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Introduction: Heparin-induced thrombocytopenia (HIT) is a relatively rare condition burdened by a high rate of complications and
mortality. Cardiac surgery is a high risk setting for this condition. But in this area, some particularities can make both diagnosis and
treatment difficult. Warfarin is often needed after valvular surgery but may be dangerous if HIT is ongoing. Danaparoid is the only
anticoagulant whose mechanism of action has been demonstrated to counteract the pathogenesis of HIT. However, the 24-hour half-life
challenges its use after surgery.

Case Presentation: Here, we present a case in which HIT occurred six days after cardiac surgery. Warfarin was initiated two days
after surgery but was stopped five days later, given the high risk of bleeding due to concomitant thrombocytopenia. HIT probability
was initially underestimated, because a misleading diagnosis of endocarditis was made. When redo surgery was performed, no
infectious masses were found, but a large thrombus was removed from the left atrium. Bivalirudin and danaparoid were used as
alternative anticoagulants during the subsequent postoperative course.

Conclusion: HIT should always be kept in mind after cardiac surgery, even if a more plausible cause of thrombocytopenia is present.
Discontinuation of warfarin could lead to catastrophic consequences if an unrecognized HIT is ongoing, and an alternative antic-
oagulant is not started. Bivalirudin and danaparoid were used after the diagnosis of HIT, adapting anticoagulant therapy to the needs of
recent surgery.

Keywords: thrombocytopenia, heparin, danaparoid, warfarin, endocarditis, bacterial, embolism and thrombosis, mitral valve
annuloplasty, echocardiography

Introduction
Cardiac surgery is considered a high-risk setting for heparin-induced thrombocytopenia (HIT).! In a recent study,” we reported
that as many as 16 patients with acute HIT, in whom HIT was diagnosed more than five days after the initiation of vitamin
K antagonist (VKA) therapy, did not experience new thromboembolic complications although VKA was neither discontinued
nor reversed, as current guidelines would advise.”* We hypothesized that this result could be ascribed to the early initiation of
oral anticoagulation at our institution in patients in whom VKA was indicated. In fact, since antibodies are typically formed more
than five days after heparin exposure, by that time warfarin anticoagulation may have already been balanced in favor of the
inhibition of procoagulant factors.

Here, we describe a case of HIT complicated by thrombosis, from which we can draw some key tips on the real-world
management of HIT in cardiac surgery.
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Graphical Abstract
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Case Presentation

We describe the case of a 52-year-old Caucasian female patient. Her cardiovascular risk factors were dyslipidemia and
that she was overweight. She had no previous surgeries. She reported two full-term pregnancies and one abortion and had
a negative family history of thrombophilia.

She had suffered an ischemic stroke three years prior to the admission, due to atrial fibrillation. On that occasion,
transthoracic echocardiography revealed moderate/severe mitral regurgitation. Amiodarone-induced hyperthyroidism
also occurred. In the following months, while presenting progressive and complete neurologic recovery she had
a rapid progression of mitral regurgitation and dyspnea such that surgery was indicated.

Medications prior to admission included warfarin, tapazole, furosemide, potassium canrenoate and bisoprolol.

The surgical procedure consisted of mitral valve repair with a Carpentier-Edwards Physio II annuloplasty ring,
tricuspid valve repair with a Medtronic Contour 3D annuloplasty ring and left atrial appendage exclusion with atriclip pro
device, performed via right mini-thoracotomy access.

The immediate postoperative course was regular. The patient was discharged from the intensive care unit on
postoperative day (POD) 2 in excellent clinical condition.

In accordance with our anticoagulation protocol, 5000 IU of subcutaneous UFH three times a day was reintroduced
on POD 1, while oral warfarin was also started on POD 2 aiming for a target international normalized ratio (INR)
between 2 and 3.

On POD 6, subcutaneous heparin was discontinued because the INR was already within the therapeutic range (2.5).
On the same day a fever occurred. Consequently, the central venous catheter was removed, and the tip and blood samples
were collected for culture. A transthoracic echo ruled out endocarditis. A few days later, two blood cultures tested
positive for staphylococcus epidermidis.

On POD 7, the patient had thrombocytopenia (34 x 10°/L from 267 x 10°/L on POD 5), and a 1 mg/dl decrease in her
Hb level. Therefore, since the INR was already 2.6, warfarin was suspended, and vitamin K was administered (5 mg).

On POD 9, a floating mass on the mitral annulus became visible on both transthoracic and transesophageal
echocardiography while PLT count reached the nadir of 21 x 10%/L (Figure 1 and Supplemental videos 1 and 2).

The urgent indication for redo surgery was decided upon. While antibiotics were started (piperacillin/tazobactam and
vancomycin), HIT suspicion also arose because of a 4T score of 5 (Figure 2).
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Figure | TTE and TEE images of the mitral valve.
Notes: (A) transthoracic parasternal view. (B) Transesophageal four chambers view. Vegetating mass (arrows) mimicking endocarditis.
Abbreviations: TTE, transthoracic echocardiography; TEE, transesophageal echocardiography.
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Figure 2 Platelet count, clinical events, and treatment during hospitalization.
Notes: Platelet count during hospitalization (dotted line). Clinical events are indicated by vertical arrows. Anticoagulation management and duration is indicated by
horizontal arrows.

