1 case with IVIg and TPE. On average, pa-

tients underwent 4 TPE procedures with 1 to 1.5 plasma vol-

umes exchanged, and the majority received fresh-frozen 
plasma, either alone or combined with albumin, as replace-

ment fluid. This review also included 49 patients who 
received IVIg and/or TPE for initial or refractory HIT; all 
of these patients’ platelet counts improved, and platelet re-

covery (>150 3 10 9 /L) occurred at similar rates at an 
average of 6 days after treatment initiation with IVIg 
(55%) and TPE (60%). 78 Accordingly, IVIg and TPE 
appear to achieve comparable rates of platelet recovery to
≥150 3 10 9 /L; however, the supporting evidence is derived 
from heterogeneous, case-level reports and does not allow
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definitive conclusions about their comparative efficacy. 
Clinically, IVIg has most often been employed in refractory 
HIT, whereas TPE has been preferentially applied to enable 
safe intraoperative heparin administration during CPB. 
When TPE is used, fresh-frozen plasma may be preferable 
to albumin for several reasons.

Repletion of clotting factors during therapeutic anticoa-

gulation may mitigate excessive anticoagulant effect and 
reduce bleeding risk in the postexchange period. Fresh-

frozen plasma also restores natural anticoagulants such as 
protein C and protein S and provides IgG, which can inhibit 
FcγRIIa-mediated platelet activation, whereas albumin 
contains neither clotting factors nor immunoglobulins. 76 

Statement 3.5: Temporary cessation of nonheparin thera-

peutic anticoagulation is reasonable with active bleeding 
and HIT. (CoR IIa, LoE C-expert opinion). Contemporary 
cohort data and expert consensus support temporary cessa-

tion of nonheparin anticoagulation during active bleeding 
in patients with HIT. Although HIT is a highly prothrombotic 
state, real-world evidence shows that short, clinically super-

vised interruptions in anticoagulation can be safely under-

taken when bleeding risk exceeds thrombotic risk. In a 
multicenter cohort of 310 patients with acute HIT, Kuter 
and colleagues 79 found that bleeding complications were a 
common indication for adjusting or temporarily discontinu-

ing nonheparin anticoagulants. Such interruptions were not 
associated with an excess of new thrombosis when therapy 
was resumed promptly once hemostasis improved. Addi-

tional contemporary analyses of empiric HIT management 
confirm that clinicians frequently reduce or briefly hold biva-

lirudin or argatroban in patients with major bleeding, hepatic 
dysfunction, or hemodynamic instability; with careful moni-

toring and timely reinstatement of anticoagulation, rates of 
thrombotic progression are low. 66,80 Systematic reviews and 
clinical guidelines explicitly acknowledge the necessity of 
individualized dosing and temporary cessation during life-

threatening bleeding, emphasizing that the priority in such 
situations is stabilizing hemorrhage and then reinitiating a 
nonheparin agent once bleeding risk is controlled. 1,81 In pa-

tients with acute HIT and clinically significant bleeding, 
which contraindicate therapeutic anticoagulation, alternative 
treatments such as IVIg and TPE can be considered. 78

Given the competing risks of thrombosis and hemorrhage 
inherent to HIT, temporary cessation of nonheparin thera-

peutic anticoagulation is reasonable in carefully selected, 
actively bleeding patients, accompanied by close reassess-

ment and early reinitiation once bleeding stabilizes. Multi-

disciplinary decision making is advised regarding 
anticoagulation during the perioperative period. 
Statement 3.6: Routine platelet transfusion is not recom-

mended in nonbleeding patients with HIT. (CoR III, LoE 
C-limited data). Routine platelet transfusion should be 
avoided in nonbleeding patients with HIT. Mechanistically, 
transfused platelets may provide additional substrate for

anti-PF4/heparin antibodies, potentially amplifying FcγIIa-

mediated platelet activation and increasing thrombotic risk.

