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Effect of therapeutic anticoagulation on gas exchange in mechanically ventilated COVID-19 
patients: A secondary analysis of the COVID-HEP trial  
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Introduction 

SARS-CoV2 infections can progress to acute hypoxemic respiratory 
failure (AHRF) and adult respiratory distress syndromes (ARDS). 
Thrombotic microangiopathy of the pulmonary vasculature has been 
reported in autopsy series and might contribute to the occurrence of 
AHRF in SARS-CoV2 pneumonia. Based on this rationale therapeutic 
anticoagulation could improve gas exchange among COVID-19 patients 
with AHRF. This concept was tested in the pilot trial (HESACOVID) [1], 
which randomized 20 COVID-19 patients requiring mechanical venti-
lation to either therapeutic or prophylactic enoxaparin. The authors 
observed an improvement of oxygenation in the therapeutic group at 7 
and 14 days compared to the prophylactic group. Although multiple 
studies have failed to demonstrate the benefit of therapeutic anti-
coagulation versus prophylactic anticoagulation in reducing mortality 
[2], the impact on gas exchange has been much less studied. We recently 
published the results of a multicenter, randomized controlled trial, 
including acutely ill medical COVID-19 patients with D-dimer >1000 
ng/mL or critically ill COVID-19 patients with a 30-day follow-up [3]. As 
a secondary analysis of the COVID-HEP trial, our aim was to explore the 
impact of therapeutic anticoagulation on the evolution of gas exchange 
(PaO2/FiO2 or P/F ratios) among mechanically ventilated patients, 
similarly to the HESACOVID trial. 

Methods 

The COVID-HEP multicenter, open-label, randomized controlled 
trial of therapeutic-dose vs. low- or intermediate-dose anticoagulation 
for hospitalized patients has been described elsewhere [3]. It included 
patients with a biologically proven COVID-19 infection and a severe 
disease, defined by an admission D-dimer level >1000 ng/mL for acute 
medical wards, or a hospitalization in intermediate care/intensive care 
units (IMCU/ICU). Inclusion had to occur within 48 h of hospital 
admission or admission to the ICU. Exclusion criteria included ongoing 
therapeutic anticoagulation for any indication other than COVID-19, 
contraindication to therapeutic anticoagulation, a high risk of 

bleeding, ongoing pregnancy, extreme body weight (<40 kg and >150 
kg), and participation to another clinical trial. 

For this pre-specified secondary analysis, we analyzed only me-
chanically ventilated patients at baseline. Patients were randomized to 
therapeutic “high-dose” anticoagulation (enoxaparin 1 mg/kg twice 
daily or unfractionated heparin (UFH) according to anti-Xa dosing), or 
to an “intermediate-dose” anticoagulation (enoxaparin 40 mg b.i.d. or 
UFH 15000 IU daily if body weight < 100 kg, or enoxaparin 60 mg b.i.d. 
or UFH 20000 IU daily if ≥100 kg). We followed participants for 30 days 
and screened for proximal deep vein thrombosis between day 5–10 with 
compression ultrasound. Ethics approval from all centers and informed 
consent from all patients or their relatives were obtained. 

PaO2/FiO2 ratios were those recorded at the time of inclusion, then 
daily until day 7 (independently of the duration of invasive mechanical 
ventilation (IMV)). One participant had only 2 measured P/F ratios 
(baseline and day 7). Seven participants had a total of 11 missing P/F 
ratios (6 % of all measures) from baseline to day 7. Missing P/F ratios 
were replaced by an estimate of P/F based on FiO2 and SaO2 values [4]. 
We used a mixed linear model comparing the improvement slopes of the 
P/F ratios over time between the 2 groups. We conducted a sensitivity 
analysis by excluding the 11 estimated P/F ratios. All statistical analyses 
were conducted on R software, version 4.0.2, and all statistical tests 
were two-sided with a significance level of 5 %. 

