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ABSTRACT

Accumulating studies on COVID-19 patients report high incidences of thrombotic
complications, but guidance on the best diagnostic approach for suspected pulmonary
embolism (PE) in COVID-19 patients is lacking. Diagnosing PE in these patients is chal-
lenging as signs and symptoms of PE and COVID-19 show wide overlap, D-dimer levels
are often elevated in the absence of thrombosis and computed tomography pulmonary
angiography (CTPA) may be unfeasible in the case of severe renal impairment and/or
hemodynamic instability.

This narrative review discusses available literature and guidelines on current diagnostic
algorithms for suspected PE in special patient populations, in particular COVID-19. A
special focus is on reviewing the literature aimed at identifying symptoms with a high
suspicion for PE and on the diagnostic performance of diagnostic algorithms for sus-
pected PE in the setting of COVID-19.

Based on available literature, the index of suspicion for PE should be high in the case
of unexplained abrupt worsening of respiratory status, typical symptoms of deep-vein
thrombosis and/or acute unexplained right ventricular dysfunction. Despite the lack
of prospective diagnostic management studies, we propose to adhere to current diag-
nostic algorithms applying assessment of pretest probability and D-dimer testing as
available evidence suggests that these might be considered safe. Preferably, algorithms
using adjusted D-dimer thresholds are recommended as it likely improves the yield of
the clinical decision rule/D-dimer combination.
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Challenges in the diagnostic approach of suspected pulmonary embolism in COVID-19 patients

INTRODUCTION

Venous thromboembolism (VTE), manifesting as deep-vein thrombosis (DVT) or pulmo-
nary embolism (PE), is a well-known complication in (hospitalized) patients with acute
infections.” This is related to strong thrombotic risk factors including inflammation,
activation of the coagulation system, immobilization, and diffuse intravascular coagula-
tion, the latter in patients with serious disease."” International guidelines recommend
pharmacological thromboprophylaxis in patients with infectious diseases upon hos-
pitalization.” However, how often respiratory tract infections led to clinically relevant
thrombotic disease was hitherto not well known. This has changed dramatically since
the outbreak of the new coronavirus-induced severe acute respiratory disease (CO-
VID-19). Early studies from Wuhan (China) already reported on coagulation abnormali-
ties and coagulopathy in hospitalized patients with COVID-19 at the beginning of 2019.%*
This was followed by studies from Europe and America finding alarmingly high rates of
VTE in patients with severe COVID-19 infection treated at Intensive Care Units (ICU) and
wards.”*® Incidences in these studies varied, but cumulative incidences of nearly 50%
were reported in ICU patients and, although lower, between 5% and 10% in COVID-19

patients hospitalized on the general wards.'**®

Diagnosing VTE and specifically PE is long recognized to be difficult as signs and symp-
toms of PE are non-specific and show a wide variety. Common signs of PE comprise
chest pain, shortness of breath and hemoptysis.’ Yet, PE shares signs and symptoms
with other conditions, including acute coronary syndrome, dissection of the thoracic
aorta, pneumothorax and respiratory tract infections.® As a consequence, many patients
are investigated for PE and referred for diagnostic imaging, with a low proportion of
confirmed cases.”?" Diagnosing PE is thus already notoriously difficult and COVID-19
challenges our usual way to deal with VTE suspicion and management even more. As
guidance on the best diagnostic approach in COVID-19 patients is lacking, we will focus
in this review on the diagnosis of pulmonary embolism in patients presenting with
(suspected) COVID-19.

DIAGNOSTIC APPROACH OF PE IN GENERAL

As signs and symptoms are non-specific, a diagnosis of VTE can only be established by
means of imaging, of which computed tomography pulmonary angiography (CTPA) is
the current standard for PE.**** Unfortunately, imaging tests as CTPA are associated with
radiation exposure, complications related to contrast material, and are also costly and
time consuming.” Besides, overdiagnosis due to the identification of smaller (isolated),
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possibly irrelevant, subsegmental emboli is an increasing challenge due to current
high-sensitive scanning techniques.””® Nevertheless, these patients are often treated
with anticoagulants and thus at risk for bleeding complications. Therefore, various
diagnostic algorithms have been developed, with the aim of simplifying the diagnostic
management of patients with suspected PE, and to reduce the number of required im-
aging tests. These algorithms start with a clinical decision rule (CDR), which combines
different clinical factors to yield a score. These scores estimate the pretest probability
of PE, and together with D-dimer testing, decide to refer patients for imaging or not.”*
Following these algorithms, imaging must follow in the case of a high pretest probability
and/or abnormal D-dimer.”* These algorithms have proven to be safe and efficient in
the general population as PE can be ruled out based on CDR and D-dimer testing alone
(without imaging) in approximately one-third of patients, and the proportion of these
patients with symptomatic VTE during 3-months follow-up (the failure rate) is less than

