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Abstract

Background Pulmonary embolism (PE) has been described in coronavirus disease 2019 (COVID-19) critically ill patients,
but the evidence from more heterogeneous cohorts is limited.

Methods Data were retrospectively obtained from consecutive COVID-19 patients admitted to 13 Cardiology Units in Italy,
from March 1st to April 9th, 2020, and followed until in-hospital death, discharge, or April 23rd, 2020. The association
of baseline variables with computed tomography-confirmed PE was investigated by Cox hazards regression analysis. The
relationship between p-dimer levels and PE incidence was evaluated using restricted cubic splines models.

Results The study included 689 patients (67.3 + 13.2 year-old, 69.4% males), of whom 43.6% were non-invasively ventilated
and 15.8% invasively. 52 (7.5%) had PE over 15 (9-24) days of follow-up. Compared with those without PE, these subjects
had younger age, higher BMI, less often heart failure and chronic kidney disease, more severe cardio-pulmonary involve-
ment, and higher admission p-dimer [4344 (1099-15,118) vs. 818.5 (417-1460) ng/mL, p <0.001]. They also received
more frequently darunavir/ritonavir, tocilizumab and ventilation support. Furthermore, they faced more bleeding episodes
requiring transfusion (15.6% vs. 5.1%, p <0.001) and non-significantly higher in-hospital mortality (34.6% vs. 22.9%,
p=0.06). In multivariate regression, only p-dimer was associated with PE (HR 1.72,95% CI 1.13-2.62; p=0.01). The rela-
tion between D-dimer concentrations and PE incidence was linear, without inflection point. Only two subjects had a baseline
D-dimer < 500 ng/mL.

Conclusions PE occurs in a sizable proportion of hospitalized COVID-19 patients. The implications of bleeding events and
the role of p-dimer in this population need to be clarified.
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Introduction
Pietro Ameri and Riccardo M. Inciardi contributed equally. Pneumonia is the major clinical manifestation of novel
. . . . coronavirus disease 2019 (COVID-19) caused by severe
Electronic supplementary material The online version of . .
this article (doi:https://doi.org/10.1007/500392-020-01766-y) acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
contains supplementary material, which is available to authorized [1, 2]. Nonetheless, the cardiovascular (CV) system is often
users. affected in COVID-19 [3]. Abnormalities in laboratory

parameters indicating activation of the coagulation cascade
are frequent in patients with COVID-19, and have been
related to SARS-CoV-2-initiated inflammatory response and
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endothelial injury [4]. At present, the main consequence of
COVID-19 coagulopathy appears to be arterial and espe-
cially venous thromboembolism (VTE), with the lung being
the organ most commonly involved. Autopsy studies have
demonstrated the presence of thrombi in the pulmonary
arteries and alveolar capillaries of individuals deceased
from COVID-19 [5, 6]. Clinically, 20-30% of COVID-19
patients admitted to intensive care units (ICU) have pulmo-
nary embolism (PE) [7-10]. The frequency of PE in subjects
with non-critical COVID-19 seems to be lower, but it has far
less been studied [11-13]. Importantly, the risk of VTE is
influenced by patient- and care-related factors, such as eth-
nicity and intensity of treatments [4]. Moreover, the definite
diagnosis of PE relies on computed tomography pulmonary
angiography (CTPA), which has likely been accessible to a
variable extent in different hospitals even within the same
country, due to local measures adopted to limit the spreading
of SARS-CoV-2. Hence, it is important to obtain data about
PE in COVID-19 from heterogeneous cohorts of patients, in
order to expand the knowledge and possibly inform clinical
practice.

To this scope, we reviewed the dataset created by a col-
laborative initiative of several Cardiology Units involved in
the management of COVID-19 patients in Italy.

Methods
Study population

This retrospective, multicenter, observational study included
consecutive patients with laboratory-confirmed COVID-19
admitted to 13 Cardiology Units in Italy from March 1st to
April 9th, 2020, regardless of concomitant cardiac disease.
Supplemental Fig. 1 displays the location of the centers
across Italy: those in the Lombardy region accounted for 524
(76.1%) patients. In total, 7670 subjects with SARS-CoV-2
infection were admitted to the hospitals of the participating
Cardiology Units during the study period.

