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Coronavirus disease 2019 (COVID-19) emerged as a global
pandemic associated with high rates of morbidity and mor-
tality. To face this health crisis, the government had to resort
to exceptional measures to stop the spread of severe acute
respiratory syndrome coronavirus 2, notably two consecu-
tives lockdowns in 2020. This greatly impacted the health
care system, including a reduction in nonurgent care activi-
ties outside of COVID-19 and a massive deployment of tools
to better manage COVID-19 patients,! particularly with the
use of laboratory tests with diagnostic and prognostic values.
In 2020, the French state health care budget recorded its
highest annual deficit since its creation, at 36.8 billion euros.?

Beyond the context of COVID-19, laboratory tests occupy a
central place in health care. Indeed, more than 70% of clinical
decisions are influenced by test results, as are around 40% of
primary care consultations.> Among laboratory tests, hemo-
stasis tests are mainly used to (1) establish whether an
individual is at risk of bleeding before an elective or urgent
surgery or procedure, (2), monitor anticoagulant therapy, (3)
diagnose specific conditions like coagulopathy and exclude
venous thromboembolism (VTE)* or heparin-induced
thrombocytopenia (HIT).

The aim of our study was to analyze temporal trends of
hemostasis tests performed in France and the impact of the
COVID-19 pandemic.
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We collected the number of hemostasis test reimburse-
ments each year in France using the French national health
insurance database® from January 1, 2013 to December 31,
2021. This database included all reimbursed biological tests
that were ordered for outpatients or hospitalized patients in
private, for-profit health care facilities. We extracted the total
yearly number of these tests: hemograms, activated partial
thromboplastin time (APTT), prothrombin time (PT), interna-
tional normalized ratio (INR), fibrinogen, endogenous and
exogenous factors, anti-FXa activity (unspecified on type of
heparin used), von Willebrand Factor ristocetin cofactor activi-
ty (VWF:RCo), D-dimer, and anti-platelet factor 4-heparin
antibodies (anti-PF4/H). We then calculated the total person-
years using demographic assessments from the National Insti-
tute of Statistics and Economic Studies.® Crude rates of test use
per 100,000 habitants per year were calculated for each year.
First, to have a starting point and to be as free as possible from
bias due to potential variations of these tests prior to COVID-19,
we used the nonparametric Mann-Kendall pattern test to
assess whether or not the time series data had a statistically
significant trend between 2013 and 2019. Then, to evaluate the
impact of COVID-19 emergence on selected tests, we performed
descriptive statistics between the number of tests performed
between 2019 and 2020 and between 2020 and 2021. Statistical
analysis was performed using RStudio (version 4.1.1).
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Between 2013 and 2021, a total 0of 810,421,768 tests were
collected for 600,602,171 patients. During the pre-COVID-19
era between 2013 and 2019, we noted a gradual increase per
year in the number of hemograms (+15%, p < 0.01), PT (+3%,
p<0.01), fibrinogen (+9%, p<0.01), D-dimer (+247%,
p<0.01), VWF:RCo (+64%, p<0.01), FVIII (+48%, p<0.01),
FIX (+53%, p <0.05), FXI (+53%, p<0.05), and exogenous
coagulation factors assays ordered per 10,000 habitants
(respectively FII +279%, p<0.01; FV +358%, p <0.01; FVII
+452%, p <0.01 and FX +442%, p < 0.01), whereas the num-
ber of anti-Xa activity (p > 0.05), PF4/H antibodies (p > 0.05),
and FXII (p > 0.05) ordered per 10,000 habitants remained
stable (=Fig. 1). In contrast, we observed a gradual decrease
of INR (—42%, p<0.01), APTT (—3%, p <0.05) ordered per
100,000 habitants.

During the first two waves of COVID-19 in France in 2020,
the number of test reimbursements sharply decreased com-
pared with 2019, particularly for INR (—-18%), APTT (-8%), PT
(—6%), and fibrinogen (—4%). Conversely, D-dimer (+19%),
anti-PF4/H (+2%), FVII (+27%), and FX (+31%) were the only
tests to increase in 2020. Between 2020 and 2021, we
highlighted an increase of hemograms (+7%), PT (+11%),
fibrinogen (+9%), D-dimer (+19%), PF4/H antibodies (+34%).