1032527

DIAGNOSTIC APPROACH OF PE IN SPECIAL PATIENT POPULATIONS

Special patient populations with a high risk for PE are for instance patients with cancer,
elderly patients, patients who are hospitalized or patients with renal insufficiency.>** As
aresult, the diagnosis of PE is frequently considered in these patients, yet the diagnostic
approach is particularly challenging. Aging is for instance associated with an increasing
prevalence of cardiac and pulmonary comorbidities, of which the symptoms can mimic
the nonspecific symptoms of PE.”® It is recognized that CDRs and D-dimer tests may not
be as safe and efficient in these patient subgroups. This is related to diverse variables
included in the CDRs - where for instance the presence of cancer alone increases the
pretest probability if using the commonly used Wells or Geneva CDRs** - but also D-
dimer levels are often elevated in the absence of thrombosis due to low specificity of
D-dimer testing. As a consequence, many patients are referred for imaging, with a low
proportion of confirmed cases among those tested. To improve the yield of these di-
agnostic algorithms, age-adjusted D-dimer thresholds and D-dimer thresholds adapted
to clinical probability were developed.®* The age-adjusted threshold of D-dimer is
calculated as age * 10 pg/L for patients above 50 years, while the clinical probability
dependent threshold varies between 500 and 1000 ng/mL dependent on the pretest
probability (Figure 1).>** As such, the threshold of 1000 ng/mL is high and would only
be reached in a patient of 100 years old when incorporating the age-adjusted D-dimer
threshold. When applying these adjusted D-dimer thresholds, the number of patients
requiring an imaging test has come down to 50-65% in the general population.®***
Even in these special patient populations, the adjusted D-dimer threshold doubles the
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Challenges in the diagnostic approach of suspected pulmonary embolism in COVID-19 patients

number of patients that can be ruled out based on CDR and D-dimer testing alone.***

Other important patient subgroups in which the CDR/D-dimer combination has been

shown useful and safe are inpatients and patients with renal insufficiency.*"*

YEARS algorithm for suspected acute pulmonary embolism

\

Order D-dimer test and score presence of the three YEARS items:

1. Clinical signs of DVT
2. Hemoptysis
3. PE most likely diagnosis

l
! ! ! }

0 YEARS items +
D-dimer <1000
ng/mL

0 YEARS items +
D-dimer 21000
ng/mL

1-3 YEARS items
+ D-dimer <500
ng/mL

1-3 YEARS items
+ D-dimer =500
ng/mL

Y

‘ PE excluded ’

\i

( Order CTPA ’

\
‘ PE excluded ’

y
‘ Order CTPA ’

Figure 1. YEARS algorithm for suspected pulmonary embolism
DVT: deep-vein thrombosis; PE: pulmonary embolism; CTPA: computed tomography pulmonary angiography

DIAGNOSTIC APPROACH OF PE IN COVID-19 PATIENTS

Evidence for thrombotic complications in COVID-19

COVID-19 patients show a wide spectrum of clinical presentation, from mild disease
with flu-like symptoms to a critical care respiratory condition requiring ICU admission
and mechanical ventilation.***® This latter category of patients exhibits a high risk of
VTE, despite pharmacological thromboprophylaxis.”***® This may be explained by a
more intensive inflammatory state and resultant coagulation activation, combined with
complete immobilization and resultant lower limb paralysis during mechanical ventila-
tion, and the frequent use of central venous catheters.*** Moreover, the incidence of
thrombotic complications in COVID-19 patients seems to be higher than reported in ICU
patients hospitalized for other diseases including influenza.**** Once the high incidence
of thrombotic complications in hospitalized COVID-19 patients was elucidated, the
threshold to suspect VTE and foremost PE among clinicians lowered. Nevertheless,
COVID-19 challenges our usual way to deal with VTE suspicion and management and
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in particular guidance on the best diagnostic management approach of suspected PE
is lacking.

