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Coagulopathy is common in patients with the novel coronavi-
rus disease 2019 (COVID-19) and can lead to arterial and
venous thromboembolic complications.1,2 Initial reports
have shown a high risk of venous thromboembolism (VTE),
particularly pulmonaryembolism (PE) inhospitalizedpatients
with severe COVID-19. However, a relatively small total num-
ber of patients in individual seriesmade it unfeasible to clearly
understandpatientcharacteristics andearlyoutcomesof these
patients.3–7 There is a paucity of information related to the
presenting characteristics, use and type of VTE prophylaxis
prior to thrombotic events, treatment patterns after VTE
diagnosis, and outcomes of patients requiring hospitalization
withCOVID-19whodevelopedVTEduringhospital admission.

The Registro Informatizado de la Enfermedad TromboEm-
bólica (RIETE) registry is an ongoing, multicenter, interna-
tional, prospective registry of consecutive patients with
symptomatic, objectively confirmed, acute VTE.8–10 Since
March 25, 2020, the Steering Committee of RIETE agreed
to prospectively incorporate new data elements related to
patients with COVID-19. This study describes the demo-
graphics, baseline comorbidities, VTE prophylaxis patterns,
initial treatment strategies, and 10-day outcomes of the first
455 patients in RIETE who were diagnosed with acute VTE
during the course of hospitalization for COVID-19.

Methods

Study Design
For this study, we used the data from the RIETE registry,
which prospectively collects information on patients with

confirmed acute VTE (ClinicalTrials.gov identifier:
NCT02832245). Previous publications have described the
design and conduct of the RIETE registry.11 All patients or
their health care proxies providedwritten or oral consent for
participation in the registry in accordance with local ethics
committee requirements.

The goal of this study was not to assess the comparative
effectiveness of prophylactic anticoagulation before diagno-
sis of VTE or comparative effectives of treatment strategies
after the diagnosis of VTE, but to determine the patient
characteristics, treatment patterns, and outcomes, according
to the routine practice across the study sites. Although RIETE
currently includes patients of 222 centers from 24 countries
in Asia, Europe, and the Americas, the current study only
analyzed data from 56 European hospitals in Spain, France,
Italy, Ireland, and Switzerland.

Patient Selection
The RIETE investigators enroll consecutive patients with
objectively confirmed deep vein thrombosis (DVT) (positive
lower limb venous compression ultrasonography [CUS]) or
PE (typically high probability ventilation-perfusion [VQ]
scintigraphy, or positive contrast-enhanced, PE-protocol,
helical chest computed tomography [CT]). Only those
patients who were diagnosed with acute VTE during hospi-
talization for COVID-19 (confirmed by positive reverse-tran-
scription polymerase chain reaction testing in a
nasopharyngeal sample) between March 25 and May 3,
2020 were included in the current manuscript. Patients
diagnosed with VTE prior to hospitalization for COVID-19
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Abstract Venous thromboembolism (VTE) is common in patients with coronavirus disease-2019
(COVID-19). However, limited data exist on patient characteristics, treatments, and
outcomes. To describe the clinical characteristics, treatment patterns, and short-term
outcomes of patients diagnosed with VTE during hospitalization for COVID-19. This is a
prospective multinational study of patients with incident VTE during the course of
hospitalization for COVID-19. Data were obtained from the Registro Informatizado de la
Enfermedad TromboEmbólica (RIETE) registry. All-cause mortality, VTE recurrences, and
major bleeding during the first 10 dayswere separately investigated for patients in hospital
wards versus those in intensive care units (ICUs). As ofMay 03, 2020, a total number of 455
patients were diagnosed with VTE (83% pulmonary embolism, 17% isolated deep vein
thrombosis) during theirhospital stay; 71%weremale, themedianagewas65 (interquartile
range, 55–74) years. Most patients (68%) were hospitalized in medical wards, and 145 in
ICUs. Three hundred and seventeen (88%; 95% confidence interval [CI]: 84–91%) patients
were receiving thromboprophylaxis at the time of VTE diagnosis. Most patients (88%)
received therapeutic low-molecular-weight heparin, and 15 (3.6%) received reperfusion
therapies. Among 420 patients with complete 10-day follow-up, 51 (12%; 95%CI: 9.3–15%)
died, nopatient recurred, and12 (2.9%; 95%CI: 1.6–4.8%) experiencedmajor bleeding. The
10-daymortality ratewas9.1% (95%CI: 6.1–13%) amongpatients inhospitalwards and19%
(95% CI: 13–26%) among those in ICUs. This study provides characteristics and early
outcomes of patients diagnosed with acute VTE during hospitalization for COVID-19.
Additional studies are needed to identify the optimal strategies to prevent VTE and to
mitigate adverse outcomes associated.
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and those who developed VTE after hospital discharge were
not included in this analysis.

