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OBJECTIVES: Hypercoagulability may be a key mechanism for acute organ injury and death in 

patients with severe coronavirus disease 2019, but the relationship between elevated plasma levels 

of D-dimer, a biomarker of coagulation activation, and mortality has not been rigorously studied. 

We examined the independent association between D-dimer and death in critically ill patients with 

coronavirus disease 2019.

DESIGN: Multicenter cohort study.

SETTING: ICUs at 68 hospitals across the United States.

PATIENTS: Critically ill adults with coronavirus disease 2019 admitted to ICUs between March 

4, 2020, and May 25, 2020, with a measured D-dimer concentration on ICU day 1 or 2.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The primary exposure was the highest normalized 

D-dimer level (assessed in four categories: < 2×, 2–3.9×, 4–7.9×, and ≥ 8× the upper limit of 

normal) on ICU day 1 or 2. The primary endpoint was 28-day mortality. Multivariable logistic 

regression was used to adjust for confounders. Among 3,418 patients (63.1% male; median age 62 

yr [interquartile range, 52–71 yr]), 3,352 (93.6%) had a D-dimer concentration above the upper 

limit of normal. A total of 1,180 patients (34.5%) died within 28 days. Patients in the highest 

compared with lowest D-dimer category had a 3.11-fold higher odds of death (95% CI, 2.56–3.77) 

in univariate analyses, decreasing to a 1.81-fold increased odds of death (95% CI, 1.43–2.28) after 

multivariable adjustment for demographics, comorbidities, and illness severity. Further adjustment 

for therapeutic anticoagulation did not meaningfully attenuate this relationship (odds ratio, 1.73; 

95% CI, 1.36–2.19).

CONCLUSIONS: In a large multicenter cohort study of critically ill patients with coronavirus 

disease 2019, higher D-dimer levels were independently associated with a greater risk of death.
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As of October 15, 2020, the coronavirus disease 2019 (COVID-19) pandemic has infected 

over 38 million individuals globally (1). Emerging data suggest a hypercoagulable state 

exists in patients with COVID-19, particularly in those who are critically ill, which may 

contribute to the high morbidity and mortality observed in this population (2–4). These 

observations have led to intense research efforts into the clinical application of hemostasis 

biomarkers as risk factors for severe disease and therapeutic anticoagulation as a potential 

intervention to improve outcomes (5, 6). Understanding the clinical implications of 

abnormal markers of hemostasis independent of other risk factors in patients with 

COVID-19 remains an important knowledge gap, especially in the context of ongoing 

clinical trials of therapeutic anticoagulation (7, 8).

D-dimer is generated by the lysis of cross-linked fibrin monomers, and a high plasma 

concentration is indicative of repeated coagulation and fibrinolysis. Clinically, a high D-

dimer is usually considered a marker of coagulation activation but can also represent 

pathologic fibrinolysis (9). High D-dimer concentration has been previously described in 
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many severe illnesses, including other viral infections (10, 11), and is similarly associated 

with death in critically ill patients (12, 13).

Prior studies have suggested that high D-dimer level is a risk marker for mortality and 

thromboembolic events in patients with COVID-19 (14–16), and several investigators have 

hypothesized that elevated D-dimer levels can be used to help guide interventions such as 

therapeutic anticoagulation (17, 18). Despite these findings, the prognostic role of D-dimer 

in patients with severe illness from COVID-19 is not established. No study has rigorously 

assessed whether higher D-dimer levels are independently associated with mortality in 

patients with COVID-19 after accounting for other risk factors, including acute severity of 

illness and anticoagulation status. Additionally, prior studies were limited by modest sample 

size, limited generalizability (due to being single center), heterogeneous patient populations 

that included both critically ill and noncritically ill patients, and failure to consider the 

important differences between D-dimer assays used at different institutions (4, 14, 15, 19, 

20).

We used data from a large multicenter cohort study of critically ill patients with COVID-19 

to examine whether higher D-dimer levels are independently associated with a higher risk of 

death. These analyses aim to provide urgently needed context to the assessment of D-dimer 

elevation in patients with severe illness from COVID-19.