Difficulties encountered in the diagnostic evaluation of suspected PE in
COVID-19

The diagnostic approach of suspected PE in COVID-19 patients is hampered by the wide
overlap between symptoms associated with COVID-19 and symptoms associated with
pulmonary embolism.? Patients with COVID-19 typically present to the emergency de-
partment with respiratory complaints, but chest pain and hemoptysis can also be pres-
ent.® This raises the question when to suspect PE in a COVID-19 patient. Subsequently,
theyield of applying a diagnostic algorithm, including D-dimer test, in COVID-19 patients
is unknown. This is especially relevant since elevated D-dimer levels are one of the most

consistent findings across studies in hospitalized COVID-19 patients®**°

, which presumes
that the D-dimer test is of less value in these patients. As a consequence of the unknown
safety and efficacy of these diagnostic algorithms in patients with (suspected) COVID-19
and the presumed futility of D-dimer as a diagnostic test, clinicians may often directly
order CTPA when suspecting PE. Consequently, patients are potentially overexposed to
the risks of CTPA. In addition, renal function can be compromised in patients with severe
COVID-19 infection which limits imaging requiring contrast material. Finally, performing

CTPA is not always feasible in the critically ill instable ICU admitted COVID-19 patient.

Identifying who to suspect for concomitant PE

Despite the known high incidence of thrombotic complications in COVID-19 patients,
routine investigation for PE, in the absence of clinical manifestations of PE or other
supporting information, is not warranted.”*’ Guidance on the diagnostic approach of
suspected PE in COVID-19 patients thus begins by correctly identifying who to investi-
gate for concomitant acute PE. Recent studies have shed light on reasons for performing
diagnostic tests for suspected VTE in COVID-19 patients.*® Importantly, an international
survey among clinicians was performed, on current practice patterns about prevention,
diagnosis and treatment of VTE in COVID-19 patients.*® Characteristics including abrupt
worsening of respiratory status, hemodynamic instability (hypotension and/or tachy-
cardia), unilateral limb swelling, signs of right-heart strain on electrocardiogram (ECG)
or bedside echocardiogram, increasing D-dimer levels over time, IV-line malfunction or
increase in ventilated to perfused lung areas (dead space) alarmed clinicians to suspect
VTE in (suspected) COVID-19 patients.”**° Indeed, higher D-dimer levels were found to be
associated with thrombotic complications in a previously published systematic review
and meta-analysis.'® Following the European Society of Cardiology recommendations,
acute PE should be considered in patients with COVID-19 infection in the setting of un-
expected respiratory worsening, new/unexplained tachycardia, a fall in blood pressure

190



Challenges in the diagnostic approach of suspected pulmonary embolism in COVID-19 patients

not attributable to tachyarrhythmia, hypovolemia or sepsis, (new-onset) ECG changes
suggestive of PE, and signs of deep-vein thrombosis of the extremities.*

Diagnostic algorithms for suspected PE in COVID-19

Diagnostic algorithms are the cornerstone of the diagnostic management of suspected
PE, also in special patient populations.® However, the safety and efficacy of these
diagnostic algorithms in (suspected) COVID-19 patients is unknown, as prospective
diagnostic management studies are lacking. Recent literature on hospitalized COVID-19
patients showed that (highly) elevated D-dimer levels are common, even in the absence
of thrombosis.*******® Importantly, these studies used the fixed D-dimer threshold of 500
ng/mL and a considerable number - varying between 18-53% - of patients in these stud-
ies had D-dimer values below 1000 ng/mL.*****® This is crucial since adjusted D-dimer
thresholds, up to 1000 ng/mL, have been validated in the general population and could
still be useful in the setting of COVID-19 (Figure 1).*"*

Up to now only a limited number of retrospective cohort studies studied the perfor-
mance of the CDR/D-dimer combination in COVID-19 patients. One study examined the
performance of the Wells score with a fixed D-dimer threshold of 500 ng/mL for diag-
nosing PE in (suspected) COVID-19 patients.* 74% of patients in this study had a Wells
score indicating an unlikely probability for PE, but this had a limited role in excluding
PE since only 2% of patients had a negative D-dimer.>® As expected, this study is limited
by the use of the fixed D-dimer threshold of 500 ng/mL. Another study in 71 non-ICU
patients investigated the negative predictive value of a D-dimer level below 1000 ng/
mL, taking into account the latest available D-dimer value prior to VTE diagnosis.*® The
negative predictive value in this study was 95% and 100% for VTE and PE respectively.®
Several studies have tried to retrospectively determine an optimal D-dimer threshold in
patients with COVID-19 infection and clinically suspected VTE.***"® Importantly, these
studies are limited by small sample size and lack of prospective validation. Moreover,
these studies included patients based on performed imaging tests and identified the
last available D-dimer values in these patients, which were subsequently used for the
analyses. This selection bias limits the ability to study the performance of D-dimer as
patients who were ruled out from having VTE based on CDR/D-dimer alone (thus with-
out imaging) were not included.

