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Abstract

Objectives To describe imaging and laboratory findings of confirmed PE diagnosed in COVID-19 patients and to evaluate the

characteristics of COVID-19 patients with clinical PE suspicion. Characteristics of patients with COVID-19 and PE suspicion

who required admission to the intensive care unit (ICU) were also analysed.

Methods A retrospective study from March 18, 2020, until April 11, 2020. Inclusion criteria were patients with suspected PE and

positive real-time reverse-transcription polymerase chain reaction (RT-PCR) for SARS-CoV-2. Exclusion criteria were negative

or inconclusive RT-PCR and other chest CT indications. CTPA features were evaluated and severity scores, presence, and
localisation of PE were reported. D-dimer and IL-6 determinations, ICU admission, and previous antithrombotic treatment were
registered.

Results Forty-seven PE suspicions with confirmed COVID-19 underwent CTPA. Sixteen patients were diagnosed with PE with

a predominant segmental distribution. Statistically significant differences were found in the highest D-dimer determination in

patients with PE and ICU admission regarding elevated IL-6 values.

Conclusion PE in COVID-19 patients in our series might predominantly affect segmental arteries and the right lung. Results

suggest that the higher the D-dimer concentration, the greater the likelihood of PE. Both assumptions should be assessed in future

studies with a larger sample size.

Key Points

* On CT pulmonary angiography, pulmonary embolism in COVID-19 patients seems to be predominantly distributed in seg-
mental arteries of the right lung, an assumption that needs to be approached in future research.

* Only the highest intraindividual determination of D-dimer from admission to CT scan seems to differentiate patients with
pulmonary embolism from patients with a negative CTPA. However, interindividual variability calls for future studies to
establish cut-off values in COVID-19 patients.

* Further studies with larger sample sizes are needed to determine whether the presence of PE could increase the risk of intensive
care unit (ICU) admission in COVID-19 patients.
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Abbreviations

COVID-19 Coronavirus infectious disease 2019

RT-PCR Reverse-transcription polymerase
chain reaction

CTPA CT pulmonary angiography

PE Pulmonary embolism

ICU Intensive care unit

SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2

Introduction

The COVID-19 pandemic began in Wuhan (Hubei, China) in
December 2019 and rapidly spread around the world. At the
beginning of April 2020, there were over 100,000 confirmed
cases and more than 10,000 deaths in Spain. Radiological
literature has until now focused on non-contrast computed
tomography (CT) findings to describe the probability of infec-
tion [1] due to limitations of sensitive real-time reverse-tran-
scription polymerase chain reaction (RT-PCR) results [2, 3].
However, the elevation of D-dimer has been reported in pa-
tients infected with the novel coronavirus [4], which, in our
institution, has led to an increase in the number of CT pulmo-
nary angiography (CTPA) requests with suspected pulmonary
embolism (PE). D-dimers are able to rule out deep vein throm-
bosis and PE in outpatients with low or intermediate clinical
probability of PE. However, unless specific cut-off levels are
used, its usefulness in hospitalised patients with suspected
thromboembolism is less established. Based on a retrospective
study, D-dimers above 2000 pg/L were predictive of the pres-
ence of PE independently of the clinical score [5]. Besides, as
D-dimer levels increase for around 7 days during the PE event,
late evaluation may lead to underestimated determination [6].
The aim of this study is to describe the imaging and laboratory
findings of confirmed PE diagnosed in COVID-19 patients.
We have evaluated the characteristics of COVID-19 patients,
with clinical suspicion of PE, who had had confirmatory
CTPA and compared them to those who had not. In addition,
we also analysed the characteristics of patients with COVID-
19 and PE suspicion who required admission to the intensive
care unit (ICU).

Materials and methods

The study was approved by the Clinical Research Ethical
Committee of the Parc de Salut Mar, which due to the excep-
tionality of the pandemic emergency waived the informed
consent. A retrospective study was performed to analyse CT
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scans and laboratory of COVID-19 patients admitted to our
hospital.