Results and discussion 

A total of 23 patients were included, 14 in the high-dose group and 9 
in the intermediate-dose group (Table 1). The median SOFA scores at 
baseline were similar (6), as was the FiO2 (40 % in high-dose group vs 
38 % in intermediate-dose group). All patients except one, in the 
intermediate-dose group, received dexamethasone. Over study time, 
none received extracorporeal membrane oxygenation and 57.1 % vs. 
66.7 % used prone position sessions in the high-dose vs. intermediate- 
dose group. Three participants were censored in the high-dose group 
because of study withdrawal, all after the first seven days. 

At baseline and at 7 days, mean P/F ratios were 24.6 kPa (SD 7.6) 
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and 27.8 kPa (SD 6.9) in the high-dose group and 22.2 kPa (SD 5.2) and 
25.6 kPa (SD 8.1) in the intermediate-dose group, respectively. This 
increase of P/F ratios did not statistically or meaningfully differ between 
both groups (p = 0.54) (Fig. 1). The results of the sensitivity analysis 
excluding extrapolated P/F ratios were similar (data not shown, p =
0.73). Median durations of mechanical ventilation and ICU stay were 9 
and 10 days, and 8 and 9 days, respectively. Also, in the high-dose group 
vs. the intermediate-dose group, the 30-day mortality (9.1 % vs. 22.2 %, 
P = 0.38), risk of arterial thrombosis (7.1 % vs. 22.2 %, P = 0.36), risk of 
VTE (0 % vs. 11.1 %, P = 0.21) and risk of major bleeding (7.1 % vs. 

22.2 %, P = 0.28) did not differ at 30 days. 
We found no effect of high-dose anticoagulation on early respiratory 

status in ventilated COVID-19 patients, which contrasts with the results 
the HESACOVID study [1]. However, some differences should be noted. 
First, the observation period was longer (14 days) in the HESACOVID 
study. Second, the control group differed across studies: The HSACOVID 
used a prophylactic anticoagulation while the COVID-HEP study used an 
intermediate-dose anticoagulation in the control group. Finally, patients 
were more profoundly hypoxemic at baseline in the HESACOVID study 
(FiO2 70 % vs 40 % in our study) and more severe (SOFA score 10 vs 6). 
Moreover, pulmonary embolism was ruled out in almost 3/4 of the pa-
tients included in the COVID-HEP study. These elements may contribute 
to the reduced benefit of high-dose anticoagulation in the latter study. 

Nevertheless, there is homogeneous data showing the lack of clinical 
improvement by therapeutic anticoagulation in several international 
platform studies (REMAP-CAP, ACTIV-4a and the ATTACC) [5]. If 
concrete data on gas exchange are missing, it is unlikely that a difference 
would be meaningful since no difference was shown in terms of number 
of days free of cardiovascular or respiratory organ support. 

The effects of anticoagulants in ARDS have been tested in small 
preclinical and clinical trials, even before the COVID-19 pandemic with 
mitigated results [6] and their use is currently not recommended. As 
therapeutic heparinization alone could be insufficient to re-establish 
vascular patency, systemic thrombolysis has also been proposed by 
some authors. In a pilot randomized clinical trial including 15 patients 
[7] with severe COVID-19 ARDS and D-dimer levels >3000 ng/mL, 
patients were randomized to one of the following 3 regimens: low dose 
tissue plasminogen activator followed by therapeutic anticoagulation 
with UFH, therapeutic anticoagulation with UFH or prophylactic anti-
coagulation with UFH. The magnitude of improvement of P/F ratio at 
48 h was modest (− 15.8 %) and all 5 patients randomized to throm-
bolytic therapy died. Douin et al. retrospectively used data from a 
multicenter cohort study of critically ill adults with COVID-19 (STOP- 
COVID registry) to examine the safety and efficacy of tPA in this setting 

Table 1 
Patient characteristics at baseline.   

