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Off‑pump coronary artery bypass
with heparin in a patient with a history
of heparin‑induced thrombocytopenia: a case
report
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Abstract
Background: Cardiovascular surgery for patients with a history of heparin-induced thrombocytopenia (HIT) with
thrombosis requires careful perioperative anticoagulation therapy. When cardiovascular surgery is required for
patients having ‘remote’ HIT, such as those who had a history of HIT and platelet factor-4/heparin antibodies turned
out to be negative, it is recommended that re-exposure to heparin should be limited only to the intraoperative phase.
However, few case reports have described detailed strategies for perioperative anticoagulation regimens.
Case presentation: We present the case of a 76-year-old woman, presenting with unstable angina pectoris and
requiring coronary artery bypass grafting. She had a history of cardiac resuscitation and percutaneous coronary
intervention for unstable angina pectoris with ventricular tachycardia 7 years prior, which caused HIT with thrombosis
resulting in amputation of four fingers. On admission, platelet factor-4/heparin antibodies, biomarkers for HIT were
not detected; the platelet count was 18.0 × 104/µl. Off-pump coronary artery bypass grafting was performed using
heparin; argatroban infusion was continued until 9 h prior to the operation and restarted 3 h postoperatively, bridged
with regular warfarin from 4 days to 3 months postoperatively. Platelet factor-4 /heparin antibodies were detected on
postoperative day 8 without any clinical symptoms and became negative by day 91.
Conclusion: We consider this anticoagulation strategy is effective especially in countries, where bivalirudin is not
available. Re-exposure to heparin in cardiovascular surgery for patients with a history of ‘remote HIT’ is reasonable, and
appropriate anticoagulation is important for an uneventful postoperative course.
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Background
Heparin-induced thrombocytopenia (HIT) is an antibody-mediated adverse effect of heparin, causing devastating thromboembolic events which result in adverse
outcomes [1, 2]. One of the characteristics of the HIT
immune response is its transient nature, with a median
time to negative of 85 days [3].
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The incidence of HIT in cardiac surgery is 1–2.4%
[1–3], with venous thrombosis being the most common
complication; in addition, 17–55% of untreated patients
with thrombocytopenia develop deep vein thrombosis (DVT) and/or pulmonary embolism (PE) [1]. Arterial thrombotic events, including limb embolism, stroke,
and myocardial infarction (MI), also occur, but less often
(3–10%) [1]. The mortality rate of patients with HIT with
thrombosis (HIT-T) is 5–10%, which usually occurs as a
result of thrombotic complications [4, 5].
As per the recommendations of the American College
of Chest Physicians (ACCP), non-heparin anticoagulants,
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such as bivalirudin and argatroban, are the first-line anticoagulation therapy in patients with a history of HIT [1].
The EVOLUTION-On study reported no difference in
the clinical outcome, which was defined as the absence of
death, Q-wave MI, stroke, or repeat coronary revascularization, between heparin and bivalirudin in cardiopulmonary bypass (CPB) [9]. Unfortunately, bivalirudin is not
available in Japan; therefore, argatroban is the first choice.
When performing cardiac surgery in a history of HIT,
distinguishing the phase of HIT (acute, subacute, remote)
is important. When a patient has had prior development
of platelet factor-4/heparin antibodies (PF4/H Ab) and
has subsequently tested negative, they are termed as having ‘‘remote’’ HIT [1, 6]. Moreover, when cardiovascular
surgery is required for patients having ‘‘remote’’ HIT, it is
recommended that re-exposure to heparin should be limited only to the intraoperative phase. However, few case
reports have described detailed strategies for perioperative anticoagulation regimens, especially in countries,
where anticoagulants other than heparin, such as bivalirudin, are not available.
Herein, we present a case of off-pump coronary artery
bypass (OPCAB) with a combination of heparin and
perioperative argatroban use in a patient with a history
of HIT-T.