Diagnosis of COVID-19 was based on suggestive clinical
presentation, evidence of pneumonia at the chest radiog-
raphy or CT, and amplification of SARS-CoV-2 RNA by
real time reverse transcriptase—polymerase chain reaction of
pharyngeal swabs or lower respiratory tract aspirates.

The study complied with the Declaration of Helsinki and
was approved by the ethical committee of Spedali Civili
di Brescia, Brescia, Italy (no. NP 4105). Informed consent
was obtained from all patients who could give it. Only de-
identified (anonymized) data were analyzed.

Data collection

Medical records of the subjects included in the study were
reviewed until in-hospital death, discharge, or April 23rd,
2020, so that the minimum duration follow-up of alive
patients was 14 days. Those who were no longer hospital-
ized at the end of the follow-up are hereafter defined as
closed cases. The following information was collected:
PE, as diagnosed by CTPA; demographics and medical
history; prior chronic medical therapy; clinical features,
laboratory exams and right ventricle (RV)-focused echo-
cardiography measures at the time of admission to hospi-
tal; non-CV and CV complications that occurred during
the hospitalization; type of ventilation support and drugs
received for COVID-19; and in-hospital death. Preexisting
diseases and complications of COVID-19 were assigned
if reported in the medical records, with no specific defini-
tion. In the analysis, bleeding events requiring transfu-
sion were considered as major. Concentrations of p-dimer
2 days after admission, at peak and at discharge were also
retrieved. Beyond the p-dimer cut-off of 500 ng/mL, the
one calculated as age X 10 ng/mL was taken into account
for > 50 year-old subjects [14].

In the effort to better characterize the context in which
PE occurred, the medical records of patients with PE were
further reviewed and additional information was obtained
about anticoagulant therapy and risk factors for VTE.

Statistical analysis

Continuous variables are presented as mean with stand-
ard deviation (SD) if normally distributed and median
with interquartile range if skewed, dichotomous variables
as count and percentage of total. Comparisons between
groups were made by Student’s ¢ test for normally distrib-
uted continuous variables, Wilcoxon test for non-normally
distributed ones, and Chi-squared test for proportions.

The frequency and incidence rate (with 95% confidence
intervals, CI) of PE were calculated both in the whole
cohort and among closed cases.

Proportional hazards regression was used to investi-
gate the baseline variables associated with PE. First, uni-
variate hazard ratios (HR) with 95% CI were computed
for the variables significantly different between subjects
without and with PE. Next, a stepwise forward selection
was done to identify the correlates of PE. A sensitivity
analysis using a backward selection was also performed.
Furthermore, the multivariable model was also tested after
substituting peak p-dimer concentrations for baseline ones.

The flexible continuous relationship between base-
line and peak p-dimer levels and the incidence of PE
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was displayed using restricted cubic splines models with
three knots, resulting in the lowest model Akaike infor-
mation criterion (3—6 knots were assessed). The changes
in p-dimer values throughout hospitalization in patients
without vs. with PE were assessed using a mixed-effects
longitudinal model.

Analyses were performed with Stata, version 14 (Stata
Corp., College Station, TX, USA) and a p value < 0.05 was
considered significant.

Results

The study included 689 COVID-19 patients, of whom 52
(7.5%) were diagnosed with PE by CTPA over 15 (9-24)
days of follow-up. The corresponding incidence rate was
4.6 (95% CI 3.5-6.1) per 1000 person-months. The median
time from admission to diagnosis was 10 (3—17) days. Ten
(19.2%) PE were found on the day of hospital entry and
the other ones throughout hospitalization (Supplemental
Fig. 2). 91 (13.2%) subjects were still hospitalized at the
end of follow-up, with 599 (86.9%) being therefore closed
cases. The frequency and incidence rate of PE among these

latter were 7.1% and 5.2 (95% CI 3.9-7.0) per 1000 person-
months, respectively.

Patients’ characteristics and clinical course stratified
by pulmonary embolism

The baseline clinical characteristics and main laboratory
data of the study population are presented in Tables 1 and
2, respectively, according to the absence or occurrence of
PE. Additional laboratory values are provided in Supple-
mental Table 1.