Data Elements
Patients enrolled in RIETEhad data collected fromaround the
time of VTE diagnosis that included but were not limited to:
age; gender; body weight; presence of coexisting conditions
such as chronic heart or lung disease; recent (< 30 days prior
to VTE) major bleeding; presence of risk factors for PE
including active cancer (defined as newly diagnosed cancer
or cancer undergoing treatment [i.e., surgery, chemotherapy,
radiotherapy, hormonal, or support therapy]), recent immo-
bility (defined as nonsurgical patients assigned to bed rest
with bathroom privileges for � 4 days in the 2 months prior
to VTE diagnosis), surgery (defined as those who had under-
gone major surgery in the 2 months prior to VTE); clinical
signs and symptoms on admission, including heart rate,
systolic blood pressure, and arterial oxyhemoglobin satura-
tion; use of pharmacological thromboprophylaxis; and lab-
oratory results at hospital admission that included
hemoglobin, serum creatinine, along with leukocyte, lym-
phocyte, and platelet counts. SinceMarch 25, 2020, the RIETE
platform added specific variables related to COVID-19 (date
of diagnosis, specific blood tests, and investigational thera-
pies for COVID-19).

Outcomes
Investigators monitored clinical outcomes until May 13,
2020, the final date of follow-up for this study. This study
used all-cause mortality through 10 days after VTE diagnosis
as the primary endpoint, and 10-day recurrent VTE and
major bleeding as secondary endpoints. The RIETE investi-
gators used medical record review to assess vital status.
Typically, RIETE investigators defined (1) recurrent DVT as a
new noncompressible vein segment, or an increase of the
vein diameter by at least 4mm compared with the last
available measurement on venous ultrasonography;12 (2)
recurrent PE as a new ventilation–perfusion mismatch on
lung scan or a new intraluminal filling defect on spiral CT of
the chest13; and (3) major bleeding episodes as those that
required a transfusion of at least 2 units of blood, were
retroperitoneal, spinal, intracranial, intrathecal, intraocular,
or intrapericardial, or were fatal.14

Statistical Analysis
The study reported categorical data as proportions and
continuous data as mean� standard error or median
(first–third interquartile range; IQR). We compared demo-
graphics, baseline comorbidities, presenting clinical tests,
treatment patterns, and outcomes according to patients’
disposition status: hospitalized in a medical ward or an
intensive care unit (ICU). We used unpaired two-tailed t-
tests or the Mann–Whitney U test (for those variables found
not to follow a normal distribution) for comparisons in the
distributions of continuous variables between medical ward
and ICU patients, and chi-squared or Fisher’s exact tests to
compare the categorical data between the two groups. We
used a Kaplan–Meier plot for survival data. We conducted

statistical analyses with the use of SPSS (IBM SPSS Statistics
for Windows, Version 25.0., IBM Corp.).

