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Abstract
Background: COVID-19 is a new form of acute respiratory failure leading to multiorgan failure and ICU admission. Gathered
evidence suggests that a 3-fold rise in D-dimer concentrations may be linked to poor prognosis and higher mortality.
Purpose: To describe D-dimer admission profile in severe ICU COVID19 patients and its predictive role in outcomes and
mortality.
Methods: Single-center retrospective cohort study. All adult patients admitted to ICU with COVID19 were divided into 3
groups: (1) Lower-values group (D-dimer levels < 3-fold normal range value [NRV] [500ng/mL]), Intermediate-values group
(D-dimer ≥3-fold and <10-fold NRV) and Higher-value group (≥10-fold NRV).
Results: 118 patients (mean age 63 years, 73% males) were included (N= 73 Lower-values group, N= 31 Intermediate-values
group; N= 11 Higher-values group). Mortality was not different between groups (p= 0.51). Kaplan-Meier survival curves
revealed no differences (p= 0.52) between groups, nor it was verified even when gender, age, ICU length of stay, and SOFA
score were considered as covariables.
Conclusions: In severe COVID19 patients, the D-dimer profile does not retain a predictive value regarding patients’ survivabil-
ity and should not be used as a surrogate of disease severity.
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Introduction
COVID-19 is a new and complex form of hypoxemic acute respi-
ratory failure caused by the new SARS-CoV-2, ultimately leading
to severe acute respiratory distress syndrome, multiorgan failure,
and death. Evidence collected collectively worldwide has shed
light on several pathophysiological mechanisms and has identified
a potentially pro-coagulant state, which is biochemically detected
by prolonged prothrombin, increased fibrinogen and high D-dimer
levels.1 These biological markers potentially represent clear signs
of activation of coagulation pathways and thrombosis, pointed as
preponderant in the early stages of the disease.2
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Actual European Society of Cardiology and American
Society of hematology guidelines currently recommend the
use of highly sensitive assays of d-dimer serum level to
exclude venous thromboembolism due to its high negative pre-
dictive value.3,4 COVID19 patients frequently present a high
titer of d-dimer serum levels at admission and during the hospi-
tal stay. In fact, a 3 to 4-fold rise in D-dimer concentrations has
even been associated with the development of more severe
acute respiratory distress syndrome, a higher risk for admission
to intensive care unit (ICU), and a poor prognosis.5‐8

Therefore, it has been hypothesized that this biomarker may
be used in severe COVID19 patients with acute respiratory
failure to predict disease severity and signaling subsets of
patients with higher mortality rates, independent of the occur-
rence of venous thromboembolism events.9‐11

This study aimed to describe the D-dimer admission profile
in severe COVID19 patients admitted to ICU and analyze its
predictive role regarding clinical outcomes and mortality rate.

Methods

Study Design and Population
A single-center prospective observational cohort study was
conducted over a 9-month consecutive period between March
2020 and January 2021. Data were collected from consecutive
adult patients, admitted to ICU, using patients’ electronic
medical records, in Centro Hospitalar Lisboa Ocidental, in
Lisbon, Portugal. The study was approved by the National
Ethics Committee for Clinical Research (reference REC:
2020_EO_02).

Eligibility criteria included (1) age equal to or above 18
years old, (2) COVID19 respiratory infection diagnosed using
clinical and radiological criteria of pulmonary involvement
with a SARS-CoV-2 positive RT-PCR test, and (3) admission
to an ICU with multiorgan failure secondary to COVID19 pneu-
monia, described as the development of potentially reversible
physiological derangement involving two or more organ
systems or change in baseline of Sequential Organ Failure
Assessment (SOFA) score of 2 points or more.

Patients included in the analysis were further divided accord-
ing to D dimer serum levels at admission into three groups:
Lower-values group (D-dimer levels at ICU admission <
3-fold normal range value [500ng/mL]), Intermediate-values
group (D-dimer levels at ICU admission ≥3-fold and
<10-fold normal range value) and Higher-value group
(D-dimer levels at ICU admission ≥10-fold normal range
value).

All patients received low molecular weight heparin therapy,
either with prophylactic or therapeutic dose, according to
formal clinical indication.

