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Thrombolysis restores perfusion in COVID-19 hypoxia

Thrombolysis with tissue plasminogen activator (tPA) is an
established treatment strategy for patients with intermediate
and high-risk pulmonary embolism (PE) and signs of
haemodynamic instability. The use of tPA in coronavirus
disease 2019 (COVID-19) patients with PE and acute res-
piratory distress syndrome (ARDS) may be of benefit due
to the unusually high incidence of pulmonary embolism
and pulmonary thrombosis, particularly microvascular
thrombosis, which are thought to contribute significantly
to hypoxaemia.! It may also ameliorate the effects of
extravascular and intra-alveolar fibrin deposition described
in ARDS.? Inhaled delivery of tPA and two doses of tPA
against placebo® are currently under trial. Small case series
have reported transient improvements in oxygenation with-
out significant bleeding from systemic fibrinolytic therapy
in patients with ARDS and COVID-19.* Here, we describe
the largest cohort to date of patients with COVID-19 trea-
ted with alteplase for severe hypoxia. This retrospective
observational study was approved by the institutional
review board as a service evaluation project and no further
ethical approval was required.

All alteplase prescriptions from 17 April 2020 to 25 May
2020 were retrieved from pharmacy electronic records and
those used for COVID-19 were identified. Clinical and labo-
ratory parameters were extracted from patient electronic
records. Statistical analyses were performed using GraphPad
Prism v8-4 (GraphPad Software, San Diego, CA, USA).
Descriptive statistics were used to summarize the data; results
are reported as medians and ranges or means and standard
deviations, as appropriate. Categorical variables were summa-
rized as counts and percentages. Pre- and post-thrombolysis
parameters were compared using a paired t-test. A two-sided
P value < 0-05 was considered statistically significant.

During the study period, 12 patients received thrombolysis
with alteplase for profound hypoxia on mechanical ventila-
tion (except patient 5 on continuous positive airway pres-
sure) and failed proning, with or without evidence of
pulmonary thrombosis on computed tomography pulmonary
angiography (CTPA). Baseline demographic features, clinical
history, CTPA and echocardiographic findings prior to
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thrombolysis, dose of alteplase with infusion time and days
since admission to thrombolysis are summarized in Table I.
Only one patient* was on antithrombotic therapy (warfarin)
and aspirin prior to admission due to a previous history of
left apical mural thrombus. None of the patients had previ-
ous malignancy or autoimmune disease. Median (range) age
of the group was 61-5 (51-75) years and 7/12 patients were
male. Median duration from admission to thrombolysis was
nine days (range 2-22). All patients received therapeutic hep-
arin pre and post thrombolysis. Five of the 12 patients had
multiorgan failure (defined as failure of two or more organ
supports) and required renal replacement therapy. All except
one (patient 5 on continuous positive airway pressure) were
retained on mechanical ventilation following thrombolysis.
The decision to use thrombolysis was made due to moderate
to severe hypoxia with ratios of arterial pressure to inspired
oxygen (PaO,/FiO,, PF ratio) <200 mm Hg on mechanical
ventilation and failing all other interventions including pron-
ing and nitrates.

PF ratios pre and 24 h post thrombolysis are shown in Fig
1, which showed a significant improvement in all patients
(P = 0-002). Only three patients had a follow-up CTPA and
echocardiogram. These showed marked improvement in
thrombotic occlusions and right ventricular strain (patients
5, 11 and 12). Seven patients survived to hospital discharge
whilst others died from 2 to 11 days following thrombolysis
due to multiorgan failure (patient 2, 3 4, 6 and 9). Overall
mortality was 41-67%.

Twenty-four hours after thrombolysis, median fibrinogen
level fell from 7-0 (range 4-95-8-9) g/l to 3-40 (2-50-6-30) g/l
(P = 0-03) and median D-dimer level increased from 3502
(range 862-9929) ng/ml to 19450 (11495—>20000) (P = 0-002).
There were no differences in haemoglobin, platelet count,
C-reactive protein, prothrombin time, activated partial throm-
boplastin time, renal or liver function tests pre and 24 h post
thrombolysis.