Clinical evaluation

Nine hundred and nineteen patients (804 laboratory-
confirmed SARS-CoV-2 and 115 pending result) with clinical
COVID-19 were hospitalised in our institution during the time
that this study data was registered. Due to sensitivity limita-
tions of RT-PCR (around 70% in the diagnostic kit used in our
hospital), a situation already described [2, 3], and delays in
obtaining results, clinical assessment was essential in the ini-
tial diagnosis of COVID-19 pneumonia (sudden onset of dry
cough, fever, or shortness of breath [4]). Inclusion criteria
were contrast-enhanced studies with CTPA protocol in adult
patients with elevated clinical suspicion of PE and both posi-
tive screening and confirmatory RT-PCR for SARS-CoV-2.
Exclusion criteria were negative or inconclusive RT-PCR,
even when clinical and imaging findings were consistent with
viral pneumonia, and other reasons for CT request other than
PE suspicion. The CT studies were searched for in the elec-
tronic database from March 18 to April 11, while the clinical
and laboratory data were collected through available electron-
ic medical records. Time from the onset of the symptoms to
the CT performance was collected under the name of time to
PE (TTP).

Severe cases of COVID-19 are associated with increased
IL-6 levels [7]. Cytokines are fundamental in managing im-
munological and severe reactions; among them, IL-6 is vital
on account of its pleiotropic impacts [8]. A recent meta-
analysis of the impact of IL-6 as disease progression predictor
was performed; presenting evidence that circulating IL-6
levels are firmly connected to the severity of COVID-19 in-
fection [9]. On the other hand, increased expression of IL-6
has correlated with an increase of the incidence of deep vein
thrombosis [10]. On behalf of this evidence, measuring IL-6
levels was considered a standard of care for COVID-19 pa-
tients in our centre, not only in the follow-up of the COVID-
19 patient status but also in the consideration of anti-
interleukin-16 agents (tocilizumab, sarilumab, siltuximab)
[10]. The first determination of IL-6 after admission was col-
lected for this study, as it would not be influenced by COVID-
19 treatments. Regarding D-dimer testing, initial values on
admission and immediately before CT were registered. The
highest D-dimer testing before the scan was also collected to
avoid underestimation due to late evaluation.

Anticoagulant therapy before the CT examination and its
doses were also registered since the intrinsic SARS-CoV-2
risk of disseminated intravascular coagulation and venous
thromboembolism has led to the recommendation of
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anticoagulant treatment by expert consensus [11, 12]. In our
centre, anticoagulant strategy in patients with COVID-19 has
evolved during the pandemic. In the first period, all patients
with no anticoagulation contraindications received prophylax-
is with low molecular weight heparin at standard doses rec-
ommended for medically ill patients (enoxaparin 40 mg per
day subcutaneously). In the second period, patients who had a
D-dimer above 2000 mcg/L received intermediate doses of
low molecular weight heparin (enoxaparin 1 mg/kg per day
subcutaneously), while the other patients had standard dose
prophylaxis.

Admission to the ICU for COVID-19 patients in our insti-
tution included clinical (tachypnoea, tachycardia, persistent
hypotension, Glasgow coma scale < 14, persistent respiratory
failure under Venturi mask with 50% FIO,, and abnormal
work of breathing) and/or laboratory criteria (pH < 7.3,
HCO3 <15 mmol/L or PaCO, > 60 mmHg, lactate
> 3.5 mmol/L, persistent renal failure, and disseminated intra-
vascular coagulation).