Observational data support this concern. In a large, multi-

center cohort of 310 patients with HIT, Kuter and col-

leagues 79 found that platelet transfusion was independently 
associated with arterial thrombosis and mortality. These find-

ings align with the 2018 ASH HIT guidelines, which advise 
against prophylactic platelet transfusion in the absence of 
bleeding, citing its lack of proven benefit and its potential 
to exacerbate antibody-mediated platelet activation. 1,80,82 

Other reports have not demonstrated a clear association be-

tween platelet transfusion and thrombosis in patients with 
HIT, 83 highlighting the limitations of available data. Impor-

tantly, no study has shown that prophylactic platelet transfu-

sion reduces bleeding risk or improves outcomes in this 
population. Thus, although in other clinical conditions 
empiric platelet transfusion is recommended when counts 
fall below 10 000 or 20 000, no such recommendation has 
been made or validated in HIT. 84

Systematic reviews and empiric management analyses 
provide further evidence that platelet transfusion is rarely 
indicated in HIT patients without active bleeding. 81,85 The 
observed associations between platelet transfusion and 
adverse outcomes may reflect confounding by disease 
severity because more profound thrombocytopenia prob-

ably signifies more severe HIT and independently confers 
higher thrombotic risk while also increasing the likelihood 
of transfusion. Accordingly, although definitive causality 
cannot be established, the absence of demonstrated benefit 
and the potential for harm support a recommendation 
against routine platelet transfusion in nonbleeding patients 
with HIT.

Statement 3.7: It is reasonable to transfuse platelets in 
patients with HIT and active bleeding. (CoR IIa, LoE 
C-expert opinion). Although routine platelet transfusion 
is discouraged in stable, nonbleeding patients with HIT 
(Statement 3.6), platelet transfusion may be appropriate 
for patients with clinically significant bleeding. Observa-

tional studies of real-world HIT management indicate that 
selective platelet transfusion for major hemorrhage, proce-

dural hemostasis, or severe thrombocytopenia with 
bleeding has not been associated with a clear increase in 
thrombotic complications when transfusion is accompanied 
by close monitoring and timely resumption of nonheparin 
anticoagulation after hemostasis is achieved. 1,86 

Contemporary expert reviews, including perioperative, 
cardiac, and vascular surgery perspectives, consistently sup-

port targeted platelet transfusion for patients with HIT and 
active bleeding when urgent hemostatic support is required. 1 

In this scenario, immediate control of bleeding appropriately 
takes precedence, with the understanding that therapeutic an-

ticoagulation will typically need to be reinitiated once 
bleeding is controlled. Accordingly, although platelet transfu-

sion should be avoided in stable, nonbleeding HIT because of
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potential thrombotic risk, it is reasonable in patients with HIT 
and active bleeding, for whom the anticipated benefit of 
achieving hemostasis outweighs theoretical thrombotic 
concerns. 82

Statement 3.8: In patients with HIT, noninvasive 4-limb 
ultrasonography should be considered to assess for 
proximal deep venous thrombosis and to guide the dura-

tion of anticoagulation. (CoR IIa, LoE B-nonrandom-

ized). Thrombosis is the most frequent complication of 
HIT; lower-extremity deep vein thrombosis (DVT) is found 
in up to 50% of affected patients. 87 Identifying silent DVT 
in patients with HIT is clinically meaningful because the 
presence, extent, and location of thrombosis influences 
both the duration and intensity of anticoagulant use.

Upper-extremity thrombosis is also relevant in postoper-

ative and critically ill patients. In a study of postoperative 
orthopedic and intensive care unit patients with HIT, 
upper-extremity DVT occurred in 9.7% of patients with a 
central venous catheter versus none of the patients without 
such a catheter (P <.001). All events arose at the catheter 
insertion site. Because central venous access is used in 
nearly all cardiac surgery patients during their perioperative 
course, targeted evaluation of central venous catheter sites 
is particularly important. 88

For these reasons, a 4-limb venous duplex ultrasonogram 
is reasonable in patients with confirmed HIT to detect occult 
thrombosis, establish a baseline for follow-up, and inform 
anticoagulation management. This approach supports indi-

vidualized clinical decision making while avoiding routine 
screening in patients with only suspected HIT.