Data Collection and End-Points
Patient demographic characteristics were recorded at baseline
for all patients including comorbidities and SOFA score at

admission. Daily measurements of vital signs (including
minimum mean arterial pressure and maximum respiratory
rate), ventilation variables (including minimum ratio partial
pressure arterial oxygen and the fraction of inspired oxygen
and time of ventilation in prone position), hemodynamic
support (including the use of vasopressor therapy and
maximum dosage of vasopressor support), renal replacement
therapy, laboratory variables (including d-dimer, hemoglobin,
troponin I, lactate, C-reactive protein, and procalcitonin
levels), prescribed therapies (remdesivir and dexamethasone)
and outcomes (discharge alive or death in ICU) were also col-
lected for every admitted patient to statistical analysis.

Primary outcomes included in-hospital mortality and 28-day
mortality. As secondary outcomes, ventilator-free days and
vasopressor-free days at day 28 were determined.

Statistical Analysis
All Gaussian distributed variables were expressed as mean
(SD), and nonnormally distributed variables as median (inter-
quartile range [IQR]). Categorical variables were expressed as
numbers and percentages.

Chi-square test was used for categorical variables, and t-test
and Kruskal-Wallis were used on continuous variables for stat-
istical assessment of outcomes between groups. Kaplan-Meier
survival curve and log-rank test were also obtained to ascertain
and compare survival between groups.

Cox proportional hazards regression analysis was per-
formed. Univariate analysis was performed first and only vari-
ables showing significant results in univariate analysis were
included in calculating the adjusted hazard ratio.

To assess the ability of the d-dimer serum level in predicting
the primary endpoints, diagnostic performances were calculated
and receiver operating characteristic (ROC) curves were con-
structed to ascertain the corresponding area under the ROC
curve (AUROC).

In all the hypothesis tests, a p-value of less than 0.05 was
considered for statistical significance and usual confidence
intervals of 95% were chosen.

Results
In total, 118 patients were included during the study period, 76
(64.4%) in the Lower-values group, 31 (26.3%) in the
Intermediate-values group, and 11 (9.3%) in the Higher-value
group. Patients’ baseline characteristics are summarized in
Table 1.

The population analyzed had a mean age of 63.3 (± 13.1)
years, with 73.7% of males (87 patients), a mean body mass
index of 28.2 (± 4.9) and a mean length of COVID19 symp-
toms at UCI admission of 8.6 days, without differences across
the three groups.

The Lower-values, the Intermediate-values and the
Higher-values groups were not different in what concerns the
need for hemodynamic support, respiratory support and renal
replacement therapy. Similarly, they did not differ statistically
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in biomarkers serum levels registered during ICU stay, such as
maximum lactate, C-reactive protein and procalcitonin, and
minimum hemoglobin and platelet count. In contrast, the
maximum d-dimer level registered during ICU stay was differ-
ent in the three analyzed groups (6463 ng/mL vs 9377 ng/mL vs
32114ng/mL, respectively, p < 0.0001).

The analysis of the defined primary outcomes revealed
overall in-hospital mortality of 23.7% (28 patients) (Table 2).
Despite the trend to higher in-hospital mortality in the
Higher-values group, these values did not differ between
the groups (21% in the Lower-values group vs 25.8% in the
Intermediate-values group vs 36.4% in the Higher-values
group, p= 0.510). The Kaplan-Meier survival curves at day
28 showed no difference between the 3 groups (log-rank test
of 0.524) (Figure 1).

The results of univariate Cox regression performed consider-
ing d-dimer serum level at ICU admission or maximum d-dimer
serum level registered also did not show any significant hazard
ratios when analyzed individually (hazard ratio 1.000, 95%
Confidence Interval [CI]I 1.0-1.0, with p= 0.583 and p=
0.706 respectively), or even when adjusted for gender, age,
ICU length of stay and SOFA score at admission.

In order to account for a small sample in the Higher-values
group, another survival analysis was made dividing patients
according to d-dimer levels at ICU admission < 3-fold normal
range value versus >3-fold normal range value. Mortality was
not different between these two groups (mortality rate 14,5%
vs 19%, respectively, p= 0.517).

In the analyses of the secondary outcomes, the collected data
did not show statistical difference between the three groups in
ventilator free-days and vasopressor free-days at day 28 (p=
0.692 and p= 0.699, respectively).

The AUROC curves for prediction of 28-day mortality rate
by d-dimer serum level at ICU admission and maximum
d-dimer serum level registered were constructed and are
present in Figure 2. The AUROC for d-dimer serum level at
ICU admission was 0,57 (95% CI: 0.422-0.714) and for
maximum d-dimer serum level registered was 0.47 (95% CI:
0.314-0.616).

