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A B S T R A C T   

While the incidence of thrombotic complications in critically ill patients is very high, in patients under non- 
invasive respiratory support (NIS) is still unknown. The specific incidence of thrombotic events in each of the 
clinical scenarios within the broad spectrum of severity of COVID-19, is not clearly established, and this has not 
allowed the implementation of thromboprophylaxis or anticoagulation for routine care in COVID-19. Patients 
admitted in a semi-critical unit treated initially with NIS, especially Continuous-Positive Airway Pressure (CPAP), 
were included in the study. The cumulative incidence of pulmonary embolism was analyzed and compared 
between patients with good response to NIS and patients with clinical deterioration that required orotracheal 
intubation. 93 patients were included and 16% required mechanical ventilation (MV) after the NIS. The crude 
cumulative incidence of the PE was 14% (95%, CI 8–22) for all group. In patients that required orotracheal 
intubation and MV, the cumulative incidence was significantly higher [33% (95%, CI 16–58)] compared to 
patients that continued with non-invasive support [11% (CI 5–18)] (Log-Rank, p = 0.013). Patients that required 
mechanical ventilation were at higher risk of PE for a HR of 4.3 (95%CI 1.2–16). In conclusion, cumulative 
incidence of PE is remarkably higher in critically patients with a potential impact in COVID-19 evolution. In this 
context, patients under NIS are a very high-risk group for developing PE without a clear strategy regarding 
thromboprophylaxis.   

1. Introduction 

Several reports have shown that acute respiratory distress syndrome 
(ARDS) is the most common respiratory complication in patients with 
severe infection by SARS-CoV-2 and is widely accepted that thrombosis, 

especially acute pulmonary embolism (PE), is a well-recognized 
complication of severe COVID-19 [1,2]. In contrast to findings from 
ARDS secondary to influenza A (H1N1), SARS-CoV-2 infection induce 
endothelial injury, widespread vascular thrombosis with micro-
angiopathy, and occlusion of alveolar capillaries with a significant new 
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vessel growth through a mechanism of intussusceptive angiogenesis [3]. 
Moreover, in patients with severe COVID-19, different grades of coa-
gulopathy associated with disseminated intravascular coagulopathy 
(DIC) have been observed. In this population, the presentation of the 
severe disease has a characteristic pattern that include high levels of 
D-dimer and fibrinogen [4,5]. 

In line with this, while the incidence of thrombotic complications in 
critically ill patients is very high, in patients under non-invasive respi-
ratory support (NIS) is still unknown [6,7]. The specific incidence of 
thrombotic events in each of the clinical scenarios within the broad 
spectrum of severity of COVID-19, is not clearly established, and this has 
not allowed the implementation of thromboprophylaxis or anti-
coagulation for routine care in COVID-19 [8,9]. In this context, the 
purpose of the present study was to investigate the cumulative incidence 
of PE in COVID-19 patients receiving NIS for respiratory failure during 
their hospitalization. 

2. Methods 

We designed a retrospective study based in a severe COVID-19 
cohort, to analyze the patients admitted in our respiratory unit from 
March 2020 to May 2020 treated with NIS (ie. Continuous-Positive 
Airway Pressure (CPAP), Bi-level Positive Airway Pressure (BiPAP) 
and/or High-flow Oxygen Therapy (HFO). We decided on a selected 
group of patients to treat with NIS, mainly CPAP, as initial treatment, as 
a bridge to orotracheal intubation or as definitive treatment. In all cases, 
there was an immediate re-evaluation, to decide if they continued with 
the NIS or required orotracheal intubation. This strategy has been 
adopted by various European groups with positive results [10,11]. 

The patients were COVID-19 positive according to the actual diag-
nostic criterion [12]. All patients with moderate or severe COVID-19 
underwent serial D-dimer since it is an accepted marker of prognosis. 
If there was an elevation of the same along with clinical suspicion of PE 
based on current guidelines, a multidetector computed tomography 
pulmonary angiography (CTPA) was performed [13]. The study was 
approved by the local Clinical Research Ethical Committee. Results are 
expressed as means ± standard deviation (SD), for normally distributed 
variables, or as medians and 25th-75th percentiles, for non-normal 
variables. Student t-test was used to compare continuous variables be-
tween groups. Abnormally distributed variables were compared with 
Mann-Whitney U test. Qualitative variables are described as counts and 
percentages. We calculated the cumulative incidence of the PE. The 
index date was the first day of symptoms. Patients were censored upon 
hospital discharge, if they died, or at 30 days from the beginning of 
symptoms, whichever came first. 