Statement 3.9: In patients with HIT without associated 
thrombosis, anticoagulation is indicated until platelet 
recovery to a stable plateau, for up to 3 months. (CoR 
I, LoE B-nonrandomized). Patients with isolated HIT 
(ie, HIT without clinically apparent thrombosis) remain at 
meaningful risk for thromboembolism even after heparin 
cessation. In a cohort study of patients with HIT and no 
DVT identified by screening ultrasonography, the risk of 
thromboembolic events was highest in the first 30 days after 
heparin was stopped. 44 Approximately 80% of thromboem-

bolisms occurred in the first week, as platelets were 
recovering.

Evidence to guide the optimal duration of anticoagula-

tion in isolated HIT is limited, and no randomized trials 
exist. Contemporary national guidelines recommend 
continuing nonheparin anticoagulation at least until 
platelet recovery, with a total duration not exceeding 
3 months in the absence of thrombosis. 1,42,89 Within that 
range, duration should be individualized based on each pa-

tient’s bleeding risk, thrombotic profile, and clinical tra-

jectory. For many patients, discontinuation shortly after 
platelet stabilization is appropriate; for others, extending 
therapy beyond platelet recovery (up to 3 months) may 
be reasonable (Figure 5).

Statement 3.10: For patients with HIT and thrombosis, 3 
to 6 months of anticoagulation should be considered. 
(CoR IIa, LoE B-nonrandomized). No studies have spe-

cifically attempted to determine the optimal duration of 
anticoagulation for arterial or VTE in patients with HIT. 
HIT-associated thrombosis is generally considered a revers-

ible, provoked thrombotic event, and recommended treat-

ment durations align with standard management for 
thrombosis provoked by other transient risk factors. Current 
national guidelines support 3 months of therapeutic antico-

agulation for HIT-associated thrombosis, with consideration 
of extending therapy to 6 months in selected patients 
depending on clot burden, ongoing risk factors, or 
comorbidities that may predispose them to recurrence. 1,89

Section 4: Management of Patients With HIT Before 
Cardiac Surgery

Patients with past or present HIT who need cardiac sur-

gery pose a unique perioperative challenge. Diagnostic 
and management approaches are outlined, as are best prac-

tices (Table 5).

Statement 4.1: In patients with a history of HIT under-

going nonemergency cardiac surgery, it is recommended 
to perform an immunoassay. (CoR I, LoE C-expert 
opinion). In patients with a history of HIT who undergo 
nonemergency cardiac surgery, immunoassay testing is 
essential to determine whether anti-PF4/heparin anti-

bodies are still present. This information directly influ-

ences perioperative planning, including any further 
functional testing, timing of surgery, and the selection of 
intraoperative anticoagulation (eg, UFH vs nonheparin al-

ternatives), thereby optimizing patient safety during car-

diac surgery. 7

This recommendation reflects the elevated thrombotic 
risk associated with inadvertent heparin re-exposure in pa-

tients with prior HIT. Determining whether anti-PF4/ 
heparin antibodies persist is essential because immunoassay 
positivity may continue for months after an episode of HIT. 
Re-exposure to heparin during the acute or subacute A 
phase, when platelet-activating antibodies are still present, 
can trigger rapid platelet activation, severe thrombocyto-

penia, and life-threatening thrombosis. 2,90 Immunoassay 
testing helps identify patients in whom intraoperative 
UFH remains unsafe.