Results

We included a total of 455 hospitalized patients with COVID-
19 who developed VTE during hospital stay. Of these, 379
(83%) had acute PE (with or without coexisting DVT), while
76 (17%) had isolated DVT (i.e., without coexisting symptom-
atic PE) (►Fig. 1). Of the patients with PE, 351 had a positive
CT scan for PE, 23 had a high-probability VQ lung scan, and
five were diagnosed through a pulmonary angiogram. All
DVTswere documented by CUS. At the time of VTE diagnosis,
most patients (n¼ 310; 68%; 95% confidence interval [CI]:
64–72%) were hospitalized in medical wards, and 145 in
ICUs.

►Table 1 summarizes the baseline characteristics. Over-
all, the median age was 65 years (IQR: 55–74; range: 25–99
years), and 71% were male. The most common comorbidities
were hypertension (190; 42%), diabetes (93; 20%), and
chronic lung disease (including asthma, chronic obstructive
pulmonary disease, fibrosis, and bronchiectasis) (44; 9.7%).
Most patients (78%) had recent immobilization, 4.4% had
active cancer, and 18% had no identifiable risk factor other
than acute COVID-19. Patients with VTE who were admitted
to the ICU were younger (61� 12 vs. 65� 14 years;
p¼ 0.011), were more likely to be men (81 vs. 67%; absolute
difference [AD]: 14%; 95% CI: 5.2–22%), and current smokers
(8.3 vs. 2.6%; AD: 5.7%; 95% CI: 1.5–12%), but less likely to
have acute PE (76 vs. 87%; AD: 11%; 95% CI: 3.4–19%),
compared with those who were admitted to the ward.
Anemia (74 vs. 46%; AD: 28%; 95% CI: 19–37%), neutrophilia
(53 vs. 34%; AD: 19%; 95% CI: 8.9–29%), lymphopenia (51 vs.
42%; AD: 9.3%; 95% CI: 1.2–20%), and abnormal prothrombin
time (36 vs. 23%; AD: 13%; 95% CI: 3.0–22%) were more
common in patients who were admitted to the ICU.

Information on the use of VTE prophylaxis prior to index
VTE eventswas available in 360 (79%) patients. At the time of
VTE diagnosis, 317 (88%) patients were receiving pharmaco-
logical prophylaxis: 203 (64%) were receiving standard-dose
low-molecular-weight heparin (LMWH; e.g., enoxaparin
40mg once daily [od], dalteparin 5,000 IU od), 79 (25%)
had received intermediate-dose LMWH, and 24 (7.8%) had
received therapeutic-dose LMWH (e.g., enoxaparin 1.5 -
mg/kg od) (►Table 1). The median duration of prophylaxis
prior to VTE diagnosiswas 10 days (IQR: 6–15 days) (►Fig. 2).
Of the patients who were admitted to the ICU, 96% were
receiving pharmacological thromboprophylaxis, compared
with 84% of those who were admitted to the ward (AD: 12%;
95% CI: 5.3–18%).

VTE Presentation and Initial Treatment
The median time from admission for COVID-19 to VTE
diagnosis was 10 days (IQR: 5–16 days), and the median
time from VTE to discharge was 9 days (IQR: 5–14
days). ►Table 2 describes the patients’ features at the time
of VTE diagnosis. Among 379 patients with PE, 18% were
tachycardic (heart rate> 110/min) and 20% had a systolic
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blood pressure< 100mm Hg or were using vasopressors.
Sixty-seven percent of patients had PEs limited to segmental
and/or subsegmental arteries. Echocardiographic data were
obtained in 97 patients; 36% had pulmonary artery pressure
levels> 40mm Hg, 17% had tricuspid annular plane systolic
excursion (TAPSE) � 16mm, and 33% had right ventricular
dysfunction. In patients with PE, those in the ICU were more
likely to have hypotension (i.e., systolic blood pres-
sure< 100mm Hg or using vasopressors) (49 vs. 9.7%; AD:
40%; 95% CI: 30–49%) or tachycardia (28 vs. 15%; AD: 13%;
95% CI: 4.2–23%).