Patients who developed PE were younger and had higher
body mass index (BMI) than those without PE (Table 1).
While CV risk factors were similarly distributed in the PE
and no-PE groups, heart failure and chronic kidney disease
were less common in the PE group. Anticoagulant therapy
before hospitalization was numerically more frequent in
patients with PE, primarily because of a larger use of direct
oral anticoagulants (Table 1).

On admission, subjects with PE had a lower oxygen
saturation than those without PE (Tablel). As showed in
Table 2, they also presented with higher white blood cell
count and concentrations of ferritin, aspartate transaminase,

Table 1 Baseline characteristics
of the study population,

stratified by occurrence of
pulmonary embolism

@ Springer

All (n=689) No PE (n=637) PE (n=52) p value
Age (years) 67.3+13.2 67.6+13.4 63.8+10.6 0.04
Male gender 487 (69.4) 437 (68.6) 41 (78.8) 0.12
BMI (kg/m?) 272453 27+5.2 29.6+6.3 0.003
Ever smoker 159 (27) 151 (27.7) 8 (18.6) 0.20
Hypertension 398 (56.9) 364 (57.6) 25 (48.1) 0.18
Dyslipidaemia 188 (27.5) 175 (27.7) 13 (25.0) 0.74
Diabetes 157 (23) 144 (22.8) 13 (25.0) 0.72
Heart failure 92 (13.5) 90 (14.2) 2(3.8) 0.04
Atrial fibrillation 105 (15.4) 102 (16.1) 3(5.8) 0.05
Coronary artery disease 143 (20.9) 137 (21.7) 6 (11.5) 0.08
COPD 67 (9.8) 64 (10.1) 3(5.8) 0.31
Chronic kidney disease 127 (18.6) 123 (19.5) 4(7.7) 0.04
ACEi/ARB therapy 133 (20.6) 123 (20.6) 10 (20.0) 0.91
Oral anticoagulant therapy 90 (14.1) 79 (13.5) 11 (21.6) 0.11
Direct oral anticoagulant 47 (7.4) 40 (6.8) 7(13.7) 0.07
Vitamin K antagonist 48 (7.5) 43 (7.3) 5(9.8) 0.52
Statin therapy 176 (27.2) 165 (27.7) 11 (21.6) 0.35
Fever (>37.5 °C) 440 (64.1) 408 (64.3) 32 (62.7) 0.83
Respiratory rate >22/min 279 (52.0) 253 (50.8) 26 (66.7) 0.06
SBP (mmHg) 129.6+21.5 129.7+21.4 129.2+22.4 0.89
Heart rate (bpm) 86.6+18.1 86.3+18.2 90.7+15.9 0.09
Oxygen saturation (%) 90.5+7.6 90.8+7.2 86.6+10.1 <0.001
LV ejection fraction (%) 52.5+11.3 52.1+11.7 553+84 0.12

Data are shown as count (%), mean + SD or median (interquartile range)

BMI body mass index, COPD chronic obstructive pulmonary disease, ACEi angiotensin-converting enzyme

inhibitor, ARB angiotensin receptor blocker, SBP systolic blood pressure, LV left ventricular
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Table 2 Main laboratory findings on admission in the study population, stratified by occurrence of pulmonary embolism

All (n=689) No PE (n=637) PE (n=52) p value
Hemoglobin (g/dL) 13.4 (11.8-14.4) 13.4 (11.8-14.4) 13.3 (12.1-14.9) 0.46
White blood cell count (/uL) 6760 (4990-9320) 6620 (4930-9200) 8500 (6717-11,525) 0.002
Lymphocyte count (/pL) 921.5 (620-1300) 921.5 (620-1,300) 932 (569-1200) 0.91
Platelet count (x 10*/pL) 204 (155-270) 201 (154-266) 242.5 (179.5-321) 0.01
Serum creatinine (mg/dL) 1.0 (0.8-1.3) 1.0 (0.8-1.3) 0.9 (0.9-1.4) 0.50
CRP (mg/dL) 233.5 (108.5-353.5) 238.5 (106.5-360.5) 203 (127.5-288.0) 0.22
Ferritin (pg/L) 698.5 (374-1473) 669 (368-1424) 1470 (729-1958) 0.01
Aspartate transaminase (U/L) 40 (26-64) 39 (25-63) 51.5 (36-82) 0.003
Lactate dehydrogenase (U/L) 362 (252-520) 353 (249-505) 459 (294-612) 0.03
p-dimer (ng/mL) 1,917 (820-5250) 818.5 (417-1460) 4,344 (1099-15,118) <0.001
INR 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.1 (1.0-1.3) 0.44
Elevated troponin 278 (45.3) 244 (44) 28 (59.6) 0.04
NT-proBNP (pg/mL) 341 (96-1323) 341 (96-1323) 333 (117-1183) 0.84

