Findings that shed new light on the possible pathogenesis of a disease or an adverse effect
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Case report

Massive pulmonary embolism following recovery
from COVID-19 infection: inflammation, thrombosis
and the role of extended thromboprophylaxis

Prakash Vadukul," Deepak S Sharma

SUMMARY

COVID-19 is the infectious disease caused by a recently
discovered SARS-CoV-2. Following an initial outbreak in
December 2019 in Wuhan, China, the virus has spread
globally culminating in the WHO declaring a pandemic
on 11 March 2020. We present the case of a patient
with an initial presentation of COVID-19 pneumonitis
requiring mechanical ventilation for nearly 2 weeks

and total admission time of 3 weeks. She was given
prophylactic dose anticoagulation according to hospital
protocol during this time. Following a week at home, she
was readmitted with acute massive pulmonary embolism
with severe respiratory and cardiac failure, representing
the first such case in the literature.

BACKGROUND

Our understanding of COVID-19 continues to
evolve as the disease remains a global public
health emergency. A plethora of research has been
conducted to investigate the disease process and the
optimal treatment modalities but there still remain
many unknowns. Infection with SARS-CoV-2
is often asymptomatic but leads to deregulated
immune responses with multiorgan failure and crit-
ical illness in a minority of patients.'

This case examines aspects of COVID-19 empha-
sising the increased thrombogenicity seen during
infection and the potential need for extended anti-
coagulation following recovery particularly in those
patients with severe illness and pre-existing risk
factors.

CASE PRESENTATION
A 52-year-old woman with a background of
obesity and undiagnosed type 2 diabetes mellitus
was admitted to intensive care with breathlessness
preceded by a week-long viral prodrome. Admis-
sion chest radiography revealed diffuse bilateral
infiltrates (figure 1) associated with severe type 1
respiratory failure (PaO,/FiO, ratio 75 mm Hg prior
to mechanical ventilation). After a 24-hour trial of
continuous positive airway pressure, she deterio-
rated with tiredness, increased work of breathing
and fluctuating conscious level. A confirmatory
nasopharyngeal swab detected SARS-CoV-2 RNA.
Following endotracheal intubation and mechan-
ical ventilation, she underwent intensive care treat-
ment for 2weeks including airway pressure release
ventilation, multiple sessions of prone positioning,

' Paul Vincent?

antimicrobial therapy for secondary bacterial infec-
tion and continuous renal replacement therapy for
5 days. She gradually improved and after 11 days
was successfully liberated from respiratory support
without requirement of reintubation or tracheos-
tomy. Her condition continued to improve with
rigorous physiotherapy and after step-down to the
ward, she was successfully discharged home after a
total 3-week inpatient stay.

During her hospitalisation she received consis-
tent doses of prophylactic low molecular weight
heparin (LMWH) adjusted to her weight (101 kg,
body mass index (BMI) 42) according to standard
hospital protocol for venous thromboembolism
(VTE) prophylaxis. Initially 60 mg of Enoxa-
parin was administered subcutaneously once daily,
increased to 40mg two times per day after 4 days
to reflect updated local anticoagulation protocols
for those seriously affected by the disease. She was
stepped down to ward from the intensive care unit
and later at the time of discharge to home she was
given insulin and antihypertensive medication to
take away. LMWH was discontinued in keeping
with standard hospital protocol predating any
specific COVID-19 guidance.

One week later at 22:00 hours, she was brought
to the emergency department by ambulance with
severe breathlessness. She reported 2 days of right-
sided chest pain with progressive dyspnoea culmi-
nating in syncope prior to presentation to the
emergency department.

On arrival the patient was conscious but unable
to complete sentences. Initial examination demon-
strated a diaphoretic and agitated patient with unre-
markable chest auscultation. The respiratory rate
was 40/min and oxygen saturations were 85% on
15 L via a non-rebreathe device with a partial pres-
sure arterial oxygen of 7.5 kPa. Her systolic blood
pressure was 80 mm Hg with a heart rate of 130
beats/minute and cold peripheries. Although alert
she was confused and unable to give a clear history.
She was apyrexial with unremarkable abdominal
and lower limb examinations.