After the diagnosis of acute symptomatic VTE, 99.8% of
patients (all but one) were started on full-dose anticoagula-
tion. Most patients (367; 88%) received weight-adjusted
LMWH, while 27 (6.4%) received unfractionated heparin
(UFH). Overall, 15 (3.6%) patients received reperfusion ther-
apies (thrombolysis: 11; percutaneous thrombectomy: 1,
surgical thrombectomy: 3), 6 underwent extracorporeal
membrane oxygenation (ECMO), and an inferior vena cava
filter was inserted in 8 (1.9%). Patients admitted to an ICU
were more likely to receive UFH, thrombolytic therapy,
vasopressors, or ECMO than those admitted to the medical
ward (►Table 3).

Outcomes
Outcomeswere available in 420 patients who had completed
the 10 days follow-up or had died by the end of day 10. Fifty-
one patients (12%; 95% CI: 9.3–15%) died, 12 patients (2.9%;
95% CI: 1.6–4.8%) experienced amajor bleeding event (retro-

peritoneal 4, intracranial 3, gastrointestinal 3, urinary 1,
hematoma 1), and none (0%; 95% CI: 0–1.0%) had recurrent
VTE (►Table 4).

For patients who were discharged alive, the overall medi-
an time from COVID-19 diagnosis to hospital discharge was
20 (IQR: 15–25) days. The median number of days from VTE
diagnosis to hospital discharge in these patients was 9 (IQR:
5–14) days. The percentage of patients who died was higher
among those patients older than 70 years (►Fig. 3). Among
patients with PE, 45 (13%; 95% CI: 9.7–17%) died, compared
with 6 (8.3%; 95% CI: 3.4–17%) among those with DVT (AD:
3.3%; 95% CI: �7.3–10%). Only one of the 72 patients initially
presenting with isolated DVT bled. Patients admitted to the
ICU had significantly higher rates of all-cause mortality (19
vs. 9.1%; AD: 9.6%; 95% CI: 2.6–19%) and major bleeding (6.7
vs. 0.9%; AD: 5.7%; 95% CI: 2.0–12%) than those admitted to
the ward (►Fig. 4).

Discussion

Thisstudyrepresentsa largemultinational seriesofhospitalized
patients with COVID-19 who developed VTE during hospital
admission. Among these patients, nearly 75% were men over
60yearsofageandmostlypresentedwithacutePE.Eighty-eight
percentwerereceivingpharmacological thromboprophylaxisat
the time of VTE diagnosis and 12% died during thefirst 10 days
after diagnosis and initiation of therapy.

The population of patients in this study consisted mostly
of aged men and comorbidities were similar to those

Fig. 1 Study flow chart. COVID-19, coronavirus disease-2019; DVT, deep vein thrombosis; ICU, intensive care unit; PE, pulmonary embolism;
VTE, venous thromboembolism.
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Table 1 Baseline characteristics and use of pharmacological prophylaxis, according to patients’ disposition status

All Ward Intensive
care unit

Difference
(95% CI)

Patients, N 455 310 145

Clinical characteristics

Male gender 324 (71%) 207 (67%) 117 (81%) 14 (5.0–23)

Age, y (mean� SD) 64� 14 65� 14 61� 12 3.5 (0.8–6.1)

Body weight, kg (mean� SD) 80� 16 78� 14 85� 18 6.8 (3.6–10)

Initial VTE presentation

Isolated PE 316 (69%) 231 (75%) 85 (59%) 15.9 (6.89–24.9)

PE and DVT concomitantly 63 (14%) 38 (12%) 25 (17%) 4.98 (1.85–11.8)

Isolated DVT 76 (17%) 41 (13%) 35 (24%) 10.9 (3.59–18.2)

Concomitant disorders

Chronic lung disease 44 (9.7%) 33 (11%) 11 (7.6%) 3.1 (�2.8–8.9)

Recent (<30 d) major bleeding 13 (2.9%) 10 (3.2%) 3 (2.1%) 1.2 (�2.1–4.5)

Diabetes 93 (20%) 57 (18%) 36 (25%) 6.4 (1.5–14)