Case presentation
A 76-year-old woman with a history of HIT-T was
admitted to our department for unstable angina pectoris (UAP); coronary artery bypass grafting (CABG) was
indicated. Her first admission by the cardiologist was
7 years prior for UAP with congestive heart failure, and
diagnosed with three-vessel coronary artery disease. She
was mechanically ventilated; intra-aortic balloon pumping (IABP) and percutaneous coronary intervention
(PCI) with a bare-metal stent to the right coronary artery
(RCA) were performed. Post-intervention, continuous
hemodiafiltration (CHDF) with heparin was continued.
Repeated heparin use caused gangrene and amputation
of four fingers; she was subsequently diagnosed with
HIT-T, and a temporary tracheostomy was required.
Moreover, due to her poor general condition, PCI for
residual coronary disease was not performed.
Other comorbidities included insulin-dependent diabetes mellitus (hemoglobin A1c = 6.4%), chronic kidney
disease (eGFR = 15 ml/min/1.73 m2), pulmonary hypertension, and peripheral artery disease (left carotid artery
and left radial artery stenosis). There was no family history of coronary disease, allergy, or history of smoking.
Her left ventricular function was moderately impaired
(left ventricular ejection fraction, 44%). The preoperative platelet count was 18.0 × 104/μl, and platelet factor
PF4/H Ab was negative; thus, she was diagnosed with
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‘‘remote’’ HIT [1, 6]. The estimated postoperative mortality by Japan SCORE II (which does not include entry for
the thromboembolism) was 4.9%, and the estimated risk
of mortality and morbidity was 28%.
On admission, aspirin and clopidogrel were substituted for argatroban, and argatroban was used during
coronary angiography. Target activated partial thromboplastin time (aPTT) was twice the baseline; thus, argatroban was administered until 9 h prior to the operation.
Surgery was performed under general anesthesia, and
a median sternotomy approach was used. Simultaneously, the right femoral artery and vein were secured by
introducing peripheral mechanical circulatory support,
avoiding central cannulation for cardiopulmonary bypass
establishment.
A bolus of 5000-unit unfractionated heparin was
administered when anastomosis was started, and activated clotting time (ACT) was maintained between 189 s
(control score) and 429 s (Fig. 1). After all coronary anastomoses (RITA-LAD, LITA-LPL, SVG-4PD) were completed, 100 mg protamine was administered; however,
the ACT did not normalize fully (Fig. 1). The surgery was
uneventful, and the patient was extubated in the operating theater. The intra and postoperative blood losses were
495 cc and 358 cc/16 h, respectively.
Furthermore, the postoperative anticoagulation regimen was based on the ACCP guideline [1]. Argatroban
was initiated at 0.2µg/kg/min (this value is in accordance with the Japanese standard [7]) 3 h postoperatively
and continued until postoperative day (POD) 6. (Fig. 2)
Warfarin was also started when platelet count exceeded
10 × 104/μl on POD 4 and continued for 3 months. The
postoperative course was uneventful, and there were no
signs of thromboembolism. PF4/H Ab was positive on
POD 8 (examined by latex flocculation turbidimetry;
2.8 U/ml: the threshold is < 1.0) and negative by POD 91.
Informed consent was obtained from the patient for
the reporting of this case.

Discussion
Our patient’s clinical course suggested that in a ‘‘remote’’
HIT case, OPCAB could be carried out safely with the
combination of perioperative argatroban and intraoperative heparin.
HIT is an antibody-mediated adverse drug reaction
that is relatively common and has devastating comorbidity [2]. Platelet-activating immunoglobulin G (IgG) recognizes PF4 /H Ab complexes and causes HIT [2]. One
of the characteristics of PF4/H Ab is its transient nature
(median time to negative is 85 days) [3]. Therefore, surgery should be delayed for 3 months, unless it is urgent.
Although approximately 50% of patients who
undergo cardiac surgery will eventually become HIT
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Fig. 1 Course of ACT and anticoagulation. Course of ACT and anticoagulation. Dual antiplatelet therapy was converted to argatroban
preoperatively. The dose of heparin and the reaction of ACT were as usual. Clot formation was observed in the surgical field when the ACT was
around 300 s. Even when sufficient protamine was used, the ACT was prolonged. ACT, activated clotting time
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Fig. 2 Course of platelet count, anticoagulation therapy, and PF4/H
antibody. Platelet count reduced to 7.8 × 104/μl on POD 2 and
recovered gradually. Argatroban was initiated 3 h postoperatively and
continued until POD 6. Warfarin was also started when platelet count
exceeded 10 × 104/μl on POD 4 and continued for 3 months. PF4/H
Ab turned positive on POD 8, but disappeared 91 days later. POD,
postoperative day; PF4/H Ab, platelet factor-4/heparin antibodies