Discussion
Due to the complexity of COVID19 pathophysiology and the
uncertainty still surrounding this disease, it has become prepon-
derant the identification of reliable clinical biomarkers to cor-
rectly and promptly identify patients more prone to poor
outcomes and with higher mortality rates. The previously col-
lected data has indicated a high tier of d-dimer serum level on
COVID19 patients and has linked the COVID19 driven
pro-inflammatory state and hypoxia to the unregulated activa-
tion of the coagulation cascade and the hypoxia-inducible tran-
scription factor-dependent signaling pathway.12 This evidence
has motivated an increasing number of heterogeneous studies
with not agreeable results regarding the ability of d-dimer
serum levels in predicting poor prognosis and mortality in
COVID19 patients.13‐16

Table 1. Demographic and primary clinical characteristics in the Lower-values group, Intermediate-values group and Higher-values group.

Lower-values
group
(n= 76)

Intermediate-values
group
(n= 31)

Higher-values
group
(n= 11) p

Age, years (mean± sd) 63.2± 13 64.5± 12.6 59.8± 15.6 0.641
Gender, males (n, %) 58 (76.3%) 20 (64.5%) 9 (81.8%) 0.369
Body mass index (mean± sd) 27.9± 5.1 28.7± 5.1 28.1± 4.3 0.813
Length of COVID19 symptoms at ICU admission, days (mean±
sd)

9.3± 6.9 7.4± 4.4 7.7± 6 0.522

SOFA at admission (median [IQR]) 4 (2;7) 4 (2;8) 7 (2.5; 8.75) 0.609
Mechanical Ventilation (n, %) 43 (56.6%) 18 (58%) 7 (63.6%) 0.905
Length of mechanical ventilation, days (median [IQR]) 4.5 (0; 17.8) 4 (0;19) 7 (0; 17) 0.982
Minimum paO2/FiO2 registered (mean± sd) 133.4± 81.7 139.6± 94.3 118.8± 79.5 0.868
Ventilation in prone position, hours (median [IQR]) 58.3 (0; 105.3) 74.6 (0; 82) 55.5 (0; 72) 0.699
Vasopressor Support (n, %) 41 (53.9%) 19 (61.2%) 7 (63.6%) 0.699
Minimum Blood Pressure registered, mmHg (mean± sd) 53.7± 9.7 56.6± 14.2 54.1± 11.9 0.856
Maximum dose of Vasopressor therapy, µg/Kg (median [IQR] 6.6 [0; 26.4] 9.9 [0;23.1] 13.4 [0; 39.6] 0.675
Maximum serum lactate level, mg/dL [median [IQR] 1.9 [1.4; 2.6] 1.7 [0.9; 2.5] 1.8 [1.6; 3.1] 0.238
Maximum troponin level, ng/mL [median [IQR]] 28.5 [11.3; 76.8] 47 [13; 93] 33 [15; 194] 0.577
Minimum hemoglobin level, g/dL [mean± sd] 9.7± 2.5 10± 2.4 9.8± 2.9 0.777
Minimum platelet count registered,× 103/uL [mean± sd] 179± 78.3 181± 82.7 150± 98.7 0.639
C-Reactive protein, mg/dL [mean± sd] 26.7± 11.9 24.4± 9.9 21.3± 9.9 0.287
Procalcitonin, ng/mL [median [IQR] 1 [0.2; 5.8] 1.1 [0.3; 3.3] 0.95 [0.24; 15.3] 0.795
Remdesivir [n, %] 41 [54%] 12 [38.7%] 2 [18.2%] 0.05
Corticosteroid therapy [n, %] 26 [34%] 9 [29%] 3 [27.3%] 0.816
Renal support therapy [n, %] 18 [23.6%] 8 [25.8%] 5 [45.5%] 0.308

*IQR denotes Interquartile range.
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Our study clearly shows that d-dimer serum levels are not a
good surrogate marker of severity in COVID19 patients nor
does it reliably stratify patients according to risk mortality.
Irrespective of the d-dimer level at ICU admission or maximum
d-dimer level registered during ICU length of stay, patients ana-
lyzed did not differ at in-hospital mortality, at 28-day mortality
or secondary outcomes as ventilation-free days and vasopressor-
free days. Furthermore, patients in the three groups did not
differ in the rate of hemodynamic, respiratory and renal support
therapies and they were comparable in age, gender, body mass
index, SOFA score at admission, length of COVID symptoms at
ICU admission and ICU length of stay.