Statement 4.2: In patients with confirmed HIT, it is 
recommended that nonemergency cardiac surgery be 
delayed until the functional assay is negative. (CoR I, 
LoE B-nonrandomized). In patients with confirmed 
HIT, it is recommended to postpone nonemergency cardiac 
surgery until the functional assay becomes negative because 
persistent platelet-activating anti-PF4/heparin antibodies 
are the primary drivers of recurrent thrombocytopenia and 
perioperative thrombosis when heparin is reintroduced in 
the presence of a strong prothrombotic stimulus such as
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CPB. Serial cohort studies have shown that the risk of HIT-

related arterial and venous thrombosis is highest during the 
acute and subacute A phases, when functional assays 
remain positive. 91-94

Delaying surgery until functional assays are negative re-

duces the risk of perioperative thrombotic complications 
and allows safe re-exposure to heparin during CPB. 
Because HIT antibodies can persist for 60 to 90 days, defer-

ring elective procedures until platelet-activating antibodies 
are no longer detectable can mitigate antibody-mediated 
thrombotic risk. 7

Statement 4.3: In patients with HIT and a positive func-

tional assay who require urgent/emergency cardiac sur-

gery, it may be reasonable to use either intraoperative 
bivalirudin alone or heparin with additional measures; 
for example, preoperative IVIg and/or TPE. (CoR IIb, 
LoE C-limited data). In patients with acute or subacute 
HIT and a positive functional assay and for whom cardiac 
surgery cannot be delayed, measures should be taken to 
mitigate the marked prothrombotic risk associated with

intraoperative heparin exposure. Positive functional assays 
indicate the continued presence of platelet-activating anti-

bodies, and re-exposing patients to heparin in this situation 
can precipitate rapid platelet activation and life-threatening 
venous or arterial thrombosis. To reduce the likelihood of 
thrombotic complications in patients requiring urgent/ 
emergency cardiac surgery, 2 broad approaches have been 
described:

• Using a nonheparin anticoagulant during CPB, most 
commonly the direct thrombin inhibitor bivalirudin, for 
which the most data have been published regarding its 
use in cardiac surgery requiring CPB. 95-97 The major 
challenges with DTIs are proper monitoring, venous 
reservoir management, 98 and lack of a target-specific 
reversal agent after CPB, as well as the risk of stagnant 
blood clotting (eg, within clamped conduits as a result 
of time-dependent degradation of bivalirudin).

• Heparin-based strategies combined with antibody-

modifying interventions to reduce PF4-heparin antibody

FIGURE 5. Therapeutic anticoagulation options for acute heparin-induced thrombocytopenia, stratified by clinical stability and bleeding risk, with guid-

ance on agent selection and duration of therapy. IV, Intravenous; DTI, direct thrombin inhibitor; VKA, vitamin K antagonist; DOAC, direct oral anticoagulant.
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levels or activity before heparin exposure. In this 
approach, UFH is restricted to the CPB period, with non-

heparin anticoagulation used outside CPB as needed. 
Adjunctive interventions include TPE to remove circu-

lating antibodies and preoperative intravenous immuno-

globulin, which can neutralize platelet-activating 
effects of HIT antibodies through Fc receptor blockade 
and attenuate downstream activation. 99,100

A recent case report described the use of intraoperative 
heparin for urgent cardiac surgery after 2 doses of IVIg, 
with platelet activation studies of pre- and post-IVIg blood 
samples confirming that high-dose IVIg inhibited platelet 
activation, particularly at the high heparin concentrations 
used during cardiac surgery. 101 This finding is mechanisti-

cally relevant because HIT antibody-induced platelet acti-

vation is maximal at 0.1 to 0.5 U/mL heparin, whereas 
cardiac surgery is usually performed at 2 to 5 U/mL—a con-

centration range at which IVIg-mediated inhibition appears 
most effective. These observations support the theoretical 
basis for high-dose IVIg as an adjunct to inhibit platelet-

activating HIT antibodies when heparin anticoagulation is 
required for cardiac surgery in a patient with acute HIT. In-

traoperative platelet inhibition with epoprostenol or tirofi-

ban coadministered with UFH has been reported in small 
case series with variable results; evidence is of very low cer-