Therefore, an immunoglobulin (Ig)G-specific anti-PF4-heparin chemiluminescent immunoassay (CLIA) was ordered,
and the alternative anticoagulant fondaparinux (7.5 mg once a day) was initiated and maintained until the day before
surgery. CLIA test resulted positive for PF4/heparin antibodies (8.9 U/mL), and the heparin-induced platelet activation
assay (HIPA) confirmed HIT diagnosis on POD 10.

Redo operation was performed on POD 12. Bivalirudin was the anticoagulant of choice for cardiopulmonary bypass,
as had been successfully done in the past in similar cases.” Unexpectedly, a voluminous thrombotic mass (Figure 3) was
removed from the patient’s left atrium (further confirmed as a thrombus by histologic examination and by a negative
culture exam). The diagnosis of HIT with thrombosis (HITT) was therefore clear, and alternative anticoagulation therapy
with bivalirudin at therapeutic dose was resumed in the postoperative period as soon as bleeding became negligible.
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Figure 3 Atrial thrombus after removal.

The patient was weaned from the ventilator on POD 2. On POD 4, after removal of the chest tubes, bivalirudin was
discontinued, and danaparoid was initiated. Two subcutaneous (750 U) doses were administered first; thereafter,
endovenous infusion was started at 396 U/h for the first 4 hours, 297 U/h for the next 4 hours and then 198 U/h.
Danaparoid was monitored daily through its plasmatic anti-Xa activity (Figure 4).

On POD 15, a right pleural effusion occurred, which was drained in the following days. Therefore, planning
thoracentesis, danaparoid was temporarily discontinued. Danaparoid anti-Xa activity was monitored every 12 hours
until it reached the prophylactic range target (0.1-0.2 U/mL).

Thoracentesis was performed on POD 17, 38 hours after danaparoid suspension when anti-Xa activity was 0.14 U/mL. The
drug was resumed 2 hours after the uncomplicated procedure (180 U/h and 162 U/h the following day) once procedural
complications were excluded. The anti-Xa activity target was then set at the lowest level of the therapeutic range (0.45 U/mL).
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Figure 4 Danaparoid infusion, anti-Xa activity monitoring to perform thoracentesis and switch to VKA.

Notes: The first two danaparoid doses were administered subcutaneously (orange dots). Danaparoid infusion rate (orange line; U/h), anti-Xa activity monitoring (blue line;
U/mL), predicted anti-Xa activity after stopping danaparoid, considering 25 h half-time (gray line; U/mL). VKA oral administrations (red dot).

Abbreviations: VK, vitamin K antagonist (warfarin); INR, international normalized ratio.
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On POD 18, when the anti-Xa activity was 0.39 U/mL, and the platelet (PLT) count had substantially recovered (160 x 10%/L),
the switch from danaparoid to vitamin K antagonist (VKA) was initiated. The first warfarin dose (5 mg) was administered starting
from an INR 1.1. Over the next five days, the INR and the administered warfarin dose were as follows: 1.2 and 6.25 mg, 1.4 and
6.25 mg, 1.9 and 6.25 mg, 2.1 and 6.25 mg, and 2.8 and 3.75 mg, respectively.

On POD 20, after 66 hours from warfarin initiation, danaparoid infusion was stopped while plasma anti-Xa activity
was 0.54 U/mL. Two days after discontinuation, the measured danaparoid activity was 0.09, while INR was 2.8.

The patient was successfully discharged from the hospital on postoperative day 35 (POD 48 from the first operation)
in good clinical condition. The PLT count was then 173 x 10°/L. The INR was 3.2. The serum creatinine concentration
was 0.64 mg/dl.

Discussion
In this report, we discuss a case of HITT, that provides important guidance in these complex scenarios, which is worthy
of being pointed out.

e HIT typically occurred on POD 6, but it was initially underestimated, as endocarditis appeared as a much more
plausible cause of thrombocytopenia. However, 4T score was 5 (PLT decrease: > 50%, PLT nadir > 20 x 10°/L and
onset time of PLT fall 5-10 days, and another plausible cause of thrombocytopenia was present). Moreover,
a classic biphasic pattern of PLT count could be recognized (Figure 2). Therefore, we should have considered an
intermediate risk of HIT, even though everything seemed to point to the diagnosis of endocarditis (Figure 1 and
Supplementary videos 1 and 2).