3. Results 

We analyzed 93 patients with severe COVID-19 under NIS. Fifteen 
patients (16%) required mechanical ventilation (MV) after the NIS, 
while in 78 (84%) the treatment with NIS was considered definitive. All 
patients received pharmacological thromboprophylaxis or anti-
coagulation based on current guidelines [14]. Their comparative char-
acteristics are summarized in Table 1. 

The crude cumulative incidence of the PE was 14% (95%, CI 8–22) 
for all group. However, in patients that required orotracheal intubation 
and MV, the cumulative incidence was significantly higher [33% (95%, 
CI 16–58)] compared to patients that continued with non-invasive 
support [11% (CI 5–18)] (Log-Rank, p = 0.013) (Fig. 1). The median 
days from initial symptoms to PE diagnosis was 21 days (IQR 13–25). 
Patients that required mechanical ventilation were at higher risk of PE 
for a HR of 4.3 (95%CI 1.2–16). Three patients (18%) had central PE and 
4 patients (26%) had lobar PE, while 9 patients (60%) had purely 
segmental (5, 33%) or subsegmental (4, 26%) PE. The right lung was 
involved in 14 cases (93%) and in 9 cases (60%) the left lung was 
affected. Three patients had CT signs of right cardiac overload, with one 

of them having central filling defects and the other two lobar or 
segmental arteries affected. 

In the patients who a CTPA was performed and the presence of PE 
was confirmed, the D-dimer was 6.8-fold higher than the patients in 
whom PE was ruled out (27,076 ng/mL vs 3943 ng/mL, p = 0.002). No 
differences were found in terms of age, sex or comorbidities, and 
regarding the biomarkers of severity, the patients who presented clinical 
worsening after NIS, had only significant differences in levels of CRP. D- 
dimer was almost the double in patients requiring MV, regardless of 
whether they presented PE or not. However, only four patients died, this 
means a global mortality of 4.3% (no differences were found between 
both groups). 

Table 1 
Baseline characteristics, microbiological diagnosis and outcomes.  

Variable NIS + MV n =
15 

NIS n = 78 p 
value 

BASELINE CHARACTERISTICS    
Age, mean (SD) (months) 64.1 [12] 60.8 [12] 0.350 
Sex: Male/Female, n (%) 9/6 (60/40) 54/24 (69/ 

31) 
0.484 

Smoking status, current or former, n 
(%) 

8 (53.3) 23 (30) 0.073 

Comorbidities, n (%)    
Diabetes mellitus 6 (40) 16 (20.5) 0.104 
Obesity 7 (46.7) 27 (35) 0.375 
Coronary disease 1 (6.7) 2 (2.6) 0.410 
Dyslipidemia 7 (47) 31 (40) 0.617 
Hypertension 10 (66.7) 35 (45) 0.122 
Atrial fibrillation 2 (13.3) 4 (5.1) 0.236 
COPD 3 [20] 5 (6.4) 0.086 
Asthma 0 (0) 4 (5.1) 0.370 
Obstructive sleep apnea 1 (6.7) 3 (3.8) 0.622 
Previous cancer 2 (13.3) 1 (14.1) 0.640 
Immunosuppression 1 (6.7) 3 (3.8) 0.622 
Previous deep venous thrombosis 0 (0) 2 (2.2) 0.531 

Days symptoms-NIS, mean (SD). 10.2 (4.4) 10.3 [6] 0.979 
Symptoms, n (%)    
Fever 

Cough 
Dyspnea 
Headache 
Diarrhea 
Nausea 
Arthromyalgia 
Dysgeusia 
Anosmia 

10 (67) 
13 (87) 
9 (60) 
2 (13.3) 
5 (33.3) 
0 (0) 
3 [20] 
2 (13.3) 
2 (13.3) 

70 (90) 
59 (82) 
46 (59) 
18 (23.4) 
23 (29.5) 
7 [9] 
32 (41) 
17 (21.8) 
14 [18] 

0.018 
0.350 
0.941 
0.388 
0.766 
0.228 
0.124 
0.457 
0.664 

Weight, mean (SD), kgs 88.2 (28) 81.2 (15.7) 0.218 
Height, mean (SD), cms 166 [10] 165 (10.9) 0.889 

CLINICAL FEATURES    
Vital signs at admission, mean (SD)    
Respiratory rate,/min 29.6 [7] 27.4 (7.7) 0.319 
Heart rate,/min 94 (21.7) 96.4 (17.5) 0.661 
Median arterial pressure, mmHg 92.7 [15] 94.7 [14] 0.469 
Oxygen saturation, % 93 (7.7) 93.6 (6.3) 0.805 
PAFI mmHg, mean (SD) 283 (240) 273 (94) 0.802 
Temperature, Celsius◦ 36.8 (1.1) 37.2 (1.1) 0.251 
Blood test analysis    