tainty, and a recent retrospective cohort raised concern 
about thrombotic risk with epoprostenol in patients with 
confirmed platelet-activating antibodies, 102 whereas tirofi-

ban may pose bleeding risk in patients with renal impair-

ment. 81 These strategies may warrant consideration in 
highly selected cases when other options are not feasible 
or based on institutional experience with these agents. 
Statement 4.4: Intraoperative heparin is recommended 
in patients with a history of HIT and a negative immuno-

assay and functional assay; intraoperative heparin is 
also appropriate if the immunoassay is positive but the 
functional assay is negative. (CoR I, LoE C-limited 
data). Once platelet-activating antibodies are no longer 
detectable, the risk of HIT recurrence with short-term, intra-

operative UFH exposure is very low. 103 Immunoassays for 
HIT (eg, PF4/heparin ELISAs) are highly sensitive and often 
detect nonpathogenic antibodies, whereas functional assays 
such as the SRA and the heparin-induced platelet activation 
test provide greater specificity for platelet-activating anti-

bodies, making them more clinically relevant. 104

In a series of patients with previous HIT and negative im-

munoassays, minimal to no recurrence of HIT or new 
thrombotic events were reported in those patients for 
whom heparin was restricted to the intraoperative period 
(n = 17). 103 Patients with a positive immunoassay but a 
negative functional test typically have nonactivating anti-

bodies and, similarly, have a minimal risk of HIT-related 
thrombosis or platelet fall. The benefits of heparin use

(predictable performance on CPB, established dosing/ 
reversal, and extensive clinician experience) are substantial 
and outweigh the risks associated with less familiar antico-

agulation drugs and strategies.

Section 5: HIT and Extracorporeal and Temporary 
Mechanical Circulatory Support After Cardiac 
Surgery

Statement 5.1: The 4Ts should not be used to guide HIT 
testing in patients receiving postcardiotomy ECMO. 
(CoR III-no benefit, LoE B-nonrandomized). No clin-

ical scoring system has demonstrated adequate performance 
in estimating HIT probability or guiding laboratory testing 
in patients supported with postcardiotomy ECMO. 105 The 
4Ts score has been studied most extensively; its PPV is 
only 21% to 25% in patients supported by ECMO. 106-108 

This low PPV is probably due, in part, to inevitable 
thrombocytopenia from exposure to ECMO. 
Observational studies show that, in patients supported by 
ECMO, 4Ts scores tend to be similar among both those 
with confirmed HIT and those with HIT excluded. 109,110 

In contrast, several other observational studies have identi-

fied ECMO-supported patients who had high OD values, 
positive HIT-IgG, or positive SRA despite having a low-

probability 4Ts score. 106-108,111 Other scoring systems 
such as the HIT Expert Probability score and the Lillo-Le 
Lou€et score have less supporting evidence and even poorer 
predictive value than that of the 4Ts score and also should 
not be used to guide HIT testing in patients receiving post-

cardiotomy ECMO. 105

Statement 5.2: HIT testing should be considered in pa-

tients receiving ECMO for postcardiotomy shock who 
experience persistent thrombocytopenia 5 to 14 days af-

ter their first exposure to UFH. (CoR IIa, LoE B-non-

randomized). Thrombocytopenia is nearly universal in 
patients with postcardiotomy shock requiring ECMO sup-

port. 106,112 Therefore, platelet trends alone are generally un-

reliable; however, a failure of platelet recovery after day 5 
or a continued decline is more characteristic of HIT than 
of ECMO-related consumption. Further, screening scores 
have poor predictive value during ECMO, reinforcing the 
need for immunoassay and confirmatory functional assays 
(eg, SRA), particularly in the 5- to 14-day window after first 
exposure to UFH. 106,108