antibody-positive [1], only 1–2.4% will develop clinical
HIT or HIT-T [1–4]. In general, in cardiac surgery, the
platelet count decreases by approximately 38% immediately after CPB and continues to decrease for the first
1–2 PODs [1, 8]. If thrombocytopenia persists for 4 days
postoperatively, HIT or HIT-T should be suspected [1].
In case of urgent cardiac surgery in a patient with HIT,
ACCP guidelines suggest the use of bivalirudin over other
non-heparin anticoagulants or heparin plus antiplatelet
agents (Grade 2C) [1]. Furthermore, the EVOLUTIONOn study reported no difference in the clinical outcome

of heparin and bivalirudin in CPB [9]. Unfortunately,
bivalirudin is not available in Japan; therefore, argatroban
is the first choice.
In cases with a history of HIT with absent heparin antibodies, the management strategies differ. After testing
negative for PF4/H Ab, the status is termed as ‘remote’
HIT and only short-term use of heparin is suggested
over non-heparin anticoagulants (Grade 2C) [1]. Some
studies have reported re-exposure to heparin in ‘remote’
HIT cases but the recurrence of HIT in cardiac/vascular surgery cases seems to be relatively low compared to
the general incidence (1–2.4%) [1–4], with an incidence
of 0–5% for HIT and 0% for HIT-T [2, 10–12]. Although
PF4/H Ab was detected on POD 8 in our case (Fig. 1),
appropriate postoperative anticoagulation prevented
HIT-T. Since long-term use of heparin is a risk factor for
HIT [1], the use of heparin should be limited to a very
short period intraoperatively.
In the present case, heparin was used only during the
intraoperative phase, and argatroban was considered
as a perioperative anticoagulation. The course of ACT
with heparin was normal (Fig. 1). The ACT data must
be carefully taken in combination with actual observation of the operative field, always checking for sufficient
anticoagulation.
Argatroban is metabolized by the liver [13], without neutralization. There is no standard control protocol for the use of argatroban, such as for heparin
and bivalirudin [14]. Although argatroban has a short
half-life (40–50 min) as compared to heparin [13], the
anticoagulation effect remains longer than expected,
and postoperative bleeding increases [15]. Moreover, the anticoagulation effect sometimes tends to be
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poor, and the risk of thrombotic occlusion of the CPB
circuit increases [16]. Argatroban is not the preferred
option in HIT cases, especially during the intraoperative phase, but is acceptable during the pre- and postoperative phases when other options are limited.
Postoperative anticoagulants are recommended for
planned re-exposure to heparin for cardiac surgery
with ‘remote’ HIT case [2], and when the Vitamin K
antagonist is used, it should be initiated after platelets have substantially recovered [1]. Although taking
warfarin until PF4/H Ab becomes negative increases
the bleeding risk, we continued, because the antibody
turned POD 8.
This patient was treated with OPCAB; however, in case
of emergency conversion to on-pump CABG, peripheral
(via the femoral artery and vein) extracorporeal membrane oxygenation (ECMO) should be considered, since
clot formation in central (via the aorta and vena cava)
ECMO will result in immediate hemodynamic collapse
and increase the risk of cerebral infarction. Minimizing
the dose of heparin by choosing peripheral ECMO is
another way to decrease the risk of HIT.

Conclusion
We present a case of a patient with a history of ‘remote’
HIT-T who underwent successful OPCAB with heparin and argatroban. Although this is a single case report,
we consider this anticoagulation strategy to be effective
especially in countries, where bivalirudin is not available.
Re-exposure to heparin in cardiovascular surgery for
patients with a history of ‘remote HIT’ is reasonable, and
appropriate anticoagulation is important for an uneventful postoperative course.
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