Arterial hypertension 190 (42%) 125 (40%) 65 (45%) 4.5 (5.3–14)

Current smoking 20 (4.4%) 8 (2.6%) 12 (8.3%) 5.7 (1.7–9.7)

Coronary heart disease 26 (5.7%) 19 (6.1%) 7 (4.8%) 1.3 (�3.3–5.9)

Risk factors for VTE

Recent immobility 354 (78%) 233 (75%) 121 (83%) 8.3 (0.1–17)

Recent surgery 9 (2.0%) 7 (2.3%) 2 (1.4%) 0.9 (�1.9–3.6)

Active cancer 20 (4.4%) 17 (5.5%) 3 (2.1%) 3.4 (�0.6–7.5)

Estrogen use 6 (1.3%) 5 (1.6%) 1 (0.7%) 0.9 (�1.3–3.2)

Pregnancy/postpartum 1 (0.2%) 1 (0.3%) 0 0.3 (�0.6–1.3)

History of VTE 17 (3.8%) 14 (4.5%) 3 (2.1%) 2.4 (�1.4–6.2)

None of the above 84 (18%) 62 (20%) 22 (15%) 4.8 (�2.9–13)

Laboratory findings

Anemia 251 (55%) 143 (46%) 108 (74%) 28 (19–38)

Leukocytosis (> 11� 109/L) 161 (36%) 95 (31%) 66 (46%) 16 (6.2–25)

Neutropenia (< 8� 109/L) 166 (40%) 96 (34%) 70 (53%) 19 (9.0–29)

Lymphopenia (< 1.0� 109/L) 177 (45%) 113 (42%) 64 (51%) 9.4 (1.2–20)

Thrombocytopenia (< 100� 109/L) 8 (1.8%) 5 (1.6%) 3 (2.1%) 0.5 (2.2–3.2)

Elevated D-dimer (> 10.0 mcg/mL) 74 (23%) 52 (23%) 22 (22%) 1.2 (�8.7–11)

Prolonged PT (INR> 1.2) (N¼ 397) 108 (27%) 64 (23%) 44 (36%) 12 (3.0–22)

CrCl levels (<60 mL/min) 80 (18%) 49 (16%) 31 (21%) 5.6 (2.0–13)

VTE prophylaxis (N¼ 360) 360 238 122

Yes 317 (88%) 200 (84%) 117 (96%) 12 (4.9–19)

Duration, d (median, IQR) 10 (6–15) 10 (6–15) 10 (6–16) 0.7 (�1.4–2.9)

Standard LMWH doses 203 (64%) 135 (67%) 68 (56%) 9.4 (1.5–20)

Intermediate LMWH doses 79 (25%) 41 (21%) 38 (32%) 12 (2.1–22)

Full therapeutic LMWH doses 24 (7.8%) 14 (7.0%) 10 (8.2%) 1.6 (4.3–8.6)

Other anticoagulants 11 (3.5%) 10 (5.0%) 1 (0.8%) 4.2 (0.3–8.2)

Abbreviations: CI, confidence interval; CrCl, creatinine clearance; DVT, deep vein thrombosis; IQR, interquartile range; LMWH, low-molecular-weight
heparin; PE, pulmonary embolism; PT, prothrombin time; SD, standard deviation; VTE, venous thromboembolism.
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reported in other studies.14–17 Besides COVID-19 itself, im-
mobilization was the most frequent predisposing risk factor
for acute VTE among these patients.18 In this study, 32% VTE
events were noted during the ICU stay. Although a direct
breakdown of VTE in ICUs versus medical wards is not yet
available from other large VTE series, prior studies of
patients hospitalized with COVID-19 have reported variable
rates of VTE, with higher incidence rates in the ICU.13,19,20