Imaging and interpretation

CTPA examinations were obtained in a multidetector CT
scanner (Discovery CT750 HD, GE Healthcare) by using a
dual-energy CTPA protocol (Gemstone Spectral Imaging
GSI), with the following parameters: tube voltage 80—
140 kV, 340 mA, pitch =0.984, rotation time =0.5 s, field
of view =512 mm X 512 mm, 64 x 0.625-mm detector config-
uration, and slice thickness =1.25 mm. The CT acquisition
was performed using automatic bolus-tracking technique (re-
gion of interest located at the pulmonary artery with a trigger
threshold of 150 HU) after a weight-based protocol injection
of 50-70 mL of nonionic iodinated contrast media
(Omnipaque 350, GE Healthcare) at a flow rate of 4 mL/s,
followed by a 25-mL saline flush. DICOM data was trans-
ferred to a PACS workstation (Centricity Universal Viewer
v.6.0, GE Medical Systems), for multiplanar reconstruction
and evaluation, in both lung and mediastinal windows, of
monochromatic CT angiographic images. lodine maps were
analysed with dedicated software (GSI viewer, AW server2.2,
GE Healthcare) and used to improve accuracy for distal per-
fusion defects [13]. Homogeneous lung perfusion did not ex-
clude the meticulous revision of pulmonary arteries on CTPA
images. Studies were considered non-diagnostic whenever
breathing or streak artefacts impaired segmental, lobar, and
main pulmonary branches evaluation. Subsegmental arteries
were carefully examined before and after iodine map inspec-
tion but a lack of complete visualisation was reported as neg-
ative CTPA. Our thoracic imaging section members (senior
radiologists with 12 and 29 years of experience) reviewed all
cases and resolved discrepancies by consensus.

PE detection and location were reported and grouped into
central and lobar PE or segmental and subsegmental PE for

analysis. The following features were used to establish the
pattern of COVID-19 pneumonia: the presence of multiple
bilateral foci of ground-glass opacities (GGO), lower lobe
predominance with peripheral distribution that could be asso-
ciated with crazy-paving pattern, peripheral consolidation, air
bronchograms, perilobular pattern, and/or reverse “halo” sign
[14, 15]. Patients were defined as positive when the pattern
was consistent with COVID-19 pneumonia and isolated as
such in wards established for this purpose.

All CT disease patterns were quantified with a score from 1
to 4 in mild (1), when there were up to 3 focal pure GGO of
less than 3 c¢m in maximum diameter; moderate-severe (2)
when there were more than 3 focal GGO or maximum diam-
eter superior to 3 c¢cm; moderate-severe (3) in focal GGO
mixed with early consolidation; and severe (4) when there
were diffuse GGO or consolidation and signs of architectural
distortion [15]. As reviewed by the British Society of Thoracic
Imaging, differences between moderate and severe disease
have a great amount of subjectivity which may lead to low
interobserver agreement.

Statistical analysis

Statistical analysis was performed with the IBM SPSS
Statistics version 23.0 software (IBM). Continuous data were
expressed as median with its interquartile range and full range
and were tested for normality using the Kolmogorov-Smirnov
test. Non-normally distributed variables were compared with
the Mann-Whitney U test. Categorical variables were de-
scribed as number (percentage) and compared with Fisher’s
exact test. Missing data implied patient exclusion for that var-
iable analysis.

A p value of less than 0.05 was considered statistically
significant.

Results

Forty-seven PE suspicions meeting the inclusion criteria for
COVID-19 pneumonia were registered in the Diagnostic
Imaging Department and underwent CTPA scan. None of
these studies was considered non-diagnostic. There were 17
(36%) females and 30 (64%) males, with a median age of
65 years (IQR, 54-73, range 30-94). In 45 patients (96%),
both RT-PCR and CTPA were concordant for COVID-19.
Two patients had positive RT-PCR with non-COVID-19 pul-
monary findings on the CT scan. One of these two normal CT
corresponded to a patient in “early stage” (3 days after the
onset of symptoms). The severity of the pulmonary findings
was distributed as such: 2 (4.25%) normal CT scans, two
(4.25%) mild, three (6.4%) moderate-severe, eleven (23.4%)
moderate-severe, and 29 (61.7%) severe cases (Fig. 1).
Twenty-three patients (49%) were admitted to the ICU.
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Fig. 1 Images ordered by score
from the upper left to bottom right
in mild (a =score 1), moderate-
severe (b = score 2), moderate-
severe (¢ = score 3), and severe
(d =score 4)

B

Thirty-six patients (77%) received enoxaparin treatment be-
fore the CT examination: prophylactic dosage 40 mg/day (n =
18, 50%), intermediate doses mg/kg/day (n=17, 47.2%), and
full-dose regimen mg/kg/12 h (n=1, 2.8%). Sixteen patients
(34%) were diagnosed with PE with the clinicoradiologic
characteristics being shown in Table 1. Three patients
(18.75%) had central PE and 4 patients (25%) had lobar PE,