INVESTIGATIONS

Electrocardiography demonstrated a sinus tachy-
cardia and right heart strain suggested by subtle
S-waves in Lead I associated with Q-waves and
subtle T-wave inversion in Lead III.
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Figure 1 Diffuse bilateral infiltrates on first admission chest
radiography.

Urgent CT pulmonary angiography (CTPA) was undertaken
after initial management revealing bilateral pulmonary emboli
with saddle component and right heart strain.

Bedside echocardiography after subsequent admission to
intensive care revealed a dilated, impaired right ventricle and a
‘D-shaped’ left ventricle with pronounced left-ward septal devi-
ation, more pronounced during systole indicative of pressure
overload.

During the initial presentation D-dimer levels were 1.2 fibrin-
ogen equivalent units (FEU) mcg/mL (normal range in our insti-
tution 0.0-0.50 FEU mcg/mL). D-dimer levels at the time of her
second admission were 8.1 FEU mcg/mL.

DIFFERENTIAL DIAGNOSIS

The clinical instability and refractory hypoxia warranted emer-
gency rapid sequence induction and endotracheal intubation
with intermittent boluses (10-100 upg) of epinephrine required
to support her increasingly labile blood pressure. Despite intu-
bation, hypoxia persisted even after maximal oxygen delivery
(FiO, 1.0), recruitment manoeuvres and optimisation of ventila-
tion and patient position. Urgent CT was arranged while throm-
bolysis was considered.

Other considerations during the initial patient assessment
included secondary bacterial infection, atypical pnuemonia,
cardiogenic pulmonary oedema and pulmonary embolism (PE).
With the overall lack of clarity over the cause of her presentation
and the uncertain nature of COVID-19 with its unknown poten-
tial for relapse, confirmatory imaging was sought to confirm the
diagnosis.

TREATMENT

With persistent severe hypoxia and hypotension, an urgent deci-
sion regarding administration of thrombolysis was required.
Intensive care personnel reviewed the images (figures 2 and 3)
immediately after performance of the scan. We were able to
accurately identify pulmonary emboli (subsequently confirmed
on formal reporting an hour later), and this enabled immediate
initiation of intravenous thrombolysis with tissue plasminogen
activator (10 mg bolus of Alteplase with subsequent 90 mg infu-
sion over 30 min as per our trust protocol) within minutes of
completion of CTPA, while still within the scanning room.
She was admitted to intensive care to continue ventilation and
inotropic support.

Figure 2  CTPA vascular/soft tissue windows. —(A) saddle embolus
component; (B) large volume bilateral pulmonary emboli; (C) right heart
enlargement (compared with the left ventricle). (D) ECG demonstrating
features of right heart strain with ‘S1 Q3 T3’ pattern. CTPA, CT
pulmonary angiography.

OUTCOME AND FOLLOW-UP

Overnight she was sedated, ventilated and required an epineph-
rine infusion (maximum dose 15 ug/min) to maintain an adequate
mean arterial blood pressure. She made a rapid recovery. An initial
FiO, of 1.0 was required for 3hours following endotracheal
intubation likely due to significant shunt and deadspace venti-
lation with the large volume bilateral PE. However following
thrombolysis there was a brisk improvement in her clinical
condition with no requirement for vasopressors or inotropes at
12 hours post presentation and an FiO, requirement of 0.5. She
was successfully liberated from mechanical ventilation 16 hours
later with no immediate neurological sequelae. After step-down
to the ward long-term anticoagulation therapy was initiated after
multidisciplinary discussion followed by discharge after 5 days.

DISCUSSION

Risk factors for thrombosis are numerous but are generally
considered to contribute by three key mechanisms (Virchow’s
Triad); endothelial injury, reduced flow/stasis and hypercoagu-
lable state.” Although there are many unknowns with regard to
this novel disease, increasing experience suggests that patients
with severe COVID-19 infection have elements of all three.”
Following initial discharge our patient was also noted to have
reduced mobility and difficulty exercising with easy fatigability.
Allied to her obesity, a risk factor for VTE,” this illustrates a
picture of thromboembolic risk.