Between 2000 and 2012, the use of anticoagulant therapy
steadily increased in France, with the sales of oral anti-
coagulants doubling.7'8 For years, prevention and treatment
of VTE were restricted to the use of heparins and vitamin K
antagonists, which both require biological monitoring
through the anti-Xa and INR assays, respectively. Direct
oral anticoagulants became the most frequently prescribed
anticoagulant therapy during the last decade in France,’
which could explain the progressive decrease in the pre-
scription of INR and anti-Xa activity assays. However, the
number of reimbursements for D-dimer assays is increasing
and reaching unprecedented levels, as it has almost doubled
since 2014. We can attribute this sharp increase in use of D-
dimer assays to exclude diagnosis of pulmonary embolism
(with an increased incidence'®), to help clinicians decide
whether to stop or continue anticoagulant therapy using
recent scores.'®'" In 2020, early in the pandemic, several
studies have shown coagulopathy11 and endotheliopathy12
associated with high prevalence of VTE in severe COVID-19.
Furthermore, high D-dimer levels at admission were associ-
ated with worsening, intensive care unit (ICU) referral and
higher in-hospital mortality'>'> and regardless of VTE
occurrence.'® Then, interim guidance by the International
Society on Thrombosis and Haemostasis (ISTH)'” suggested
relying on D-dimer solely at admission to decide whether
hospitalized patients with COVID-19 were at risk of worsen-
ing and probably need more aggressive critical care support.
All in all, COVID-19 pandemic could explain this major
increase of D-dimer since 2020 with a part of overtesting
as a result of the ISTH guidance.'? As critically discussed by
Akima et al,'® D-dimer testing has to be interpreted along
with a whole clinical assessment.

During the first two waves of COVID-19 in France in 2020,
the number of test reimbursements sharply decreased com-
pared with 2019, particularly for INR, APTT, PT, and fibrinogen.
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This can be explained by the lower activity related to the first
lockdown of the COVID-19 pandemic, with a significant de-
crease in global surgical activity and related preoperative
hemostasis tests in 2020 and the reorganization of non-ICU
wards.'® Nonetheless, the most striking decrease remains that
of INR, which reflects that a significant number of patients
were unable to monitor their INR in medical laboratories.

During the COVID-19 outbreak, the high frequency of VTE
despite prophylactic therapy and thrombocytopenia led to
numerous suspicions of HIT, which led to relative stability of
anti-PF4/H. In a meta-analysis, Uaprasert et al'® observed
that the incidence of HIT in COVID-19 patients was compa-
rable to those without COVID-19. Since mass vaccination
campaigns started in December 2020, several thrombotic
events following COVID-19 vaccination were reported,'® as
well as cases of vaccine-induced thrombotic thrombocyto-
penia (VITT)?%2' characterized with the association of
thrombocytopenia, thrombosis associated with the presence
of platelet-activating anti-PF4/H antibodies following ChA-
dOx1 nCov-19 and Ad26.0V2.5(21) vaccination. All in all,
VITT suspicion, misinformation (inadvertently inaccurate or
incomplete information), and disinformation (deliberately
and often maliciously misleading information)?%?' about
COVID-19 vaccine risk of thrombosis could explains the
strong increase of the number of hemograms, D-dimer,
and anti-PF4/H antibodies assays (+34%) in 2021, while it
remained relatively steady over the past 7 years.

We acknowledge several limitations with the present
study. First, these data reflect the global trend in the
evolution of biology assays ordered for outpatients or
hospitalized patients in private, for-profit health care facili-
ties, since the data concerning public health care structures
are not available. Previous studies have demonstrated in-
creased laboratory testing in teaching hospitals, compared
with nonteaching hospitals, due to medical trainees (resi-
dent physicians and medical students).?? Second, these data
allow policy makers to assess trends in test use, but we
were unable to collect data to evaluate this temporal trend
according to certain parameters such as sex, age, diseases,
or indication/type of anticoagulant therapy, which could be
useful to refine the data.

To conclude, the COVID-19 pandemic had a very impor-
tant effect on hemostasis test trends, with a decrease in the
majority of assays due to lockdowns and health care system
reorganization but a strong increase in D-dimer assays due to
COVID-19-associated coagulopathy, in association with
hemograms and anti-PF4/H likely due to VITT suspicion
and disinformation in 2021.
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(A) Hemograms (B) PT (C) INR (D) APPT (E) Fibrinogen (F) Anti-Xa activity (G) D-dimer (H) Anti-PF4/H () VWF:RCo (]) exogenous

coagulation factors (K) endogenous coagulation factors. Temporal trends in France in total hemostasis tests use by test type between 2013 and
2021. Crude rates of test use per 100,000 habitants per year were calculated for each year. Anti-PF4/H, anti-PF4/heparin antibodies; APPT,
activated partial thromboplastin time; INR, international normalized ratio; PT, prothrombin time; VWF:Rco, von Willebrand Factor ristocetin

cofactor.
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