In conclusion, the safety and efficiency of these diagnostic algorithms is not prospec-
tively validated in the setting of COVID-19 thus far, although there are no reasons to
doubt the sensitivity of the algorithm. Importantly, as COVID-19 patients who are hos-
pitalized are at increased risk for developing PE, due to the infection itself and other
risk factors such as immobility, these patients remain at risk to develop new (de novo)
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thrombotic events during follow-up. This can ‘artificially’ increase the failure rate, yet
the same accounts for patients in whom imaging was performed, as CTPA itself was
demonstrated previously to not be ‘failure rate free’ as well.”®*® Although diagnostic
algorithms might be considered safe, efficiency could be diminished in the setting of
COVID-19, especially when applying a fixed D-dimer threshold. In conclusion, the use of
such diagnostic algorithms for suspected PE is supported by the current international

consensus documents on this topic.**

Performing CTPA in COVID-19

In accordance with non-COVID-19 patients, the current golden standard for diagnosing
PE in patients with COVID-19 is CTPA. Of note, relative contraindications for CTPA and
iodinated contrast agents are acute kidney injury or an estimated glomerular filtration
rate (eGFR) less than 30 mL/min/1.73 m2 in patients who are not undergoing mainte-
nance dialysis. In these patients prophylaxis with intravenous normal salineis indicated,
if there are no contraindications (i.e. heart failure). Prophylaxis can also be considered
in patients with an eGFR of 30-44 mL/min/1.73 m2 at the discretion of the treating physi-
cian.®® Pre-medication may be recommended in patients with previous hypersensitivity
(allergic) reactions.® Finally, the ventilation-perfusion (VQ) scan may be considered
as an alternative imaging method. Performing imaging tests is not always feasible in
critically ill instable ICU admitted patients. It could be an option in these instable ICU
patients to perform a bilateral compression ultrasonography of the legs (CUS), as a posi-
tive CUS provides an indication for anticoagulant therapy and imaging of the chest is
not necessary anymore.*" Such a strategy is also recommended by current consensus
documents on COVID-19 and suspected PE.**"" Yet, the yield of this approach differs
between studies and above all is reported to be low in ward admitted patients without
symptoms of DVT.**™ Nevertheless, in patients admitted to the ICU, screening with CUS
revealed high percentages of DVT of the legs.®>™"™ Finally, empiric anticoagulation in
patients in whom imaging is absolute impossible should be considered in patients with
a high clinical suspicion of PE, balancing the risk of untreated PE with risk of recurrent
(fatal) PE and bleeding associated with anticoagulation.®’ In the case of empiric antico-
agulation, performing CTPA at a later stage when the clinical condition of the patient is
improved is nevertheless recommended. If a patient presents with clinically suspected
PE with hemodynamic instability, an (point-of care) echocardiogram may be performed
which can show central pulmonary emboli and/or right ventricular dysfunction, al-
though a normal echocardiogram does not exclude PE.**"¢
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CONCLUSION

Diagnosing PE is particularly challenging in patients with COVID-19. Despite the known
higher risk of thrombotic complications in the setting of COVID-19, screening investiga-
tion for acute PE in all COVID-19 patients is not warranted. Identifying who to investigate
for concomitant PE is difficult, as signs and symptoms of PE and COVID-19 show wide
overlap and elevated D-dimer levels are a common finding in patients with COVID-19.
The index of suspicion for PE should be high in the setting of unexpected respiratory
worsening, new/unexplained tachycardia, a fall in blood pressure not attributable to
tachyarrhythmia, hypovolemia or sepsis, (new-onset) ECG changes suggestive of PE,
and signs of deep-vein thrombosis of the extremities. Also, increasing D-dimer levels
over time could be helpful in recognizing patients at risk for PE. Imaging tests are often
ordered at a low threshold, due to the unknown safety and efficiency of diagnostic
algorithms for suspected PE in the setting of COVID-19. Despite the lack of prospective
diagnostic management studies, available evidence suggests that diagnostic algorithms
for ruling out PE might be considered safe in patients with COVID-19, although efficiency
could be diminished. This advice is being supported by current international consensus
documents and guidelines on this topic. As D-dimer levels are often elevated in CO-
VID-19 patients, even in the absence of thrombosis, applying a fixed D-dimer threshold
limits the ability to exclude PE without CTPA. Therefore, we propose to use algorithms
with age-adjusted or pretest probability adjusted D-dimer thresholds since this likely in-
creases the diagnostic yield of the CDR/D-dimer combination. The diagnostic standard
for diagnosing PE is CTPA. Performing CTPA may be contra-indicated because of high-
risk in hemodynamically instable ICU admitted patients. As confirming the diagnosis is
preferred over empirical anticoagulation therapy, bilateral CUS for the presence of DVT
or echocardiogram for signs of right ventricular overload may be considered. If positive
this may justify the start of anticoagulation therapy.
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