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The levels of D-dimers have been found to be associated with
death in patients with COVID-19 since the first reports.1 D-
Dimer and inflammatory parameters are frequently used as a
marker of COVID-19 severity, driving decisions such as the use
anddosageofanticoagulationandanti-inflammatorydrugs.2,3

However, a meta-analysis of prediction models of COVID-19
developed so far suggested that none, including thosebasedon
biomarkers, canbe recommended forclinicalpractice.4Among
othermethodological issues, available studies didnotmention
the timing of the biomarker assessment, used only baseline
measurements or only the latest available ones, or included
participants with incomplete follow-up.4

To the best of our knowledge, only few authors explored
the dynamics of early changes of D-dimer levels and other
inflammatory biomarkers in hospitalized patients with
COVID-19 and their potential suitability for risk assess-
ment.5,6 In the present retrospective analysis, we studied
the dynamic changes in D-dimer and C-reactive protein (CRP)
levels in survivors versus nonsurvivors admitted with labo-
ratory- and imaging-confirmed COVID-19 pneumonia at a
single high-volume center since the start of the outbreak and
followed until discharge or death.

Patientswere admitted to a university hospital (Humanitas
Clinical and Research Hospital, Rozzano, Milan, Italy) from
February to April 2020.7 For this analysis, we focused only on
the temporal course of D-dimer and CRP, as these biomarkers
were most frequently used for patient monitoring after early
descriptions of their potential prognostic value in COVID-19.4

We refrained from analysis of venous thromboembolic (VTE)

events, because this topic has been extensively addressed7,8

and because D-dimer levels often guided VTE imaging, which
might have led to erroneous risk estimates.

For both markers, we first identified the highest value
measured over the entire hospitalization. We then evaluated
the in-hospital course of the marker by calculating two veloci-
ties of increase (slopes): the average daily increase from
the lowest of all previously measured values to the highest
value (lowest to highest daily increase) and the average daily
increase from the latest of all previouslymeasured values to the
highest value (latest to highest daily increase). Both were
expressed as a continuous variable (unit increase/day). A total
of 2,896 daily D-dimermeasurements and 4,606 CRPmeasure-
ments were performed in 8,478 patient-days of follow-up.
Values below the limit of detection (LOD) were imputed as
LOD/√2.9 Specifically, 279 out of 2,896 (9.6%) D-dimer values
were below the LOD of 200 ng/mL and 21/4,606 (0.5%) CRP
values below 0.8mg/dL. All measurements were conducted in
the hospital’s laboratory. Categorical variables were described
as frequencies (percentages), continuous nonnormally distrib-
uted values with median and interquartile range (IQR). We
described the overall trend of each marker in survivors and
nonsurvivors using smoothed lines generated by locally esti-
mated scatterplot smoothing (LOESS) and assessed the associa-
tion between both types of daily increase of each marker and
patient outcome using the Wilcoxon rank-sum test. To explore
whether the association of each slope with death varied in
patients with lower or higher biomarker values at baseline, we
usedmultivariable regression models, including the biomarker
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value at baseline, either slope, and their interaction term, as
covariates.

The analysis included 577 patients with median age of 67
(IQR: 56–77) years, of whom386 (67%)weremen. Themedian
follow-up from admission to discharge or death was 10 (IQR:
7–17) days. Of the 577 patients, 144 (25%) died, of whom 117
(82%) in a general hospital ward and the remaining in an
intensive care unit. Half of the deaths occurred by day 7 (IQR:
4–12). The LOESS lines describing the trends of both markers
suggested an overall increase, especially for D-dimer, until the
mediandayofdeath (►Fig. 1). Theassociationanalysis showed
that, innonsurvivors, both thedaily increase fromthelowest to
thehighestD-dimer level and thedaily increase fromthe latest
to the highest D-dimer level were more than twice as high as
those among survivors (median: 69, IQR: 21–200 vs. 150, IQR:
13–814 ng/mL/d, p¼ 0.017; and median: 74, IQR: 18–297 vs.
185, IQR: 12–1,088 ng/mL/d, p¼ 0.033;►Table 1). The lowest
to highest and latest to highest daily increases inCRPwere also
higher in nonsurvivors (median: 2.9, IQR: 1.7–4.9 vs. 1.8, IQR:
0.9–3.3mg/dL/d in survivors, p< 0.001; andmedian: 3.1, IQR:

1.4–6.0 vs. 1.7, IQR: 0.7–3.8mg/dL/d in nonsurvivors,
p � 0.001; ►Table 1). For both parameters, the baseline and
the highest observed levels were also consistently higher in
nonsurvivors. The lowest to highest increase in D-dimer was
more strongly associatedwith death in patientswith lower D-
dimer at baseline (independent odds ratio [OR] and 95%
confidence interval [CI] vs. death of D-dimer at baseline: OR:
1.08, 95% CI: 1.02–1.16 per 250mg/dL increase; of D-dimer
lowest to highest increase: OR: 1.18, 95% CI: 1.09–1.30 per
250mg/dL/d increase; of the interaction term: OR: 0.99, 95%
CI: 0.98–0.99). This was not seen in the logistic regression
model for the latest to highest increase in D-dimer, in which
only the slope was associated with death, or in the model for
both CRP slopes, in which both higher slope and higher
baseline values were independently associated with death
(data not shown).

Potential mechanisms for the increase in D-dimer levels in
patientswith COVID-19 include pulmonary endothelial injury
with inflammation-associated deposits of intra-alveolar
fibrin, systemic endothelial injury with diffuse thrombosis
of smaller vessels10orof larger veins,11andcoagulopathy.12–14

Therefore, the in-hospital course of D-dimer and other coagu-
lation parameters may reflect disease activity in COVID-19
patients. Indeed, the velocity of D-dimer increase may predict
VTE in patients with cancer,15 whereas elevated D-dimer
levels during anticoagulation for VTE or after discontinuation
may predict recurrence.16 Our finding further supports the
notion that the dynamics of coagulation and inflammatory
biomarkers may be considered for integration in clinical risk-
assessment models for the management of patients with
COVID-198 and for use as surrogate outcomes in the early
stages of the clinical development of pharmaceuticals for
patients with COVID-19, especially in patients with no initial
biomarker elevation. In a broader perspective, one cannot
exclude that the lack of adequately validated tools to predict
deteriorationanddiagnoseVTE inpatientswithCOVID-1911,17

ultimately affects overall and cause-specific mortality on a
global scale.18,19

This is an exploratory analysis with limitations. First, the
associations observed do not imply causality. Second, biomark-
er measurements were at the discretion of the treating physi-
cians. This may have introduced some biases: patients
whose condition was worsening or failing to improve may
have undergone more frequent measurements than those
whose condition was improving. Accordingly, descending
slopes would be less likely to be observed than increasing
slopes, and their possible association with survival harder to
assess. Therefore, we only considered increasing or zero (con-
stant levels overhospitalization) slopes; still, our resultsmaybe
only relevant to patients with a stable or worsening condition.
Third, the small number of deaths limited formal evaluation of
the predictive performance of increasing slopes for death.
Likewise, we could not correlate our results with the type,
dose, and duration of anticoagulation because of the relatively
small number of patients using therapeutic anticoagulation.

In conclusion, higher levels and a higher velocity of
increase of D-dimer and CRP levels were observed in non-
survivors compared with survivors. This suggests that the

Fig. 1. In-hospital trends of D-dimer and C-reactive protein levels in
surviving and nonsurviving patients with COVID-19. Density plots of
the distribution of available values and locally estimated smoothed
lines (with 95% confidence Intervals) of the in-hospital course of D-
dimer (A) and C-reactive protein (B) in 577 patients with COVID-19
pneumonia with complete follow-up, stratified by outcome (433
survivors and 144 nonsurvivors). The dashed blue line and the dotted
blue line indicate the median and the interquartile range, respectively,
of the time to death in nonsurvivors. CRP, C-reactive protein.
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dynamics of D-dimer and CRP may help to monitor disease
activity. Their potential predictive value should be tested in
adequately sized studies that implemented a routine mea-
surement of these parameters.
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