In our study, pharmacological thromboprophylaxis was
used systematicallyamongmost patientswithCOVID-19prior
to thedevelopmentofVTE. Further, one-third of thesepatients
receivedhigher thanusualprophylacticdoses.Amongpatients
hospitalized for COVID-19, some of the existing studies have
indicatedanunusuallyhigh incidenceofVTE,despite theuseof
VTE prophylaxis.3,21 A study from the Netherlands included
198 patients with COVID-19, 74 (37%) of whom were in the
ICU.6 Standard or substandard LMWH was routinely used for
VTE prophylaxis for study participants. After a median obser-
vation time of 5 days, 33 patients (17%) were diagnosed with
PE or DVT. In our study, the fact that 88% of patients with VTE
had received prophylactic anticoagulation suggests that
COVID-19 may be a prothrombotic disease and that standard
prophylactic dosing may not suffice to overcome the pro-
thrombotic milieu. However, the optimal regimen in the
prevention of VTE in COVID-19 remains unknown. Findings
from several ongoing randomized trials will be informative in
the near future (NCT04345848, NCT04344756, NCT04359277,
NCT04362085, NCT04367831, NCT04377997, NCT04394377,
and NCT04373707).

In accordance with previous studies, more than two-
thirds of patients in our series presented with PE, and 67%
of them involved isolated to distal (segmental and subseg-
mental) branches of pulmonary arteries, often without con-
current DVT.21,22 Therefore, some authors have
hypothesized that the observed pulmonary artery occlusions
could be local pulmonary thrombi in the setting of inflam-
matory response (immunothrombosis), rather than an em-
bolic phenomenon.23–25 This observation is compatible with
some postmortem descriptions of thrombotic microangiop-
athy,26 which is also observed in other organs. Whether
intervening earlier with anticoagulants before patients de-
velop acute respiratory distress syndrome would make a
difference or whether preventing the microvascular throm-
bosis will change outcomes remains to be determined.

All-cause mortality rates in this cohort were significantly
lower than those reported fromChina,27 but similar to others
in the United States.14,17 The exact reasons behind these
differences are unknown, but theymay be related to regional
differences in testing strategies, variable threshold for deci-
sion to hospitalize patients, and regional differences in
therapies offered for the management of COVID-19 and its
complications. Another reason could be that we only studied
10-day mortality, whereas reports of in-hospital mortality
fromother studiesmay have spanned a longermedianperiod
of time. In this regard, future longer term follow-up data
from our cohort will almost certainly indicate a higher case
fatality rate. The death rate was higher among those who
were older. The findings of higher mortality rates among ICU

Fig. 2 Graphical representation of use of VTE prophylaxis, timing of diagnosis, and 10-day outcomes. COVID-19: coronavirus disease 2019; DVT:
deep vein thrombosis; ICU: intensive care unit; PE: pulmonary embolism; VTE: venous thromboembolism
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patients are similar to other limited case series reports of
critically ill patients in the United States.27,28No recurrences
were reported in the first 10 days after diagnosis of VTE and
initiation of therapy. This may have been due to the short
period of time from diagnosis to the end of the study,
possible lack of enthusiasm from treating practitioners to
retest for VTE, or truly a lower event rate for recurrence in
patients with COVID-19. PE is difficult to recognize in
hospitalized COVID-19 patients, particularly in those who
are critically ill.6

This study has several limitations. First, since the RIETE
registry only enrolls patients with confirmed VTE, we could
not evaluate the incidence of VTE in patients who were
hospitalized for COVID-19. In the absence of systematic
screening or a standardized protocol for testing, patient
characteristics and outcomes may have been influenced by
discretionary decisions to test and diagnose VTE. Also,
emerging data indicate incidentally discovered, otherwise

unsuspected, PE in postmortem studies of patients with
COVID-19, including cases in which PE was the cause of
death.25,29However, despite this limitation, our sites includ-
ed both large referral hospitals and smaller community-
based hospitals in several countries, and reflect VTE diagno-
sis in routine practice, as well as treatment patterns and
patient outcomes. A second limitation is that in the absence
of an independent adjudication committee or autopsy, this
study cannot provide information on the specific contribu-
tion of VTE to the mortality rate that we observed among
patients who required hospitalization for COVID-19. Third,
subgroup descriptive statistics were unadjusted for potential
confounders. The goal of this study was not to identify the
predictors of mortality in patients with COVID-19, including
patients with COVID-19 who developed incident VTE. Rath-
er, we attempted to describe the patient characteristics, pre-
VTE prophylaxis pattern, treatment pattern, and short-term
outcomes in a large series of patients with COVID-19 who