Previous studies have reported HIT rates in patients on 
ECMO ranging from 0.36% to 8.3%, 106,110,113 with more 
recent reports indicating a prevalence of 2% to 
4%. 105,108,114,115 Thromboembolic complications, particu-

larly arterial ones, have been reported in more than 50% 
of patients with postcardiotomy shock requiring 
ECMO. 106,110,116 Mortality remains high at 33% to 60%, 
although several series indicate similar mortality rates be-

tween patients receiving ECMO with and without 
HIT. 109,114-117 Early recognition of HIT, prompt cessation
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of heparin, and transition to a DTI improve platelet 
recovery, decrease device-related complications, and may 
reduce mortality. 110,113,116,117

Statement 5.3: Administering a DTI is a reasonable 
strategy for anticoagulation during postcardiotomy 
ECMO because it reduces patients’ risk of developing 
HIT. (CoR IIa, LoE B-nonrandomized). Although hepa-

rin is the most-used agent for maintenance anticoagulation 
during ECMO, 118 DTIs such as bivalirudin and argatroban 
are increasingly used as alternatives. Evidence from obser-

vational studies suggests that compared with heparin, these 
agents may be associated with fewer circuit-related throm-

botic events and similar or lower bleeding risk in patients 
supported by ECMO. 119,120 These effects may be due to 
DTIs’ engagement with not only circulating thrombin, as 
with heparin, but also clot-bound thrombin, 121,122 which 
is relevant given that ECMO circuitry components have a 
substantial propensity for fibrin deposition. 123 Further, in 
patients supported by ECMO, bivalirudin has been shown 
to achieve anticoagulation targets faster and maintain 
them more consistently than heparin. 124 Potential reasons 
include bivalirudin not relying on a cofactor, 125 not interact-

ing with plasma proteins, 126 and not having batch-to-batch 
variability in potency due to the manufacturing process. 127 

DTIs should be used cautiously or avoided when the acti-

vated partial thromboplastin time might be inaccurate (eg, 
due to a lupus anticoagulant) unless alternative monitoring 
assays are available, such as the dilute thrombin time or the 
ecarin chromogenic assay. 128

Statement 5.4: It is recommended that patients on 
ECMO requiring anticoagulation with suspected HIT 
Are switched to a direct thrombin inhibitor and all hep-

arin products should be discontinued. (CoR I, LoE C-

expert opinion). When HIT is suspected, termination of 
all heparin anticoagulation is recommended, and an alterna-

tive nonheparin anticoagulant should be initiated to miti-

gate thrombotic risk. 115,117,129 DTIs offer distinct 
advantages over heparin by providing more predictable 
anticoagulant effects due to their relative independence 
from dynamic plasma protein concentration and cell counts 
and their ability to bind both clot-bound and circulating 
thrombin. 129 The DTIs most frequently used during 
ECMO support are argatroban and bivalirudin. Bivalirudin 
has emerged as the preferred agent for anticoagulation in 
ECMO-supported patients with HIT because its short 
half-life and predictable pharmacokinetics are well suited 
to the frequent interruptions and resumptions of anticoagu-

lation necessitated by bleeding events and procedural inter-

ventions. 129-131 The effect of heparin coating within ECMO 
circuits on HIT development and severity is worth 
considering. However, at present, there is no evidence to 
support the transition from a heparin-coated ECMO circuit 
to a circuit that is not heparin coated upon suspicion or diag-

nosis of HIT (Table 6). 115,117,131

Statement 5.5: In postcardiotomy patients with sus-

pected HIT who require a microaxial flow pump, sodium 
bicarbonate-based purge solutions should be preferred 
over heparin-based solutions. (CoR IIa, LoE B-non-

randomized). Microaxial flow pumps require a counter-

current purge solution that provides component lubrication 
and creates a positive pressure barrier to prevent thrombosis 
and failure due to protein deposition and blood leakage into 
the pump motor housing. 132-134 Historically, heparin-based 
solutions were used for this purpose, but ionic charge, rather 
than the anticoagulant effect, has been identified as the 
important characteristic of purge solutions. 133,135 Sodium 
bicarbonate provides a similar ionic environment, stabilizes 
blood proteins, and reduces protein deposition on pump 
components. 132-134 Furthermore, sodium bicarbonate may 
disrupt fibrinogen-to-fibrin conversion, further limiting 
biomaterial deposition within the pump. 132 Observational 
studies have demonstrated comparable device viability 
with dextrose-based sodium bicarbonate purge solutions 
and heparin-based solutions. 132,134,136-138

