
Figure 1. Recurrent venous thromboem-
bolic events in relation to the number of 
COVID-19 patients in Italy during the 
time course of the Apidulcis study. Pa-
tient inclusion started in August 2018 and 
stopped in December 2021. The graph 
shows recurrent venous thromboembolic 
events (VTE) (marked as red bars), in re-
lation to the number of COVID-19-posi-
tive subjects in Italy (data from Italian 
“Protezione Civile”; accessed July 31, 
2022; https://lab24.ilsole24ore.com/coro-
navirus/#).

COVID-19 pandemic affects the ability of negative D-dimer 
to identify venous thromboembolism patients at low risk 
of recurrence: insights from the Apidulcis study

The results of the Apidulcis study (clinicaltrials gov. Ident-
ifier: NCT03678506), recently published in Blood 
Advances,1 confirmed the high efficacy and safety of ex-
tended anticoagulant treatment with a reduced dose of 
Apixaban (2.5 mg twice a day) in patients (n=446) who had 
a positive D-dimer test after a single venous thromboem-
bolic (VTE) event during standard anticoagulant therapy 
or within 2 months after its discontinuation. However, the 
study also showed that negative D-dimer results failed to 
identify patients in whom an extended anticoagulation 
might be safely avoided. Indeed, in patients with negative 
D-dimer at the time of inclusion in the study (n=286), who 
remained off anticoagulation, a high incidence of primary 
outcomes – almost completely represented by recurrent 
VTE events - was recorded (incidence: 6.2x100 
patients/year; 95% confidence interval [CI]: 3.9-9.5). This 
incidence was not only higher than expected based on ob-
servations from previous studies,2,3 but also higher if com-
pared with results obtained in a similarly designed study 
(3.0x100 patients/year; 95% CI: 2.0-4.4).4 Furthermore, the 
incidence of VTE events was much higher than that re-
corded in patients who continued anticoagulation with re-
duced-dose Apixaban (0.9x100 patients/year; 95% CI: 
0.3-2.2). In line with the per protocol stopping rule, the 
significant difference between the rates of primary out-
comes in the two groups led to a premature interruption 
of the study in December 2021.  
We were surprised by the high incidence of recurrent VTE 
events in patients with persistently negative D-dimer re-

sults and, after the publication of the main report, we ex-
plored potential reasons which may have contributed to 
these findings.  
We hypothesized that SARS-CoV-2 infection, which be-
came widespread in Italy while the Apidulcis study was 
ongoing, might have influenced the above-mentioned re-
sults. The recruitment of patients in the study began in 
August 2018 (see Figure 1); however, much of the study 
was concomitant to the initial phase (the first affected 
patient in Italy was diagnosed at the end of February 
2020) and the SARS-CoV-2 infection spread during the 
subsequent months, through all of 2021. As shown in Fig-
ure 1, only three thrombotic events (red bars) occurred 
before the pandemic, while the 16 remaining events oc-
curred during the pandemic. As reported in Table 1, the 
incidence of recurrences was significantly higher in the 
last year of the study period, concomitant with the spread 
of the virus. We also invited all participant investigators 
to collect information from the patients who had a 
negative serial D-dimer test at inclusion about possible 
SARS-CoV-2 infection occurring during the follow-up. In-
formation was gathered from n=258 (90.2%) patients of 
the 286 with a negative D-dimer test, including all 16 pa-
tients who had recurrent events during the pandemic. 
Three recurrences occurred among the 32 patients who 
had a positive COVID-19 test during follow-up; while 13 
events occurred in the 226 who tested negative. The inci-
dence was 10.3% patients/year; 95% CI: 2.1-30.3 and 6.1% 
patients/year; 95% CI: 3.2-10.4, respectively.  
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Table 1. Incidence of recurrent venous thromboembolic events in patients during the 3-year running period of the Apidulcis 
study.

Aug. 2018 - Dec. 2019 Jan. 2020 - Dec. 2020 Jan. 2021 - Dec. 2021

VTE recurrences, N 3 4 12

Follow-up, patient years, N 60 138 137

VTE incidence, % pt/yr (95% CI) 5.0 (1.0-14.6) 2.9 (0.8-7.4) 8.8 (5.4-15.3)

Total number of patients with persistently negative D-dimer recruited in the Apidulcis study: 286. VTE: venous thromboembolic events; pt/yr: 
patients/year; CI: confidence interval.

The present data from a post hoc analysis of the Apidulcis 
study results, lead us to hypothesize that the pandemic 
has affected the Apidulcis study results, directly or by 
various mechanisms, contributing to an increased risk of 
recurrences that could not be predicted by negative D-
dimer assay performed at the time of patient enrollment 
in the study. It is well known that the COVID-19 pandemic 
is associated with an increased rate of VTE events, which 
is not limited to patients who are more seriously 
affected.5,6 Furthermore, an impact of the pandemic on in-
creasing VTE occurrence has been described even in 
COVID-19-negative populations,7,8 likely due to indirect ef-
fects of the pandemic, such as the various restrictions 
and the lockdown, resulting in a general reduction in 
physical activity,9 a subsequent trend to obesity, and - 
among others - an increase in smoking.10 
The present data suggest that the pandemic may have in-
fluenced the Apidulcis study results. This observation has 
two important implications.  
First and more importantly, it adds further value to the 
remarkable efficacy and safety of reduced-dose Apixaban, 
already described in the main report. As the recurrence 
rate in patients taking reduced-dose Apixaban was com-
parable to that reported before the COVID-19 pandemic,11 
it is tempting to speculate that the reduced-dose Apixa-
ban was consistently effective even in the patients experi-
encing increased prothrombotic effects associated with 
the pandemic. Secondly, the results of this post hoc 
analysis illustrate the pitfalls associated with clinical pre-
diction rules. During the conduct of the Apidulcis study, 
an unexpected event led to an increase in the baseline 
recurrence risk, thus substantially changing the targeted 
study population. We are still convinced that negative D-
dimer testing may have a predictive ability for a patient 
population with a baseline recurrence risk of 3-5% pa-
tients/year (i.e., as our study population in the pre-COVID-
19 era).  
Finally, we would like to warn other researchers who plan to 
investigate the risk of recurrence after VTE, that the COVID-
19 pandemic likely influences the natural history of VTE. 
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