L

while 9 patients (56.25%) had purely segmental (5, 31.25%)
or subsegmental (4, 25%) PE (Figs. 2, 3, 4, and 5). The right
lung was involved in 15 cases (93.75%) and in 9 cases
(56.25%), the left lung was affected. Three patients had CT
signs of right cardiac overload, with one of them having cen-
tral filling defects and the other two lobar or segmental arteries
affected (Fig. 3). The median time to PE (TTP) was 16 days

Table 1 Confirmed PE in COVID-19 patients

D-dimer (pg/L) TTP (days) PE Sites of PE Anticoagulant ICU

therapy
Gender Age (y) Initial Highest DDCT prior to CT

Patient 1 M 62 310 4330 2330 10 Lobar + segmental RUL, RLL, LUL, LLL Prophylaxis Yes
Patient2 F 76 1420 35,200 32,140 21 Central Bilateral Prophylaxis Yes
Patient3 F 48 10,050 19,680 4700 12 Segmental RLL, RUL Prophylaxis Yes
Patient4 M 73 650 33,600 20,280 14 Segmental RUL, LUL, LLL, lingula  Prophylaxis Yes
Patient 5 M 78 >35200*% >35,200* >35200 2 Central Bilateral No No
Patient 6 F 34 2140 5930* 5930 17 Segmental RLL Prophylaxis Yes
Patient 7 F 69 540 5140 4360 14 Lobar + segmental LLL, LUL, RLL, RUL Intermediate Yes
Patient 8 F 72 2350 31,550 12,160 15 Central Bilateral Intermediate No
Patient9 F 59 1320 6120 5620 12 Lobar + segmental LUL, LLL, RUL,RLL, ML Prophylaxis No
Patient 10 M 69 3510 3510 2030 20 Subsegmental RLL Prophylaxis No
Patient 11 M 56 350 35,200 9900 29 Subsegmental RUL Intermediate Yes
Patient 12 M 59 360 15710%* 15,710 17 Subsegmental LLL Intermediate Yes
Patient 13 M 48 1070 12,950 3790 18 Subsegmental RUL Intermediate Yes
Patient 14 F 94 6570%* 6570* 6570 3 Segmental ML, RUL, LLL No No
Patient 15 M 71 390 35,200 4670 25 Segmental RUL Intermediate Yes
Patient 16 M 58 2100 23,970 10,840 22 Lobar RLL Intermediate Yes

DDCT, p-dimer prior to the CT. y, year; M, male; F, female; T7P, time To PE; PE, acute pulmonary embolism; /CU, intensive care unit; RLL, right lower
lobe; RUL, right upper lobe; ML, median lobe; LUL, left upper lobe; LLL, left lower lobe. Sites of PE in italics are the lobar affected arteries. *D-dimer

values are the same from the DDCT
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Fig. 2 Segmental left lower lobe PE over a severe lung involvement.
CTPA, with lung window (a, b, ¢) and volume rendering (d) images,
shows extensive lung involvement (score 4) with typical findings as
reverse halo sign (a, arrow), bilateral peripheral GGO and
consolidations with perilobular distribution (b, arrows), and

(IQR 12-20.75, range 2—-29). The patient with the lowest TTP
(2 days) had been discharged from a pacemaker insertion
2 days before the onset of symptoms.