Table 2 Clinical signs (A) and imaging test results (B)

All patients Ward Intensive
care unit

Difference
(95% CI)

A. Clinical signs

Pulmonary embolism, N 379 269 110

Vital signs

SBP levels< 90 mm Hg 16 (4.4%) 7 (2.6%) 9 (9.4%) 6.7 (2.0–12)

SBP levels< 100 mm Hg 40 (11%) 19 (7.2%) 21 (22%) 14.7 (7.49–21.9)

SBP levels< 100 mm Hg or vasopressors 55 (20%) 20 (9.7%) 35 (49%) 39.6 (29.8–49.4)

Sat O2 levels, % (mean� SD) 92� 7.4 92� 8.3 92� 5.3 0.8 (1.5–3.2)

Sat O2 levels< 90% 40 (24%) 29 (26%) 11 (19%) 6.59 (�7.10–20.3)

Heart rate, bpm (mean� SD) 91� 21 89� 18 97� 27 8.3 (3.3–13)

Heart rate> 110/min 62 (18%) 37 (15%) 25 (28%) 13.5 (4.21–22.7)

B. Imaging test results

Echocardiography, N 97 56 41

PAP levels, mm Hg (mean� SD) 40� 13 37� 9.8 45� 16 7.5 (2.5–18)

Right ventricle hypokinesis 27 (33%) 10 (21%) 17 (50%) 29 (8.3–49)

TAPSE, mm (mean� SD) 20� 4.9 22� 4.4 17� 4.8 4.4 (1.4–7.3)

TAPSE � 16 mm 8 (17%) 3 (9.4%) 5 (36%) 26 (2.63–50)

Burden of PE on CT scan, N 296 220 76

Main 5 (1.7%) 4 (1.8%) 1 (1.3%) 0.5 (�2.9–3.9)

Lobar 93 (31%) 69 (31%) 24 (32%) 0.2 (�11–13)

Segmental 149 (50%) 118 (54%) 31 (41%) 13 (�0.2–26)

Subsegmental 49 (17%) 29 (13%) 20 (26%) 13 (3.5–23)

Lower limb ultrasound testing 47 25 22

Concomitant DVT 19 (40%) 7 (28%) 12 (55%) 27 (1.9–55)

Deep vein thrombosis, N 76 41 35

Proximal DVT, lower limb 29 (38%) 8 (19%) 17 (49%) 29 (8.3–50)

Distal DVT, lower limb 36 (47%) 23 (56%) 13 (37%) 19 (�3.8–42)

Upper extremity DVT 11 (14%) 6 (15%) 5 (14%) 0.4 (�16–17)

Abbreviations: CT, computed tomography; DVT, deep vein thrombosis; IQR, interquartile range; PAP, pulmonary artery pressure; PE, pulmonary
embolism; SBP, systolic blood pressure; SD, standard deviation; TAPSE, tricuspid annular plane systolic excursion; VTE, venous thromboembolism.
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developed VTE. Separate studies are required to better
understand the magnitude of risk from VTE in patients
with COVID-19. Among patientswith COVID-19whodevelop
incident VTE, a separate RIETE investigation is being planned
—once a larger number of patients and longer follow-up are
accrued—to identify the predictors of all-cause mortality in
multivariable analysis. Finally, as stated earlier, it must be

clarified that the current study did not focus on the compar-
ative effectiveness of strategies for VTE prevention or treat-
ment. Results from ongoing randomized trials will be most
informative for that purpose.30