Data shown as median (interquartile range) or, for the frequency of elevated troponin, count (%)

CRP C-reactive protein, INR international normalized ratio, NT-proBNP N-terminal pro-B-type natriuretic peptide

15000

Pulmonary Embolism
No Pulmonary Embolism

p trend < 0.001

10000
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Admission Day 2 Peak Discharge
In-hospital stay

Fig. 1 Concentrations of p-dimer at different time points throughout
the hospitalization for COVID-19 in patients without or with pulmo-
nary embolism

lactate dehydrogenase and N-terminal pro-B-type natriuretic
peptide (NT-proBNP); troponin levels were also more often
above the upper normal limit in the PE group as compared
with the one without PE. Among coagulation parameters,
median pD-dimer level on admission was fivefold higher in
patients who suffered from PE than in those who did not;
platelet count was also higher, while INR values were
comparable (Table 2). Day 2 and peak concentrations of
D-dimer were also higher in subjects with than without PE
(3243 ng/mL vs. 1030 ng/mL and 5849 ng/mL vs. 1690 ng/
mL, respectively; p <0.001 for both comparisons). The tem-
poral trend of p-dimer levels is displayed in Fig. 1.

The dataset contained RV echocardiographic parameters
for 10-37% of the patients. With this limitation, RV dilation

and dysfunction were more common in subjects with than
without PE (Supplemental Table 2).

Compared with patients without PE, those with PE were
more commonly treated with darunavir/ritonavir and tocili-
zumab (Table 3). The PE group was also characterized by a
more frequent need of non-invasive and invasive ventilation
(Table 3). Consistently, the rate of acute respiratory distress
syndrome (ARDS) was more frequent in patients experienc-
ing PE (Fig. 2).

Sepsis, multiorgan failure, acute kidney insufficiency and
major bleeding (requiring transfusion) occurred more com-
monly in subjects with than without PE (Fig. 2). Other CV
events were overall less frequent and with no significant rate
differences between the two groups with the exception of
stroke, which however occurred in a few subjects (Fig. 2).

During the study follow-up, 164 patients died (23.8% of
total). A trend towards higher mortality was observed for
patients who developed PE as compared with those who did
not (34.6% vs. 22.9%, p=0.06) (Fig. 2).

There were differences between patients in Lombardy
and those in other regions of Italy in gender distribution,
prevalence of coronary artery disease and chronic obstruc-
tive pulmonary disease, laboratory parameters on admission
and treatments for COVID-19 (Supplemental Tables 3-5).
Nonetheless, the rates of PE (8% vs. 6.1%, p=0.41) and
death (23.7% vs. 24.2%, p=0.88) were similar.

Anticoagulant therapy in patients with pulmonary
embolism

Data about the timing and type of anticoagulant therapy

were available for 48 of 52 (92.3%) subjects with PE. Of
them, 16 (33.3%) were not on anticoagulant when PE was
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Table 3 Treatment received

. All (n=689) No PE (n=637) PE (n=52) p value

for COVID-19 in the study

population, stratified by Medical therapy

occurmence of pulmonary Lopivanir/ritonavir 184 (26.9) 169 (26.7) 15 (29.4) 0.67
Darunavir/ritonavir 168 (24.6) 148 (23.4) 20 (39.2) 0.01
Remdesivir 5(0.7) 4 (0.6) 12.0) 0.28
Corticosteroid 341 (49.9) 310 (49.0) 31 (60.8) 0.10
Tocilizumab 79 (11.5) 64 (10.1) 15 (29.4) <0.001
Hydroxychloroquine 574 (83.9) 527 (83.3) 47 (92.2) 0.10

Ventilation support

Oxygen with FiO,>50% 375 (55.7) 338 (54.3) 37 (74) 0.007
Non-invasive ventilation 298 (43.6) 264 (41.8) 34 (65.4) <0.001
Intubation 108 (15.8) 88 (13.9) 20 (38.5) <0.001