High dose (n = 14) Low dose (n = 9) 

Mean Age (years) 61.6 (12.2) 63.1 (12.6) 
Mean Body mass index 31.9 (4.3) 28.9 (5.7) 
Women 5 (35.7 %) 3 (33.3 %) 
Caucasian 11 (78.6 %) 5 (55.6 %) 
Diabetes 1 (7.1 %) 3 (33.3 %) 
Hypertension 6 (42.9 %) 5 (55.6 %) 
Previous cardiovascular disease 1 (7.1 %) 0 (0.0 %) 
Chronic pulmonary disease 1 (7.1 %) 1 (11.1 %) 
Active cancer 0 (0.0 %) 1 (11.1 %) 
History of venous thromboembolism 0 (0.0 %) 0 (0.0 %) 
PE excluded prior inclusion 10 (71.4 %) 7 (77.8 %) 
D-dimer baseline 

Median (IQR)  1130 (768–1400)  1338 (542–1841) 
FiO2% baseline   

Median (IQR) 40 (32–49) 38 (35–40) 
SOFA at baseline 

Median (IQR)  6 (5–7)  6 (4–7) 
First study treatment   

Enoxaparin 8 (57.1 %) 7 (77.8 %) 
Unfractionated heparin 6 (42.9 %) 2 (22.2 %) 

Use of vasopressor 10 (71.4 %) 7 (77.8 %) 
Use of dexamethasone 14 (100.0 %) 8 (88.9 %) 
Use of tocilizumab 2 (14.3 %) 1 (11.1 %)  

Fig. 1. Mixed linear model comparing the improvement slopes of the ratios over time between the high dose and low dose groups (p = 0.54). 
PF = PaO2/FiO2 ratio, in Kpa. 
Slope within each study arm: Low dose arm: 0.52 (95%CI 0.04 to 1.01), p = 0.03. High dose arm: 0.33 (95%CI − 0.07 to 0.72), p = 0.104. 
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[8]. All patients who received tPA for confirmed pulmonary embolism 
(PE) or suspected PE within 14 days after ICU admission were included 
and followed for 14 days until discharge or death. Among 5154 patients, 
93 received tPA. P/F ratios were not improved and six patients experi-
enced a major bleed. Finally, a recent open-label trial randomized 50 
adults with COVID-19-induced respiratory failure requiring mechanical 
ventilation and showed that the combination of tPA bolus plus heparin 
was safe [9]. The authors noted a significant improvement in P/F ratios 
when tPA was administered as a bolus, which was not longer the case 
when given continuously. 

None of these studies was powered to formally prove or exclude the 
utility of fibrinolytic therapy or anticoagulation to improve the 
oxygenation. From a pure physiological point of view, the possibility 
that increased lung perfusion could improve oxygenation is not un-
equivocal. Although microvascular thrombosis may increase dead space 
ventilation, it is worth remembering that the dead space effect (low 
perfusion in relation to ventilation, V/Q > 1) per se does not lead to 
hypoxemia, or only indirectly by the development of low V/Q in other 
areas of the lungs by redistribution of perfusion from obstructed lung 
vessels, which can be aggravated by the loss of hypoxic vasoconstriction. 
ARDS is above all characterized by diffuse alveolar damage that leads to 
an inflammatory cell-rich proteinaceous edema, local alveolar hypo-
ventilation and atelectasis. Perfusion of these areas (V/Q < 1 or 0) 
leading to admission of non-oxygenated blood to the arterial systemic 
circulation (shunt effect) remains the main cause of hypoxaemia [10] 
and in this setting, reperfusion by any means should only provide 
marginal benefit. 

We acknowledge important limitations. In this pre-planned subgroup 
secondary analysis, the number of observations was low. Patients were 
only observed over the first 7 days and improvement beyond that cannot 
be ruled out. Patients in the control group received intensified prophy-
laxis which may have lessened the effects of anticoagulation. 

Nevertheless, we did not observe that therapeutic anticoagulation of 
COVID-19 ARDS patients treated with mechanical ventilation modified 
P/F ratios on the first 7 days, compared with intermediate-dose 
anticoagulation. 
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