Pulmonary emboli has been reported frequently in COVID-19
and are often noted in patients with COVID-19 without other
standard risk factors, suggesting that it is an independent risk
factor for VTE.? Data from early French experiences revealed PE
prevalence of 23% in patients with severe COVID-19 infection.
Requirement for mechanical ventilation was also strongly linked
to the presence of PE on imaging.’ There is no current evidence
to define the incidence of PE following recovery.

At readmission this patient had little evidence of persistent
infection with resolution of the majority of ground glass changes
seen in prior imaging or other symptoms such as cough or
fever. The duration of the prothrombotic state associated with
COVID-19 and therefore the optimal management strategy is
unclear.® This case report aims to review the current literature
regarding thromboprophylaxis in patients with COVID-19 and
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Figure 3

(A) CTPA lung window right basal pleural effusion and
posterior ‘wedge’ infarction. Clear lung fields and resolution of ground
glass changes following COVID-19 infection (B, C). CTPA, CT pulmonary
angiography.

highlights the potential for patient readmission after critical
illness.

With regard to the emergent management of PE, guidelines
recommend thrombolysis where there is persistent haemody-
namic compromise, evidence demonstrating survival benefit and
improved long-term outcomes.” Thrombolysis without cardio-
vascular compromise is controversial.® Furthermore refractory
hypoxia is not considered a typical indication for thrombolysis
which is not without risk; reported rates of intracerebral haem-
orrhage of 1.7%.” However case reports and studies do suggest
patients with profound respiratory failure may benefit from
clot lysis.® ? It is worthwhile to note that while we administered
thrombolysis for hypotension, there was marked improvement
in gas exchange to go with stabilised blood pressure.

SARS-CoV-2 is a single-stranded RNA coronavirus.'’Common
symptoms include fatigue, fever, headache, dyspnoea and
myalgia. Although advanced age and comorbidity (eg, hyperten-
sion, diabetes mellitus) are risk factors for developing serious
illness, young and otherwise healthy patients can become criti-
cally unwell."!

Data from populations affected by the COVID-19 demon-
strate abnormal activation of the clotting cascade.'? Markers
such as D-dimer concentration are associated with deleterious
patient trajectory and increased incidence of mortality.”While
COVID-19 is typically associated with pneumonia, a multi-
system inflammatory disorder and deregulated coagulation are
at play leading to poor outcomes in those worst affected.

Many pathways have been postulated to explain these extreme
derangements in clotting. A syndrome of hyperinflammation is
seen in those worst affected and it appears that parts of this
cascade are responsible for coagulopathy.'*It is widely accepted
that the general endpoint of the inflammatory process is throm-
bosis."”> Thus immune system activation and subsequent inflam-
matory processes are intrinsically linked to clotting.

Common laboratory investigation abnormalities include a
lymphopaenia, elevated C-reactive protein, ferritin, interleukin-6
(IL-6, an inflammatory cytokine) and dramatically elevated D-di-
mers.'® Coagulation tests commonly reveal a prolongation of the
prothrombin time and international normalised ratio alongside
shortened activated partial thromboplastin times and ratios.'®

Studies have implicated elevated expression of IL-6 as a
potential cause of endothelial dysfunction leading to throm-
bosis,'” reinforced further by research implicating IL-6 as a
contributor to thrombotic risk in inflammatory conditions such
as psoriasis.'® Initial data suggest that patients with complicated
COVID-19 infection have nearly three times the concentration
of TIL-6 compared with those exhibiting less severe disease.'”
This highlights the importance of ongoing work examining the
efficacy of IL-6 inhibitors as an immunomodulatory therapy.?’

Obesity in isolation is a risk factor for VTE. The increased
risk for VTE is thought to be in part a result of the background
chronic inflammatory state found in obese patients. Hypertro-
phic adipose tissues lend to the over production of inflammatory
cytokines such as TNF-a, interferon-g and IL-6. These cyto-
kines induce an inflammatory state the endpoint of which is an
increase in procoagulant factors, increased tissue factor expres-
sion and augmented platelet activation.’