Total lymphocytes at admission 986 (609) 935 (456) 0.706 
Hemoglobin at admission 13.1 (1.5)7 13.5 (1.5) 0.416 
Platelets at admission, 103 221 (120) 200 (86) 0.416 
Lactate dehydrogenase (LDH), 
higher 

376 (104) 344 (126) 0.359 

Interleukin 6, higher 163 (45) 119 (175) 0.390 
Ferritin, higher 1182 (864) 1596 (1327) 0.250 
Reactive C protein (PCR), higher 18.6 (8.8) 13.7 (8.4) 0.042 
Procalcitonin, higher 0.41 (0.5) 0.65 (2.8) 0.749 
D-dimer, higher 11,664 

(11,832) 
6314 
(40,431) 

0.078 

CURB-65 score ≥ 2, n (%) 8 (29.1) 39 (51.3) 0.880 
Deaths, n (%) 3 (5.1) 1 (2.9) 0.624  
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4. Discussion 

Our study in patients with respiratory failure by COVID-19 under NIS 
has provided three relevant findings. First, the cumulative incidence of 
PE in our patients under NIS was almost 10-fold higher than in patients 
in ward according to previous reports [15]. Second, the cumulative 
incidence of PE for patients that required orotracheal intubation after 
the NIS was more than 3-fold higher than patients that responded to 
initial treatment. Third, our study confirms that patients under me-
chanical ventilation represent a high-risk group to develop PE during 
COVID-19 evolution. 

The high cumulative incidence of PE in critically ill patients with 
COVID-19 has been demonstrated during the last months [6,15], how-
ever the incidence in patients receiving NIS has not been evaluated to 
our knowledge. The main reasons for the development of thrombotic 
complications in COVID-19 are uncontrolled inflammatory reaction and 
coagulopathy in the context of significant endothelial dysfunction [16]. 
These physio-pathological processes are present in all the stages of the 
disease with special relevance in patients requiring intensive care unit 
(ICU) [8,9]. However, up to the present time, there are no studies clearly 
identifying patients at high risk in early stages of SARS-CoV-2 infection. 

Our results indicate that severity of the disease can be related with 
the increased incidence of PE but is less clear that thrombotic events 
play an independent role in the prognosis of patients, or if is a direct 
consequence of the disease. In line with this, it has been hypothesized 
that the origin of the increased d-Dimer is intra-alveolar fibrin deposi-
tion in the context of severe acute lung injury [17]. Also, our study 
confirm that CRP is probably the best biomarker to follow-up patients 
with severe respiratory failure and COVID-19 pneumonia [18,19]. In our 
cohort IL6 was elevated in all patients, as expected because all of them 
had severe disease, but no difference was found between both groups. 
Finally, hypertension, obesity, dyslipidemia and diabetes were highly 
incident among both groups of patients [20]. It is noteworthy that 
despite analyzing a cohort of patients with severe respiratory disease, 
where bilateral pneumonia and pulmonary thromboembolism even 
coexist, more than 40% of patients did not report dyspnea at the time of 
admission. This finding known as “happy hypoxia” is being debated in 
the scientific community and has already been described by some groups 
[21]. Our results are in line with recently published evidence where 
Brüggemann R et al. described the number of PE diagnosis among pa-
tients with COVID-19 and respiratory deterioration, and found a 

prevalence between 26 and 77% depending on whether they were in the 
emergency room, a general ward or ICU [22]. Despite the absence of 
clinical trials evaluating the efficacy of systematic anticoagulation in 
patients with severe COVID-19, Nadkarni G et al. conclude from a large 
retrospective analysis that anticoagulation was associated with lower 
mortality and intubation among hospitalized COVID-19 patients [23]. 

The current study also has several limitations. In the majority of the 
patients in whom a CTPA was performed, no other thrombotic compli-
cations beyond PE were evaluated. Although it is possible that throm-
botic disease was underestimated, we have evaluated two large 
homogeneous groups at the same level of severity at the beginning of the 
study, since they all were under NIS. 

In conclusion, cumulative incidence of PE is remarkably higher in 
critically patients with a potential impact in COVID-19 evolution. In this 
context, patients under NIS are a very high-risk group for developing PE 
without a clear strategy regarding thromboprophylaxis. 
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Vélez: Investigation, Recruitment. Cinta Cumpli Gargallo: Investiga-
tion, Recruitment. Marisol Dominguez-Alvarez: Investigation, 
Recruitment. Joaquim Gea: Conceptualization, Formal analysis, 
Writing - original draft, Writing - review & editing. Nuria Grau: 
Investigation, Recruitment. Karys Kilhzi: Álvarez, Investigation, 
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