A meta-analysis done by Gungor et al. concluded that
patients with elevated d-dimer on admission had a higher
mortality risk (relative risk 1.82) and disease severity (rela-
tive risk of 1.58) when compared to patients with d-dimer
levels in the normal range values. However, the authors
report a high heterogeneity of the analyzed retrospective
observational studies and an inability to truly ascertain the
prognostic value of d-dimer serum level when adjusted to
other properties of the studied population (as age, respiratory
and vasopressor support) due to lack of data available on
patients’ characteristics in those studies.17 Another similar
meta-analysis also described worse clinical outcomes in

Table 2. Primary and secondary outcomes in Lower-values group, Intermediate-values group and Higher-values group.

Lower-values
group
(n= 76)

Intermediate-values
group
(n= 31)

Higher-values group
(n= 11) p

D-dimer levels at ICU admission, ng/mL (mean± sd) 902± 328.9 2455± 951.8 25711± 23529 <0.0001
Maximum D-dimer level registered, ng/mL (median
[IQR])

2096 (1272; 6938) 4516 (2428; 10711) 23529 (16514; 57742) <0.0001

Ventilator free-days at day 28 (mean± sd) 15.9± 12.3 14.7± 12.2 13.5± 12.2 0.692
Vasopressor free-days at day 28 (mean± sd) 17.7± 12.2 17.1± 12.2 16.2± 13.1 0.699
ICU length of stay, days (mean± sd) 15.8± 13.8 13.5± 11.4 13.1± 8.7 0.774
In-Hospital mortality rate (n, %) 16 (21%) 8 (25.8%) 4 (36.4%) 0.510

* IQR denotes Interquartile range.

Figure 1. Kaplan-Meier Survival curves of Lower-values group, Intermediate-values group and Higher-values group.
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COVID19 patients with elevated d-dimer serum levels.18 In
this study the reported clinical outcome referred to a compo-
sition of all-cause mortality, ICU admission and acute respi-
ratory distress syndrome occurrence and the heterogeneity
index of the studies included was found to be relatively
high (I2 statistic 98%). Our study suggests that the magni-
tude d-dimer serum level is not associated with a higher mor-
tality or poorer outcomes, even in COVID patients
comparable in their baseline, clinical and therapeutical
characteristics.

Several studies have also attempted to ascertain the accuracy
of d-dimer serum levels in defining the prognosis of COVID19
patients, although with contrasting results. Poudel A. et al.
recently reported a value of AUC of ROC curve of d-dimer
serum levels of 0.807.19 However, our data describe a poor
ability of d-dimer serum level at admission (AUC 0.57) and
maximum d-dimer level registered during ICU length of stay
(AUC 0.47) to predict survivability of severe COVID19
patients. These reported values are in accordance with the
majority of published data defining a poor discriminatory
ability of d-dimer serum levels with AUC <0.7.13‐15

Our study provides evidence that d-dimer serum level is not
a good predictor of in-hospital mortality of COVID19 patients
and probably stands as a derived inflammatory biomarker,
rather than a severity index. This is further reinforced by
recent evidence that has shown that d-dimer serum level in
COVID19 patients is not reliably associated with pulmonary
embolism and this VTE event occurrence probably does not
increase patients’ mortality, considering its usual involvement
of smaller pulmonary arteries.20 Therefore, our data suggest
that d-dimers should not be used for clinical-decision making,
including anticoagulation therapy without formal clinical indi-
cation, or to limit adequate resuscitation and therapeutic
support to these patients, considering its inability to correctly
define their poor outcome.

Recent data has hypothesized that linear modeling of
d-dimer serum levels during hospital admission may offer a
better prognostic value than admission to d-dimer serum level
per se,21 but more evidence is required.

This study strengthens its results with a robust structure and
data prospectively collected. Moreover, the homogeneity of
supportive care across the compared groups limits some

Figure 2. ROC curves for prediction of 28-day mortality rate by d-dimer serum level at ICU admission and maximum d-dimer serum level
registered.

Cidade et al. 5



potential biases on the analyzed outcomes. Furthermore, this
study has taken into account time from illness presentation to
ICU admission and has used the same d-dimer measurement
method, limiting bias due to the use of different equipment
and methods. However, it is not without some limitations. It
is a single-center study, with relatively small sample size.
Moreover, the potential complications during ICU stay that
could justify high d-dimer levels, not directly related to
COVID19 infection, were not registered.

Conclusion
In severe COVID19 patients, the d-dimer serum level profile
does not accurately predict poor outcomes and mortality rate,
and therefore we suggest that it should not be used for clinical-
decision making or to limit adequate resuscitation and therapeu-
tic support to these patients. Considering the importance of
early recognition of severe COVID19 patients to improve
their survival, d-dimer serum level determination does not
add clinical value to individual clinical evaluation in patients’
risk stratification.
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