In COVID-19 patients with PE, the highest intraindividual
D-dimer values were statistically significant when compared
with the non-PE group (p=0.015). No other differences

architectural distortion with peripheral sparing (¢, arrows). We can also
appreciate (e) a small peripheral thrombus (arrow) in a segmental artery of
the left lower lobe. Sagittal iodine map image (f) allows us to define
segmental vessel obstruction (arrow) and peripheral hypoperfusion
(asterisk)

between groups regarding gender, age, the rest of D-dimer
determinations, lung disease score, initial IL-6, anticoagulant
therapy, or anticoagulant doses prior to the CT were statisti-
cally significant. However, a difference in the means of initial
IL-6 in PE patients (125.08 pg/mL) versus non-PE patients
(534.82 pg/mL) was seen. There were no differences in the

Fig. 3 Segmental left lower lobe and right upper lobe PE. Segmental
bilateral embolisms (arrows) can be appreciated in axial (a, b) and oblique
MIP and VR images (e, f) over a moderate-severe (score 3) pulmonary

involvement (d). Signs of right cardiac overload (black arrow) with in-
terventricular septum shifting towards the left ventricle are shown in ¢
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Fig. 4 Saddle pulmonary embolism. Saddle pulmonary embolism can be appreciated in axial (b) mediastinal window, over a moderate-severe (score 3)
pulmonary involvement (c). lodine map image depicts a hypoperfusion area (a; asterisk) in the right lung

sites of PE with respect to either D-dimer determinations or
previous antithrombotic treatment.

Even though 11/16 patients (68.8%) with PE were admitted
to the ICU compared with 12/31 (38.7%) in the negative
CTPA group, there were no statistically significant differences
in the 2-sided Fisher’s exact test (p =0.069) regarding ICU
admission. On analysing the ICU admission data in suspected
PE patients, statistically significant differences were seen in
anticoagulant therapy prior to CT (p =0.036), as patients in
the ICU were more likely to receive antithrombotic treatment
and also higher dosages (p =0.007). Significant differences
were also seen in initial IL-6 (p <0.001), being higher in ad-
mitted ICU patients (mean 565.8 pg/mL versus 236.61 pg/mL
in non-ICU admitted patients). Differences were found re-
garding the highest D-dimer determinations (15,195.22 ng/L
in ICU admitted patients vs 9541.3 pg/L in non-ICU admitted
patients), although they were not statistically significant (p =
0.084). There were no statistically significant differences re-
garding lung disease score; however, a slightly higher score

S

Fig.5 Bilateral PE with segmental left lower lobe pulmonary infarct over
a severe lung involvement. CTPA (a, b, ¢) shows bilateral thrombi
(arrows), one located in the distal portion of a segmental artery of the
left lower lobe (¢). Pulmonary window image (d) depicts multiple GGO
areas and consolidations, with typical peripheral sparing consistent with

@ Springer

was seen in ICU-admitted patients (mean 3.13 in non-ICU
patients versus 3.57 in ICU patients).

Discussion

CT findings in COVID-19 patients were very similar to the
ones described in other countries, with predominantly periph-
eral ground-glass foci that evolved into consolidation and ar-
chitectural distortion [3, 14, 16]. Lung disease scores were
significantly high, which correlates with severe illness in pa-
tients with PE suspicion. There was an equal number of uni-
lateral and bilateral PE, emphasising a majority of segmental
PE (Table 1). The predominant involvement of the right lung,
especially its upper lobe, is also interesting, while the median
lobe and the lingula seem to have rarely been affected.
COVID-19 patients have difficulties holding their breath
during CTPA acquisition, which diminishes their eligibility
for peripheral PE. Dual-energy CTPA protocol may help to

COVID-19 lung involvement. Iodine map images (e and f) allow us to
define right lung hypoperfusion (e; asterisk) and a triangular
hypoperfused lesion (f; asterisk), inside the extensive lung involvement
and distal to the arterial thrombus, representing a pulmonary infarct
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detect distal involvement by depicting hypoperfused areas in
the iodine maps (Figs. 2, 4, and 5). However, in this series, we
did not monitor the number of cases diagnosed only by
DECT, as both CTPA and DECT were used to establish PE
diagnosis. Even though no studies were considered “non-di-
agnostic”, some subsegmental defects may have remained un-
detected due to respiratory motion artefacts. A recent study by
Idilman et al [17] also suggested that DECT analysis might
depict perfusion deficits in mild COVID-19 patients that
would otherwise be missed with conventional CT angiogra-
phy. Additional imaging testing, such as perfusion SPECT/CT
or DVT ultrasound as a thrombosis screening test, could also
be implemented in these patients [10] to increase the certainty
of PE and to complement clinical evaluation. It is also impor-
tant to draw attention to the fact that several patients (n = 18),
even though they had COVID-19-compatible CT findings,
were excluded from this study because the RT-PCR results
were negative or inconclusive. The low sensitivity of RT-PCR
has been an added obstacle for identifying COVID-19
patients.