Patients with severe COVID-19 infection are at risk of
mortality and this risk is compounded by the presence of comor-
bidity including cardiovascular disease, diabetes mellitus and
chronic obstructive pulmonary disease. Obesity is additionally
recognised as lending to poor outcomes in COVID-19.*' It
appears possible that the obesity-related inflammation exac-
erbated by COVID-19 mediated effects could lead to excess
thrombosis in this group partly explaining the poorer outcomes
seen in obese patients.

Thromboprophylaxis can take many forms, however a study
by Tang et al demonstrated a clear survival benefit in patients
with COVID-19 receiving LMWH as part of their treatment.
Severe COVID-19 with either high D-dimers or high likelihood
of sepsis-induced coagulopathy were shown to have improved
rates of mortality when treated with LMWH at prophylactic
doses.”?Appropriate use of LMWH may therefore have a central
role to play in managing the sick population with COVID-19.

Although classically considered an anticoagulant, heparin does
have secondary properties which may have utility in the treat-
ment of COVID-19. Its effects may have a role in disruption of
clot production as well as ameliorating the inflammatory effects
of thrombin.”> Heparin has been shown to have direct anti-
inflammatory properties including the antagonism of cytokines
and sequestration of acute phase proteins.”*

The International Society for Thrombosis and Haemostasis
suggests that prophylactic treatment with LMWH is prudent in
all patients with COVID-19, particularly with severe disease or
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extreme derangements in clotting parameters.” Regular moni-
toring of clotting parameters during admission with severe
disease was also strongly recommended.

The American College of Cardiology suggests implementing
extended courses of thromboprophylaxis in patients with
COVID-19 with other risks factors for VTE for example,
reduced mobility, pre-existing comorbidity or malignancy.
D-dimer levels, greater than two times the upper limit of normal
at point of discharge, have also been suggested as a guide for the
initiation of prolonged anticoagulation treatment.?®

The British Society of Haematology advocates the use of
LMWHs in the management of COVID-19.> Hospital-acquired
VTE is defined as any thrombotic event occurring within 90
days of hospital admission even after discharge.” Compared
with other populations, patients with COVID-19 appear to have
higher incidences of VTE particularly with deranged clotting
markers, critical care admission or reduced mobility.>

Reports from France and the Netherlands revealed a high
burden of thrombotic complications (primarily PE) despite
routine prophylactic LMWH.?” ?® There were strong recom-
mendations towards the use of VTE prophylaxis for all patients
requiring intensive care management and a low threshold for
more aggressive anticoagulation strategies given the develop-
ment of thrombotic complications in approximately one third of
patients in intensive care despite prophylactic anticoagulation.?®

Emerging antithrombotic guidance highlights the poten-
tial benefits of extended thromboprophylaxis beyond hospital
admission.” Several risk factors were identified including the
presence of a D-dimer level twice the upper limit of normal at
the time of potential discharge.”” Suggested regimens described
courses of up to 45 days for adequate protection. Other iden-
tified risk factors included patients over 60 years old, those

Learning points

» The case presented illustrates the wide reaching and
prolonged sequelae of critical illness following COVID-19
with complications occurring despite recovery from the acute
phase of the illness.

» Reduced mobility, easy fatigability and weakness in recovered
patients are also likely to contribute to morbidity and
mortality.

» Given the still uncertain nature of COVID-19 and its long-term
effects on patients, there will be much to learn in the coming
weeks and months regarding subsequent management of
patients after the acute phase of the disease.

» Further work may better characterise the thrombotic risks
and identify appropriate management strategies. The role of
thromboprophylaxis for mild cases of COVID-19 in patients
with significant risk factors remains unclear. These patients
may be advised to self-isolate with resulting reduced levels of
physical activity.

» Itis also uncertain how long the proinflammatory/
prothrombotic state associated with COVID-19 persists
for after apparent resolution of the disease with regard
to physical symptoms for example, oxygen requirement,
fever. There are few recommendations for extended
thromboprophylaxis but this case supports subsequent
early guidance, which suggests it is beneficial in at-risk
populations. We would advocate the use of a structured
approach on a patient-to-patient basis, balancing thrombotic
and bleeding risks.

with a past history of VTE, active malignancy, reduced mobility,
BMIs>30and recent stay in critical care.”” These recommen-
dations have subsequently been reflected in local guidelines
produced shortly after our case.
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