FIGURE 6. Ten key take-home principles for heparin-induced thrombo-

cytopenia (HIT) in cardiac surgery. CPB, Cardiopulmonary bypass; 4Ts, 

Thrombocytopenia, Timing, Thrombosis, oTher cause; ECMO, extracor-

poreal membrane oxygenation; TPE, therapeutic plasma exchange; IVIg, 

intravenous immunoglobulin; UFH, unfractionated heparin.

TABLE 6. Cardiopulmonary bypass (CPB) and extracorporeal 

membrane oxygenation (ECMO) circuit management considerations 

for patients with heparin-induced thrombocytopenia (HIT)

Best practices

Use CPB components (eg, circuit tubing, cannulas, oxygenators) and 

intravascular catheters with nonheparin-bonded surface coatings 

where available.

When DTIs are used for anticoagulation during CPB, use ultrafiltration to 

reduce DTI concentration after weaning from CPB.

Transfer residual CPB circuit blood to a cell-washing device to remove 

residual anticoagulant before reinfusion.

Do not use heparin flush for intraoperative cell salvage.

Use citrate-based anticoagulant flush solutions for intraoperative cell 

salvage as an alternative to heparin.

The necessity to replace a heparin-bonded ECMO circuit in a patient with 

suspected or confirmed HIT has not been established.

DTI, Direct thrombin inhibitor.
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CONCLUSIONS

Heparin-induced thrombocytopenia in cardiac surgery 
presents distinct diagnostic and therapeutic challenges 
driven by universal heparin exposure, postoperative platelet 
kinetics, and the complexity of perioperative care. A sum-

mary of major take-home points is provided in Figure 6. 
This interdisciplinary, multispecialty AATS consensus pro-

vides cardiac surgery-specific, evidence-informed recom-

mendations to improve diagnostic accuracy, guide 
appropriate immunoassay and functional testing, optimize 
selection of nonheparin anticoagulants, and standardize 
perioperative management for patients with acute or prior 
HIT, including those requiring CPB or ECMO support. 
By integrating clinical context with the best available evi-

dence, these recommendations aim to reduce misdiagnosis, 
prevent avoidable thrombosis and bleeding, and support 
safer re-exposure or alternative anticoagulation strategies 
across the continuum of cardiac surgical care.

Webcast

You can watch a Webcast of this AATS meeting presen-

tation by going to: Xxx.
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	Statement 1.1: Daily platelet count monitoring is recommended for early detection of HIT during hospitalization after cardi ...
	Statement 1.2: Low-molecular-weight heparin should be considered an alternative to UFH for venous thromboembolism prophylax ...

	2: Diagnostic Approach
	Statement 2.1: During the first 4 days after cardiac surgery, the 4Ts score should not be used to guide HIT testing. (CoR I ...
	Statement 2.2: During the first 4 days after cardiac surgery, it is recommended to order a HIT immunoassay (without 4Ts sco ...
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	3: Treatment of HIT
	Statement 3.1: In patients with confirmed HIT who are critically ill, are at elevated risk of bleeding, or may require addi ...
	Statement 3.2: In patients with confirmed HIT who are at lower risk of bleeding and are unlikely to need additional procedu ...
	Statement 3.3: Vitamin K antagonists should not be used to treat HIT until after platelet count recovery (to ﹥150 × 109/L). ...
	Statement 3.4: Intravenous immunoglobulin or therapeutic plasma exchange may be considered for refractory or progressive ac ...
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