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A 53-year-old male Japanese patient with COVID-19 was admitted to our hospital after his respiratory condition
worsened on day 9 of the disease. With the diagnosis of severe COVID-19, treatment with remdesivir, dexa-
methasone, and unfractionated heparin was started for the prevention of thrombosis. Although the patient’s
respiratory status data improved after treatment, severe respiratory failure persisted. Thrombocytopenia and D-

SARS-CoV-2 . . . . - .
HIT antibody dimer elevation were observed on day 8 after heparin therapy initiation. Heparin-induced thrombocytopenia
4T’s score (HIT) antibody measured by immunological assay was positive, and contrast computed tomography showed

pulmonary artery thrombus. The patient was diagnosed with HIT because the pre-test probability score (4Ts
score) for HIT was 7 points. Heparin was changed to apixaban, a direct oral anticoagulant, which resulted in a
reduction of the pulmonary thrombus and improvement of the respiratory failure. In patients with COVID-19,
anticoagulant therapy with heparin requires careful monitoring of thrombocytopenia and elevated D-dimer as

possible complications related to HIT. (151/250 words).

1. Introduction

Coronavirus disease 2019 (COVID-19) continues to present novel
problems for health care practitioners. One serious complication of
COVID-19 is thrombosis [1], and prophylactic anticoagulation with
heparin to prevent thrombosis has been reported to reduce mortality
[2]. For this reason, anticoagulation is recommended for severe
COVID-19 patients in the guidelines of many countries [3].

Heparin-induced thrombocytopenia (HIT) is an immune-mediated
adverse reaction of heparin treatment [4]. When exposed to heparin,
some patients form platelet-activating antibodies against platelet factor
4/heparin complexes, and a subset of sensitized patients develops the
severe and life-threating complications of thromboembolism. During the
current COVID-19 pandemic, the increased use of heparin with a
broader indication of anticoagulation therapy carries the risk of a rare
but potentially fatal complication related to HIT in COVID-19 patients.

COVID-19 with HIT has been reported relatively frequently in
Europe and the United States [5,6], but very few cases have been

reported in Japan. Here, we report a case of COVID-19 in a Japanese
patient with complications related to HIT during prophylactic anti-
coagulation therapy.

2. Case report

The patient was a 53-year-old Japanese male with a history of
bilateral postoperative pneumothorax, postoperative tongue cancer, and
a smoking history of 20 cigarettes/day for 17 years. He had no history of
alcohol consumption or allergies. His colleague had developed COVID-
19, and our patient presented with fever and general malaise around
the same time. He was diagnosed with COVID-19, which was confirmed
by a positive antigen test for severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). During this period, the Alpha variant of SARS-
CoV-2 was prevalent in Japan, and the patient was not vaccinated.
Initially, he stayed at a facility for patients with mild symptoms, but he
was transferred to our hospital on day 9 of the disease onset because of
progressive hypoxemia. His blood oxygen saturation level measured at
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rest in ambient air with a pulse oximeter (SpO3) had dropped to 85%.

On admission, the patient was conscious with the following param-
eters: body mass index, 24.3 kg/m?; body temperature, 37.2 °C; blood
pressure, 168/66 mmHg; pulse rate, 89 beats/min; respiratory rate, 20/
min; and SpO5 93% under oxygen inhalation with a reservoir mask 6 L
per minute (L/min). Fine crackles were heard in the bilateral lower lung
fields on auscultation. Blood tests showed an elevated white blood cell
count of 12,780/pL (90.9% neutrophils), elevated hepatobiliary en-
zymes of 66 IU/L aspartate transaminase, 44 IU/L alanine transaminase,
and 228 IU/L alkaline phosphatase, 437 U/L lactate dehydrogenase, and
805 mg/dL fibrinogen. Platelet count was 139 x 10°/uL. Both the
fibrinogen/fibrin degradation products and D-dimer levels were within
the normal range (2.7 pg/mL and <0.5 pg/mL, respectively), indicating
no hypercoagulability at the time of admission. Serum C-reactive pro-
tein (CRP) was markedly elevated at 22.57 mg/dL. Under oxygen ther-
apy with a fraction of inspired Oy (FiO3) of 0.6, arterial blood gas
analysis showed pH 7.457, PaO, 77.7 Torr, and PaCO; 31.1 Torr. Chest
X-ray showed ground-glass opacities in both lung fields, and plain
computed tomography (CT) of the chest showed extensive non-zonal
ground-glass opacities mainly in both subpleural areas (Fig. 1), with
constrictive and band-like changes mainly in the lower lobes, consistent
with COVID-19 pneumonia.