MATERIALS AND METHODS

Study Design and Data Collection

We used data from the Study of the Treatment and Outcomes in Critically Ill Patients with 

COVID-19 (STOP-COVID), a multicenter cohort study that enrolled consecutive adults with 

laboratory-confirmed COVID-19 admitted to participating ICUs at 68 hospitals across the 

United States (21). A list of all STOP-COVID participating sites is provided in Table S1 

(Supplemental Digital Content 1, http://links.lww.com/CCM/G206). Data were collected by 

study staff by detailed chart review and entered into a standardized electronic data collection 

form (Research Electronic Data Capture). All data were validated through a series of 

automated and manual checks. Variable definitions are further described in the Supplemental 

Methods (Supplemental Digital Content 1, http://links.lww.com/CCM/G206). STOP-COVID 

was approved with a waiver of informed consent by the Institutional Review Board (IRB) at 

each participating site (protocol number 2007000003 for the Mass General Brigham IRB).

Study Population

We included patients admitted to participating ICUs between March 4, 2020 and May 25, 

2020, with at least one measured D-dimer within 2 days following ICU admission. No 

formal sample size calculation was performed. For the primary analysis, patients were 

followed until the first of hospital discharge, death, or 28 days from ICU admission. Patients 

who were discharged alive from the hospital prior to 28 days were considered to be alive at 

28 days (we tested the validity of this assumption in a subset of patients, described in the 

Supplemental Methods, Supplemental Digital Content 1, http://links.lww.com/CCM/G206). 
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In the secondary analysis, patients were followed until the first of hospital discharge, death, 

or 90 days from ICU admission.

D-dimer Measurement and Normalization

D-dimer testing was ordered as part of routine clinical care, and measurements were 

performed according to each site’s standard laboratory procedures. To limit potential 

variability induced by differing practice patterns across hospitals, extreme values assessed 

by serial dilution were set to greater than or equal to the maximum value of assay linear 

range (Table 1).

To compare D-dimer measurements across assays, values were normalized by dividing the 

assay result by the assay-specific upper limit of normal (ULN) (Table 1). The unitless 

multiples of ULN were then analyzed as categories, guided by clinical recommendations, 

previous findings, and assay ranges: less than 2× ULN (reference group), 2–3.9× ULN, 4–

7.9× ULN, and greater than or equal to 8× ULN (7, 15).

Outcomes

The primary outcome was 28-day mortality. The secondary outcome was 90-day mortality.

Statistical Analysis

Primary Analysis.—Categorical variables are expressed as count and percentage, 

continuous variables are expressed as median and interquartile range. Multivariable logistic 

regression with complete case analysis was used to examine the association between D-

dimer and 28-day mortality. D-dimer was assessed as the highest value within 2 days 

following ICU admission. Our multivariable adjustment strategy was hierarchical and based 

on biological and clinical plausibility of covariates as potential confounders of the 

association between D-dimer and death. Model 1 was unadjusted. Model 2 was adjusted for 

the following demographics and comorbidities: age, sex, race, hypertension, diabetes 

mellitus, body mass index, coronary artery disease, congestive heart failure, chronic 

obstructive pulmonary disease, current smoking status, and active malignancy. Model 3 was 

further adjusted for time from symptom onset to ICU admission, as well as each of the 

following acute severity of illness covariates assessed within 2 days following ICU 

admission: lymphopenia (defined as lymphocyte count < 1,000 per mm3), shock (defined as 

requirement for ≥ 2 vasopressors), receipt of invasive mechanical ventilation, and the highest 

renal, liver, and coagulation Sequential Organ Failure Assessment (SOFA) scores. Model 4 

was further adjusted for medications impacting hemostasis, including receipt of therapeutic 

anticoagulants at home, as well as receipt of therapeutic anticoagulants, aspirin, and steroids 

within 2 days following ICU admission. Detailed definitions of model covariates are 

provided in the Supplemental Methods (Supplemental Digital Content 1, http://

links.lww.com/CCM/G206).

Data Completeness.—Data on body mass index were missing in 3.6% of patients and 

were not imputed. Lymphocyte count measurement was missing in 8.6% of patients and was 

modeled with a separate term, as these data may not have been missing at random. Data 
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pertaining to at least one SOFA component score were missing in 5.4% of patients and 

categorized as 0 (22– 24). All other data were complete.

Secondary Analysis.—We conducted similar analyses as above but extended the 

endpoint from 28- to 90-day mortality.

Sensitivity Analyses.—In a sensitivity analysis, we only included patients with D-dimer 

measured by the most common assay. In this analysis, D-dimer was considered both 

categorically, as above, and continuously. Restricted cubic splines were also used to examine 

the potential for a nonlinear relationship between D-dimer and death.