Nevertheless, given the results, there are some highlights to
underline: the presence of PE may seem to increase the risk of
ICU admission in COVID-19 patients, despite some limita-
tions that will be addressed later. Differences observed in the
highest D-dimer values could imply that sequential D-dimer
testing could improve the early diagnosis of PE in these pa-
tients. Since D-dimer elevation is a common finding among
COVID-19 patients [4], further studies are needed to establish
a detection cut-off value. This would avoid unnecessary radi-
ation and infection risk to healthy individuals during
intrahospital patient transport [18]. This study could also raise
an initial recommendation referring to necessary IL-6 testing
at hospital admission for acute monitoring of patients with
higher determinations, as it could indicate worse clinical evo-
lution, while on its own it does not seem to correlate with PE
probability.

There were no significant differences in the probability of
PE between anticoagulated patients and those receiving no
treatment before CT. No significant differences either were
found regardless of the anticoagulation doses received.
However, due to the limited sample, the absence of differ-
ences between central or lobar PE and segmental or
subsegmental PE regarding anticoagulant dosage is difficult
to evaluate and could be a starting point for upcoming studies.
Further investigation about antithrombotic prophylaxis with a
larger sample is also required to assess risk benefit and opti-
mum dosages. As stated by Tang et al [11], the selection of
patients to receive anticoagulant treatment should be selective
and supported by evidence, and the need to establish a cut-off
value for the change in anticoagulant regimen is primarily
required. Attention and follow-up of these patients should be
taken into account as haemorrhagic events have been de-
scribed among COVID-19 patients [19].

It is important to remark on the limitations of the
presented results. First, the sample size of examination
is moderately scarce; therefore, it is intended to raise
the alarm about thrombotic events in a COVID-19 sce-
nario and provide a source for future studies with larger
samples. The retrospective nature of the study could
only show an association but not determine correlation:
it is unclear whether PE is a result of severe presenta-
tion of COVID-19, as discase extent (score) was similar
in both PE and non-PE groups. IL-6 determination on
admission as a biomarker of proinflammatory state was
not significantly different between these groups. These
results suggest that PE may be unrelated to the severity
of COVID-19. Gervaise et al [20] also found no differ-
ences in the severity of pulmonary findings in CT and
suggest the association between APE and non-severe
and non-hospitalised COVID-19 patients. However, PE
presence alone seems to increase the chance of ICU
admission (68.8% vs 38.7% in the negative CTPA
group), which should be confirmed with prospective
studies with larger sample sizes. However, due to the
design of this study, it is not possible to establish
whether PE was present before or after ICU admission.
Other risk factors for PE such as body mass index,
recent surgery, comorbidities, or subjacent malignant
disease were not controlled and could induce bias.

The highest frequency of involvement of the right lung
is possibly representative of a larger COVID-19 popula-
tion despite the small sample, as blood flow distribution
in the supine and prone positions is higher to the right
lung [21]. On the other hand, the upper segmental pre-
dominance could be the result of the sample size. Despite
these limitations, the patients recruited for this study were
exclusively confirmed COVID-19 patients with clinical
suspicion of PE. These restrictive inclusion criteria lead
to a more homogeneous sample that was thoroughly ex-
amined and provided important outcomes for future
studies.

Conclusion

PE in COVID-19 patients is a problematic issue that, in
our series, predominantly seems to affect segmental arter-
ies and the right lung, especially its upper lobe. However,
this statement is based in a small sample of individuals
and therefore needs to be approached in future research.
The results also suggest that the higher the b-dimer con-
centration, the greater the likelihood of PE, an assumption
that might be assessed in future studies with a larger sam-
ple size. Moreover, PE could increase the probability of
ICU admission even though it might not be linked with
the severity of COVID-19 pneumonia.
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