The clinical course of the patient is shown in Fig. 2. The patient was
diagnosed with severe COVID-19, and treatment with remdesivir and
dexamethasone was started on admission (day 9 from onset). At the
same time, 10,000 units per day of unfractionated heparin (UFH) was
started by continuous intravenous infusion as a prophylactic anti-
coagulation therapy. Ceftriaxone and azithromycin were also adminis-
tered for bacterial co-infection. The patient was changed to oxygen
support with a high-flow nasal cannula because of the worsening of
hypoxia within a few hours of admission. On day 4 of treatment, the
respiratory status of the patient had improved, and CRP had decreased
to 3.24 mg/dL. Hence, the patient was moved to an oxygen mask on day
8 of treatment. However, the D-dimer level had shown an increasing
trend from day 6 of treatment (Fig. 2), and the dosage of UFH was
increased sequentially. Nevertheless, the D-dimer level increased to 10
pg/mL on day 8 of treatment. The platelet count increased from 139 x
10%/pL to 250 x 10%/pL on day 4 of treatment but decreased to 104 x

Fig. 1. Plain computed tomography. Ground-glass opacities were observed in
the subpleural predominance of both lung fields.
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103/uL on day 8 of treatment. Although the patient still needed 5 L/min
of oxygen, his condition did not seem to worsen. Considering these
conflicting findings, we suspected pulmonary thromboembolism or HIT.
HIT antibody measured by latex immunoturbidimetric assay was posi-
tive at 2.9 U/mL (cut off value 1.0 U/mL), and a contrast CT from chest
to leg showed a thrombus in the main trunk of the right pulmonary
artery, while no solid-organ tumors causing thrombosis were observed
(Fig. 3A). Because the 4Ts clinical scoring of the pre-test for HIT [7] was
7 points, the patient was clinically diagnosed with HIT, and UFH was
changed to apixaban on day 13 of treatment. The patient’s respiratory
status improved, and an increased platelet count and decreased D-dimer
level were observed. D-dimer was confirmed to be negative on day 26 of
treatment. The patient was discharged with home oxygen therapy (HOT)
on day 33 of treatment. The patient continued to receive apixaban as an
outpatient, and the disappearance of the pulmonary artery thrombus
was confirmed by contrast-enhanced CT on day 74 of treatment
(Fig. 3B). He did not need HOT on day 107 of treatment. Apixaban was
administered for 95 days in total.

3. Discussion

In the current case, the patient’s respiratory status improved steadily
during the period in which heparin was used as a prophylactic anti-
coagulation therapy. As the D-dimer level increased and the platelet
count decreased, the amount of heparin was gradually increased.
However, improvements were no longer observed in the patient’s res-
piratory status or D-dimer level. This indicated that the patient devel-
oped thromboembolism caused by HIT during this period.

Recent findings suggest that critically ill patients with COVID-19 are
prone to complications with HIT [5,6]. A systemic review and
meta-analysis on HIT in hospitalized COVID-19 patients reported that
the incidence was higher in critically ill patients compared with
non-critically ill patients (2.2% and 1.2%, respectively), although the
incidence of 0.8% HIT in hospitalized patients with COVID-19 was
comparable to that in patients without COVID-19 [6]. Clinical charac-
teristics among the 19 confirmed cases of HIT in patients with COVID-19
in a systemic review [6] showed the following results: the median age
was 62 years, and all but one patient were critically ill. The median time
from heparin initiation to HIT diagnosis was 13.5 days, and 12 patients
(63%) developed thrombosis after heparin administration. These find-
ings were consistent with our case.

It is known that the incidence of HIT is higher when UFH is used
instead of low molecular weight heparin (LMWH) or when therapeutic
rather than prophylactic doses of heparin are used [8,9].Regarding the
type of heparin used in the abovementioned 19 confirmed cases of HIT,
17 (63%) patients received UFH and 10 (37%) received LMWH. Of the
18 patients with available data on the heparin dose used, 13 (72%)
received therapeutic doses of heparin, whereas 5 (28%) received a
prophylactic dose. Furthermore, in patients with COVID-19, UFH or
therapeutic doses of heparin is thought to increase the risk of HIT.
Recent studies concerning the outcome of prophylactic anticoagulation
therapy with heparin in patients with COVID-19 showed that a thera-
peutic dose of LMWH did not improve the clinical outcome of critically
ill patients compared with prophylactic doses, while in non-critically ill
patients, a therapeutic dose of LMWH improved clinical outcome
compared with a prophylactic dose [10,11]. This suggests that the dose
of heparin as an anticoagulant therapy needs to be considered according
to the disease severity of COVID-19. However, HIT should be noted
regardless of the type or dosage of heparin when anticoagulation ther-
apy with heparin is undertaken in any case.