Data are shown as count (%)

Note that oxygen was given with a FiO, >50% to both non-ventilated and ventilated patients

sc subcutaneous, iv intravenous, FiO, fraction of inspired oxygen

100% -
90% |
80%
70%
60% | <0001

50% -

£=0.06

34,6%

p<0.001

40% - 37,2%

y:

30%
20%

10%

o Death ARI ARDS Sepsis MOF

MB Mi HF VA Stroke

m No pulmonary embolism i Pumonary embalism

Fig.2 Rates of all-cause in-hospital mortality and complications,
stratified by occurrence of pulmonary embolism. AR/ acute renal
insufficiency, ARDS acute respiratory distress syndrome, MOF mul-

diagnosed. Conversely, 30 (62.5%) were treated with low-
molecular-weight heparin (LMWH; 15 on a prophylactic
dose, 14 on an intermediate or therapeutic dose, and 1 with
dosage unknown), 1 (2.1%) with unfractionated heparin (at
therapeutic dose) and 1 (2.1%) with a direct oral anticoagu-
lant. It was not possible to understand whether anticoagula-
tion before PE was part of the treatment strategy for COVID-
19 or was due to other reasons. The patient on direct oral
anticoagulant had a history of VTE. Seven subjects had prior
or current cancer, and five were given thromboprophylaxis.

Correlates of pulmonary embolism
In univariate Cox regression analysis, BMI, troponin eleva-

tion and p-dimer concentration on admission were positively
associated with PE, and oxygen saturation was negatively

@ Springer

tiorgan failure, MB major bleeding (requiring transfusion), MI myo-
cardial infarction, VA ventricular arrhythmia

correlated (Table 4). A significant, although numerically
trivial, positive association was also found for platelet
count and ferritin. In the multivariable-adjusted model, only
D-dimer remained significantly associated with PE (HR 1.72,
95% CI1.13-2.62; p=0.01) (Table 4).

The risk of PE was also increased when peak p-dimer
concentration was included in the model in place of base-
line p-dimer level (univariate HR 1.78, 95% CI 1.43-2.2,
p <0.001; multivariate HR 1.57, 95% CI 1.01-2.44;
p=0.05) (Supplemental Table 6).

Performing backward selection (not shown) or exclud-
ing the patients still hospitalized at the end of the follow-up
(Supplemental Table 7) did not change the results of the
regression analysis.

The association between both baseline and peak p-dimer
and the incidence of PE was linear, without an inflection
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Table 4 Correlate.s Of, Univariate Multivariate

pulmonary embolism in the

study population HR (95% CI) p value HR (95% CI) p value
Age 0.99 (0.97-1.01) 0.19 - -
BMI 1.06 (1.02-1.10) 0.006 - -
Heart failure 0.32 (0.08-1.33) 0.12 - -
Atrial fibrillation 0.43 (0.13-1.39) 0.16 - -
Chronic kidney disease 0.45 (0.16-1.25) 0.12 - -
Prior anticoagulant 1.83 (0.94-3.57) 0.08 - -
Oxygen saturation 0.95 (0.93-0.98) 0.001 - -
White blood cell count 1.00 (0.99-1.00) 0.06 - -
Platelet count 1.00 (1.00-1.01) 0.03 - -
Ferritin 1.00 (1.00-1.01) <0.001 - -
Aspartate transaminase 1.00 (0.99-1.00) 0.16 - -
Lactate dehydrogenase 1.00 (0.99-1.00) 0.24 - -
Elevated troponin 2.20 (1.22-3.95) 0.008 - -
p-dimer on admission 2.04 (1.57-2.66) <0.001 1.72 (1.13-2.62) 0.01
BM1I body mass index

el j | =

468

——

2

p for non linearity = 0.37
overall p < 0.001

Incident Rate Pulmonary Embolism, 1000 pm

T T T T T T

5 6 0 8 9 10
log Admission D-dimer

2

overall p < 0.001

Incident Rate Pulmonary Embolism, 1000 pm

T T T

© -

8
log Peak D-dimer

Fig.3 Correlation between admission (left panel) and peak (right panel) p-dimer concentrations and incidence rate of pulmonary embolism. The
incidence rate is calculated per 1000 patients-month (pm). The log-transformed value corresponding to the 500 ng/mL cut-off is 6.21

point indicating a cut-off for higher risk (Fig. 3). Never-
theless, among the patients who developed PE, the con-
centration of p-dimer was < 500 ng/mL only in 2 (3.8%) on
admission and in none at peak. Of the subjects with PE, 48
(92.3%) were > 50 year-old; among them, 46 (95.8%) and
47 (97.9%) had p-dimer values on admission and at peak,
respectively, above the age-adjusted threshold.