There were no major or clinically significant minor bleed-
ing complications of thrombolysis. However, one patient had
intracranial bleeding 17 days after thrombolysis whilst on
unfractionated heparin.
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153-57 321-46
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68:19 90-91
113-76 138-01
Severe ARDS 6536 84.65
80-01 156-08
109-1 230-80

Fig 1. PF ratio pre and 24 h after thrombolysis with alteplase. PF ratios of five patients who died are presented in bold numbers.

This report comprises the largest cohort to date of patients
with severe COVID-19 treated using alteplase. The indication
in each case was progressive hypoxia with or without evident
PE, despite mechanical ventilation (one on continuous posi-
tive airway pressure), nitrates, therapeutic anticoagulation
and proning. The median PF ratio prior to thrombolysis was
73-87(range 49-5-153-57) mm Hg which improved to 122-86
(range 84-65-321-46) mm Hg 24 h following thrombolysis
(Fig 1). Previous studies of ARDS have shown a PF ratio
of < 100 mm Hg is associated with a mortality rate of 53%,
and 40% for a ratio of 100-300.> This group, therefore, had a
very poor prognosis but current mortality rates for COVID-
19 after ICU admission are even higher, being 88% in a large
series.” The mortality in this small series was 41-6% and
assuming an expected mortality of 75% in patients requiring
advanced respiratory and renal support based on the intensive
care national audit and research report (ICNARC) represents
a significant improvement (P = 0-01, Xz). The rationale for
use of tPA is straightforward. Patients with COVID-19 have a
systemic hypercoagulable state with an incidence of venous
thrombosis (VT) and PE that exceeds that seen in other
pneumonias. In addition, there appears to be gross inflamma-
tion of endothelium leading to inflammation-driven local
pulmonary thrombosis in medium and small vessels. Large
and small thrombi cause vascular shunting and hypoxaemia
which may be relieved by clot lysis. In addition, inflammation
results in a vascular leak allowing extravascular fibrin forma-
tion in lung parenchyma tissue and in alveoli with associated
hypofibrinolytic shutdown.” Therefore, improvement of the

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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PF ratio following alteplase may reflect both improvement in
alveolar perfusion and ventilation. In the absence of signifi-
cant bleeding with preserved fibrinogen levels 24 h post
thrombolysis and a significantly improved PF ratio this report
suggests that fibrinolysis may be beneficial in a carefully
selected group of patients with close monitoring. Therapeutic
strategies targeting the pulmonary circulation in COVID-19
require a multimodal approach. Thrombolysis in a carefully
selected group of patients may be beneficial as shown in our
cohort of patients. However, with the profound immune acti-
vation and intravascular thrombosis, and the short half-life of
thrombolytic agents, the lack of a sustained effect and absence
of a control group are potential concerns. Randomized clini-
cal trials with larger numbers may provide more solid
evidence.
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Remdesivir during induction chemotherapy for newly
diagnosed paediatric acute lymphoblastic leukaemia with
concomitant SARS-CoV-2 infection

The COVID-19 pandemic potentially makes treatment of
acute leukaemia more difficult. Most induction chemother-
apy regimens for acute leukaemia lead to extended periods of
cytopenia and immunosuppression rendering patients vulner-
able to opportunistic infections. As with many aspects of
SARS-CoV-2, there is no universally accepted way of treating
patients who present with acute leukaemia and associated
infection. The limited data available so far on the outcomes
of patients with cancer presenting with COVID-19 suggest
they have increased risk of complications and mortality.”
Paediatric patients exhibit milder symptoms of COVID-19
and a less severe disease course but there are little data avail-
able on paediatric haemato-oncology patients."*>® The opti-
mal treatment of children with cancer and concurrent
COVID-19 is unclear and requires case by case discussion
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with individualised management plans. Several different
antiviral and immunomodulatory therapies have been trialled
in patients presenting with COVID-19. Remdesivir (GILEAD,
Foster City, CA, USA) has shown in vitro activity against
SARS-CoV-2, the virus that causes COVID-19. The data
available on use suggest clinical benefit, with recent guideli-
nes recommending consideration of its use in severe infec-
tions.>”!" There is limited evidence on safety in paediatric
use of remdesivir. However, adult data are reassuring from a
safety perspective, with major adverse events described being
transaminitis and nausea.>®'°

We report the use of remdesivir in a previously well five-
year-old child diagnosed with precursor B-cell acute lym-
phoblastic leukaemia and concomitant SARS-CoV-2 infec-
tion. He was hospitalised with a short history of fever,
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