In conclusion, this study provides characteristics and
early outcomes of patients diagnosed with acute VTE during
hospitalization for COVID-19. Additional studies are needed

Table 3 Initial management of patients diagnosedwith acute VTE during hospitalization for COVID-19 (data were only available for
420 patients)

All patients Ward Intensive
care unit

Difference
(95% CI)

Patients, N 420 286 134

Low-molecular-weight heparin 367 (88%) 267 (93%) 100 (75%) 19 (12–25)

Unfractionated heparin 27 (6.4%) 4 (1.4%) 23 (17%) 16 (11–21)

Fondaparinux 6 (1.4%) 6 (2.1%) 0 2.1 (-0.4–4.6)

Direct oral anticoagulants 8 (1.9%) 8 (2.8%) 0 2.8 (-0.02–5.6)

Systemic thrombolysis 11 (2.6%) 1 (0.4%) 10 (7.5%) 7.2 (3.9–10)

Percutaneous embolectomy 1 (0.3%) 0 1 (0.9%) 0.9 (0.4–2.2)

Surgical embolectomy 3 (0.7%) 2 (0.7%) 1 (0.8%) 0.1 (�1.9–1.8)

Inferior vena cava filter 8 (1.9%) 3 (1.1%) 5 (3.8%) 2.8 (0.1–5.7)

Use of vasopressors 38 (12%) 3 (1.4%) 35 (33%) 31 (25–38)

ECMO 6 (1.8%) 0 6 (5.6%) 5.6 (2.5–8.6)

Abbreviations: CI, confidence intervals; ECMO, extracorporeal membrane oxygenation; VTE, venous thromboembolism.

Table 4 Outcomes among 420 patients diagnosed with acute VTE during hospitalization for COVID-19, according to initial VTE
presentation

All patients Ward Intensive
care unit

Difference
(95% CI)

Pulmonary embolism, N 348 247 101

VTE recurrences 0 0 0 –

Major bleeding 11 (3.2%) 3 (1.2%) 8 (7.9%) 6.7 (2.7–11)

Retroperitoneal 4 (1.1%) 1 (0.4%) 3 (3.0%) 2.6 (0.1–5.0)

Intracranial 3 (0.9%) 1 (0.4%) 2 (2.0%) 1.6 (0.6–3.7)

Gastrointestinal 2 (0.6%) 0 2 (2.0%) 2.0 (0.2–3.7)

Urinary 1 (0.3%) 1 (0.4%) 0 0.4 (-0.8–1.7)

Hematoma 1 (0.3%) 0 1 (1.0%) 1.0 (0.3–2.2)

Death 45 (13%) 22 (8.9%) 23 (23%) 14 (6.2–22)

Fatal PE 8 (2.3%) 3 (1.2%) 5 (5.0%) 3.7 (0.3–7.2)

Fatal bleeding 1 (0.3%) 0 1 (1.0%) 1.0 (0.3–2.2)

Sudden, unexpected 4 (1.1%) 2 (0.8%) 2 (2.0%) 1.2 (-3.7–1.3)

Deep vein thrombosis, N 72 39 33

VTE recurrences 0 0 0 –

Major bleeding 1 (1.4%) 0 1 (3.0%) 3.0 (2.5–8.6)

Death 6 (8.3%) 4 (10%) 2 (6.1%) 4.2 (�9.0–17)

Fatal PE 0 0 0 –

Fatal bleeding 0 0 0 –

Sudden, unexpected 0 0 0 –

Abbreviations: CI, confidence intervals; PE, pulmonary embolism; VTE, venous thromboembolism.
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Fig. 3 Survival status by 10-year age intervals.

Fig. 4 Cumulative incidence of mortality in patients diagnosed with acute VTE during hospitalization for COVID-19 according to the disposition
status: medical ward vs. ICU. COVID-19: coronavirus disease 2019; ICU: intensive care unit; VTE: venous thromboembolism
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to identify the optimal strategies for VTE prevention and
diagnosis, and to mitigate the outcomes once VTE occurs.
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