Discussion

The main findings of this study are that PE is part of the
spectrum of clinical manifestations of hospitalized COVID-
19 and that p-dimer concentration is the strongest correlate
of this event.

Other authors have already reported a remarkable inci-
dence of PE in patients hospitalized for COVID-19 [15].
Most articles published so far have described subjects
admitted to ICU, in whom the rate of PE was about 20%
[7,9, 10]. In 184 consecutive individuals managed in three
ICU in the Netherlands, the frequency of PE was 35% [8].
In general, PE diagnosis in these series was more common
than in historical cohorts of non-COVID-19 bacterial or
viral acute respiratory distress syndrome, indicating that
SARS-CoV-2 infection confers a specific risk of PE [7, 9].
Nonetheless, ICU patients have additional factors predis-
posing to VTE, such as prolonged immobilization, cen-
tral venous catheters and superimposed sepsis, which may
be absent in the general COVID-19 population. Indeed,
according to the current evidence the frequency of PE in
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COVID-19 patients hospitalized in the general wards is
much lower than in ICU, approximately 2-3% [11, 12].

The patients we examined were heterogeneous with
respect to the severity of COVID-19 and received variable
therapies. Around half had an increased respiratory rate
on admission, was given antiviral drugs or corticosteroids
and needed non-invasive ventilation, while 15% were intu-
bated. However, they were managed by cardiologists and,
thus, they likely represent a population with a more com-
plex clinical profile than the one generally hospitalized for
COVID-19. It is reasonable that we found a rate of PE of
7%, intermediate between those described in ICU and in
general wards patients, because of these characteristics.
Indeed, in a very recent analysis of a French COVID-19
cohort in which the use of invasive ventilation was around
9%, the frequency of PE was 8.3% [13].

Thus, the present work integrates the existing literature
on PE in COVID-19, by providing an estimate of the rate
of PE in hospitalized COVID-19 at large. It is notable,
however, that features of worse COVID-19, including
the rates of non-CV complications, were more common
among subjects with PE.

One in five patients included in this study had PE on
admission, in good agreement with the reported preva-
lence of PE on CTPA performed for COVID-19 at the
emergency department [16]. The remaining cases of PE
occurred throughout the hospitalization for COVID-19,
again consistently with other investigations [7-9, 11].
Therefore, physicians should be vigilant towards the devel-
opment of PE in hospitalized COVID-19 from admission
to discharge. It remains to be determined whether the risk
of PE is heightened also after discharge and until when.

We found that two thirds of the subjects with PE were
treated with anticoagulants, mainly LMWH at various
doses, before the diagnosis of PE. We could not determine
whether this thromboprophylaxis was at least partially
motivated by pre-existing risk factors for VTE, such as
cancer. Indeed, oral anticoagulant therapy prior to admis-
sion tended to be more frequent in patients who then suf-
fered from PE, indicating the presence of a pro-thrombotic
condition. While acknowledging that this is a speculation
and that the dataset analyzed here is not proper to verify
it, the question arises of whether individual predisposi-
tion cooperates with SARS-CoV-2-induced inflammation
and endotheliopathy in causing VTE in COVID-19. Along
these lines, it is notable that thromboelastographic hyper-
coagulability on admission was associated with higher
thrombosis rates in critically ill COVID-19 patients,
despite standard drug prophylaxis [17]. It should be also
taken into account that therapies for COVID-19, such
as ritonavir, tocilizumab, and hydroxychloroquine, may
modulate the risk of VTE, both directly, via their effects
on platelets, and indirectly, through their effects on the
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inflammatory system and pharmacokinetic interactions
with antithrombotic medications [18].