Autoimmune HIT (aHIT), independent of heparin administration,
has been proposed as another mechanism for the development of HIT
[12]. aHIT includes HIT associated with infections, and a small number
of cases of aHIT caused by viral infections have been reported [13,14].
In fact, a case report [15] of a patient with COVID-19 who was positive
for HIT antibodies and who developed thrombosis despite not using
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Fig. 2. Clinical course. Abbreviations: PLT, platelet count; CRP, C-reactive protein; APTT, activated partial thromboplastin time.
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Fig. 3. Contrast-enhanced computed tomography. (A) A thrombus was identified in the right pulmonary artery from the central side to the periphery (white arrow).
(B) Disappearance of the pulmonary artery thrombus was observed on day 82 from disease onset.

heparin has been published, although it is unclear at present if
SARS-CoV-2 infection itself predisposes a person to HIT. It cannot be
determined if aHIT was involved in our case because the thrombosis of
our patient occurred after heparin administration.

The diagnosis of HIT based on antibody tests alone is difficult.
Immunological tests such as latex immunoturbidimetry or enzyme-
linked immunosorbent assay are generally used to test for HIT anti-
bodies, but overdiagnosis because of false positives resulting from their
low specificity is a problem [16]. For this reason, functional tests for HIT
antibodies, such as serotonin release assay, are necessary as confirma-
tory tests, but these commercial-based tests are not usually performed in
Japan. Consequently, the 4Ts pre-test clinical scoring system for HIT is
used in clinical practice to make a semiquantitative diagnosis [17].
Reported confirmed cases of HIT in COVID-19 showed intermediate or
high scores, with a median of 5 points in the 4Ts score [6,18], as in our
case, which was as high as 7 points. It is important to promptly dis-
continue heparin and initiate non-heparin anticoagulation therapy
when HIT is suspected with a 4Ts score of 4 points or greater.

In our case, the pulmonary thrombus was successfully treated by
administering direct oral anticoagulants (DOACs), apixaban, for 3
months. According to the American Society of Hematology guidelines,
discontinuation of heparin and initiation of non-heparin anticoagulants
such as argatroban, bivalirudin, danaparoid, and fondaparinux or
DOAC:s is recommended when HIT is suspected [19]. For the treatment
of reported HIT cases in COVID-19, parenteral anticoagulants such as
argatroban are frequently used, and most oral anticoagulants such as
DOACs are used after bridging with the parenteral anticoagulants as
necessary [6,18,20]. The use of DOACs as alternative anticoagulants in
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HIT has been increasingly reported during recent years [21]. Directly
switching to DOACs for HIT appears to be effective in clinically stable
patients, as in our case. Patients with thrombotic HIT are recommended
to receive a non-heparin anticoagulant for a total of 3 months [22].

In terms of reducing the risk of HIT, LMWH is thought to be pref-
erable to UFH, but it is difficult to use it in Japan because of its off-label
status for this indication. Concerning the use of DOACs for the primary
prevention of thrombosis, a recent study reported that rivaroxaban at
therapeutic doses did not improve clinical outcomes and that it
increased bleeding events compared with UFH or LMWH in hospitalized
COVID-19 patients with elevated D-dimers. The authors concluded that
therapeutic doses of DOACs should be avoided in the absence of an
evidence-based indication [23]. As a practical matter, it is important to
treat severe COVID-19 patients with UFH to prevent thrombosis while
paying careful attention to the possibility of complications related to
HIT by monitoring for thrombocytopenia and elevated D-dimer.

To our knowledge, only one case report of COVID-19 with HIT has
been published in Japan, which detailed a case of HIT in a patient with
severe COVID-19 during veno-arterial extracorporeal membrane
oxygenation therapy [24]. A recent study suggested that the risk of
thromboembolism in Japanese patients with COVID-19 might be lower
than that in other countries [25]. It is not clear whether this feature may
be related to the low complication rate of HIT, or whether it is under-
diagnosed in Japan. Although there is concern about the increased risk
of complications related to HIT caused by excessive anticoagulation with
heparin thereafter, the epidemiological findings in this regard are
currently unclear, and a future study is necessary to clarify this issue.

In conclusion, it is important that clinicians pay close attention to the
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possible development of HIT when patients with severe COVID-19 are
treated with heparin as anticoagulant therapy.
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