¢ In this regard, the ultrasound appearance of a vegetation can be very similar to that of a thrombotic mass, but the
two conditions can also coexist.® Therefore, any thrombocytopenia after cardiac surgery if 4T score is >4, must be
considered and treated as heparin-induced until proven otherwise, especially if characterized by a biphasic pattern,’
even if an infection or another cause of thrombocytopenia is highly suspected or even documented.

e Additionally, in this case, warfarin was introduced early, as in the other 16 cases described in our previous report.>
However, VKA was not discontinued because of HIT but for the elevated risk of bleeding due to concomitant
thrombocytopenia. This was the reason why it was not replaced with any alternative anticoagulant. Of note,
thrombosis did not occur whilst the warfarin was being administered to an appropriate INR, but abruptly appeared
as soon as warfarin was discontinued, not being replaced by an alternative anticoagulant. Although warfarin can be
extremely dangerous if started when acute HIT is ongoing,® a unique condition can take place in the cardiac surgery
setting. In fact, when HIT occurs, the patient may be already full anticoagulated, being on VKA for more than 5
days with heparin already suspended.? Thrombocytopenia is also common after surgery and the risk of bleeding
becomes important if patient is being treated with warfarin. Therefore, HIT should be carefully excluded before
discontinuing VKA in thrombocytopenic patients. If therapeutic, VKA suspension could lead to life-threatening
consequences if an unrecognized HIT is ongoing, and an alternative anticoagulant is not introduced.

e Danaparoid, is the only anticoagulant whose mechanism of action has been demonstrated to inhibit HIT pathogenesis.’
However, experience with danaparoid is still limited, especially in cardiac surgery.'® Danaparoid consists of a mixture of
heparan, dermatan and chondroitin sulfates, with high anti-factor Xa to anti-factor Ila (thrombin) activity ratio (>20:1)."!
Pharmacokinetic studies indicate a half-life of 19.2-24.5 hours for anti-Xa activity of danaparoid, while that of anti-Ila
activity is much shorter (1.8 to 4.3 hours). Because of the long half-life of the anti-Xa component, and the lack of an
antidote, it would not be the ideal anticoagulant after cardiac surgery, where patients are at elevated risk of bleeding and
frequently need to undergo invasive procedures. Consequently, we preferred bivalirudin both for CPB management and
anticoagulation in the immediate postoperative period due to its short and predictable half-life (25 min).'> Only some
days later, bivalirudin was replaced by danaparoid, considering that the PLT count was struggling to recover. Given both
the limited experience with danaparoid in cardiac surgery and the complexity of the case, we overlapped it with
bivalirudin, administering two subcutaneous doses before starting the infusion, and we also monitored its anti-Xa
activity daily. Anti-Xa activity provides an estimate of the amount of circulating danaparoid especially during continuous
infusion."" In this case, danaparoid showed remarkable anticoagulant stability (Figure 4). Moreover, after that
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danaparoid was initiated, we were faced with two challenges: performing an invasive procedure (thoracentesis) in an
anticoagulated patient and switching from danaparoid to VKA. To do both things safely we did them at separate times,
strictly monitoring the anti-Xa activity level. First, we discontinued danaparoid, until anti-Xa activity was in the
prophylactic range (0.1-0.2 U/mL). Only in that narrow time window, we conducted thoracentesis with lower risk of
bleeding and then, once complications had been excluded, we resumed danaparoid infusion. Danaparoid anti-Xa activity
half-life was almost 19 hours in this patient. After thoracentesis, danaparoid infusion was resumed until the PLT count
recovered. At that time, the transition to VKA could begin. Approximately five days were needed to achieve stable
anticoagulation with VKA. Keeping in mind the danaparoid decay curve that had been recently tested in the same
patient, we continued danaparoid infusion for 66 hours after the first warfarin dose. When danaparoid was suspended, its
half-life was like the previous one and anti-Xa activity was below 0.1 U/mL in 42 hours. At that time, almost 5 days after
the reintroduction of warfarin had passed, and INR was 2.8 (Figure 4). Therefore, switching from danaparoid to VKA
was successfully done in absence of new thrombotic complications, but without overlapping the anticoagulant effects of
the two drugs.

The main limitation of this report is that it describes a single case in a specific surgical setting, which limits the
generalizability of the results to a broader population or different settings. Furthermore, the patient described in this
case had normal renal function. The half-life of danaparoid may be less predictable in cases of impaired renal
function.

Conclusion
Four tips can be suggested or highlighted by this case report:

e Always “keep HIT in mind” in a thrombocytopenic patient who is or has been treated with heparin if the 4T score is
>4. Although rare, HIT is a catastrophic prothrombotic clinical condition, burdened by high mortality.

e Always “keep HIT in mind” even if a more plausible cause of thrombocytopenia seems to be present, such as
a documented infective endocarditis. This may in fact be thrombosis and thrombocytopenia may be induced by
heparin.

e Always “keep HIT in mind” when warfarin is therapeutic and about to be discontinued in a thrombocytopenic
patient whose vitamin k-dependent procoagulant factors are stably inhibited. Warfarin suspension may precipitate
life-threatening thrombosis if unrecognized HIT is ongoing, and an alternative anticoagulant is not initiated at
therapeutic intensity.

e The long half-life of danaparoid may limit its use after cardiac surgery. However, its effect can be adapted to
clinical needs even in this setting, by monitoring anti-Xa activity.
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