In the absence of a clear contraindication, anticoagulant
thromboprophylaxis with LMWH or, secondarily, fonda-
parinux is now recommended during hospitalization for
COVID-19 [19, 20]. However, PE appears to complicate
COVID-19 in spite of such an approach, and full-dose anti-
coagulation has been related to improved survival at least in
some patient subsets [21]. On the other side, intermediate- or
therapeutic-dose anticoagulation exposes to a higher risk of
bleeding, which may be also compounded by COVID-19
coagulopathy. In this regard, it is noteworthy that, in our
analysis, major bleeding episodes were also three times more
frequent in subjects with PE. Interestingly, hemorrhagic
complications have been reported to be more common in
COVID-19 than non-COVID-19 ARDS [9]. While await-
ing for a better understanding of the coagulation derange-
ment and the impact of non-conventional strategies for VTE
prevention, administration of more than standard doses of
anticoagulant for thromboprophylaxis should be probably
reserved to selected cases of COVID-19 [20]. The impact
of PE on COVID-19 prognosis is still unclear, with some
authors reporting an association with mortality and oth-
ers not [22]. We observed a trend for increased in-hospital
mortality in patients with PE. It can be postulate that the
consequences of PE in COVID-19 vary depending on the
location of the clots in the pulmonary circulation and on the
extent of concomitant pneumonia. Unfortunately, this type
of information was not available in the dataset we evaluated,
nor was it given in most other studies.

An increase in D-dimer concentrations is the most com-
mon laboratory abnormality in COVID-19 coagulopathy
and reflects the activation of the coagulation cascade [23,
24]. In this analysis, b-dimer levels were fivefold higher on
admission in patients with than without PE and remained
substantially higher in the former than in the latter ones until
discharge, when they decreased to values similar to those
of the no-PE group. The same trend has been described by
other authors [25] and has been attributed to ongoing throm-
bosis and inflammation, which eventually fade in survivors.
Therefore, we argue that b-dimer was associated with PE
because it is a sensitive marker of the thrombotic activation,
linked to inflammation (so-called thromboinflammation),
which characterizes COVID-19. Other investigators have
demonstrated that b-dimer tracks with COVID-19 severity
and predicts mortality [4].

In the majority of the patients evaluated here, baseline
and peak p-dimer concentrations were above both the gen-
eral and the age-adjusted thresholds advised by the guide-
lines on PE [26]. However, these cut-offs allow excluding
PE when it is clinically unlikely or with low to intermediate
probability, while PE in our cohort was always suspected
clinically and then documented by CTPA. The meaning of
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D-dimer measurement in the diagnosis of PE in COVID-19
still needs to be clarified, as well as the role of other imag-
ing techniques. Detection of RV dilation and dysfunction by
transthoracic echocardiography [27] and of lower limb vein
thrombosis by Doppler ultrasonography [28] may be help-
ful. Moreover, echography can be performed at the bedside,
avoiding patient mobilization and minimizing the exposure
of the healthcare personnel to SARS-CoV-2.

The major limitations of this work are those intrinsic of
a retrospective analysis. Nonetheless, prospective studies
were barely feasible during the SARS-CoV-2 outbreak and
retrospective data are anyway informative, being COVID-
19 a completely new disease. The lack of details about PE
predisposing factors and site, as well as about the treatments
of comorbidities, is another shortcoming, as already men-
tioned. The frequency of PE is probably underestimated by
this study as only clinically relevant episodes leading to fur-
ther diagnostic assessment were collected and the attention
towards PE in COVID-19 was low in the initial phase of the
outbreak in Italy. The rate of PE could have been higher if it
had been systematically searched. Lastly, we could not inves-
tigate the incidence and correlates of deep venous throm-
bosis, which also seems to be common in COVID-19 [26].

Finally, the results presented here concern hospitalized
COVID-19 patients and may be not valid for ambulatory
ones, even though PE may be relevant in them too. In fact,
PE may have accounted for a large proportion of unexpected
out-of-hospital deaths during the COVID-19 pandemic [29].

In conclusion, PE occurred at a rate of 7% in a heteroge-
neous cohort of COVID-19 patients hospitalized in Cardi-
ology Units in Italy, and p-dimer was the only correlate of
this event. Efforts are needed to further characterize PE in
COVID-19, with the ultimate goal of improving its preven-
tion and management.
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