Mortality Risk Stratification.—In order to provide clinical context to these findings, we 

explored the ability of D-dimer to assist in risk stratification of death using a series of 

hypothetical patients. To do so, we fit additional logistic regression models to the cohort data 

and examined mortality risk with varying patient characteristics. Descriptions of these 

methods may be found in the Supplementary Appendix (Supplemental Digital Content 1, 

http://links.lww.com/CCM/G206). Analyses were performed using R (Version 3.4.6, R 

Foundation, Vienna, Austria).

RESULTS

Patient Characteristics

The initial study population included 4,949 patients from 68 centers, of whom 3,418 

(69.1%) from 66 centers had at least one D-dimer measured in the first 2 days following ICU 

admission. Patients with D-dimer measured had similar baseline characteristics as those 

without D-dimer measured but had higher rates of invasive mechanical ventilation and shock 

within 2 days of ICU admission (Table S2, Supplemental Digital Content 1, http://

links.lww.com/CCM/G206).

Among the 3,418 patients with a measured D-dimer, the median age was 62 years 

(interquartile range, 51–71 yr), 2170 (63%) were male, and 1,315 (38%) were White (Table 

2). Those with higher D-dimer levels were more likely to be male, non-White, and to have a 

prior diagnosis of hypertension and coronary artery disease compared with those in lower D-

dimer categories. Patients with higher D-dimer levels also had higher rates of invasive 

mechanical ventilation and shock and were more likely to have higher coagulation, renal, 

and liver SOFA scores on ICU admission compared with patients with lower D-dimer levels. 

Fewer patients with higher D-dimer levels were receiving therapeutic anticoagulants prior to 

hospitalization. However, in regard to in-hospital COVID-19 treatment, more received 

therapeutic anticoagulants and steroids within 2 days following ICU admission (Table 2).

D-dimer Distribution and Univariate Association With Mortality

D-dimer was measured by six common assays (Table 1). D-dimer levels were elevated in 

most patients, with only 221 patients (6.4%) having values below the ULN (Fig. 1A). 

Extreme D-dimer elevation was common, with 821 patients (24.0%) having values greater 

than or equal to the maximum value of the assay’s linear range.
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Within 28 days of ICU admission, 1,180 patients (34.5%) died, 1,341 (29.2%) were 

discharged alive, and 897 (26.3%) remained hospitalized. A greater proportion of survivors 

had D-dimer values less than 2× ULN compared with nonsurvivors (33.5% and 18.2%, 

respectively), whereas a greater proportion of nonsurvivors had D-dimer values greater than 

or equal to 8× ULN compared with survivors (21.3% and 17.7%, respectively) (Fig. 1A). 

Higher D-dimer category was associated with a greater risk of death across categories of 

age, sex, race, and body mass index (Fig. 1B–E).

A total of 1,485 patients (43.4%) had measured D-dimer values on both ICU days 1 and 2, 

including 149 patients (10.0%) with a higher value on day one, 367 patients (24.7%) with a 

higher value on day 2, and 969 patients (65.3%) with unchanging levels when assessed 

categorically. Crude mortality rates did not appreciably vary with rising D-dimer category 

(31.9%), falling D-dimer category (30.2%), or unchanging D-dimer category (31.5%).

Multivariable Association Between D-dimer and Mortality

Results of sequential logistic regression models examining the relationship between D-dimer 

and 28-day mortality are shown in Figure 2. In unadjusted analyses (Model 1), higher D-

dimer category was associated with a higher risk of death (odds ratio [OR], 3.11; 95% CI, 

2.56–3.77 for highest vs lowest D-dimer category). Adjustment for demographics and 

comorbidities (Model 2) slightly attenuated these associations (OR, 2.76; 95% CI, 2.23–3.43 

for highest vs lowest D-dimer category). Additional adjustment for acute severity of illness 

(Model 3) further attenuated this relationship (OR, 1.81; 95% CI, 1.43–2.28 for highest vs 

lowest D-dimer category). Additional adjustment for medications impacting hemostasis, 

including therapeutic anticoagulation (Model 4), only minimally altered this relationship 

(OR, 1.73; 95% CI, 1.36–2.19 for highest vs lowest D-dimer category). The associations 

between each of the covariates included in the final model and death are shown in Figure S1 

(Supplemental Digital Content 1, http://links.lww.com/CCM/G206).

Secondary Analyses—90-Day Mortality

Results were similar for models assessing mortality at 90 days after ICU admission, by 

which time 1,353 patients (39.6%) died, 2,029 (59.4%) were discharged alive, and 36 (1.0%) 

remained hospitalized (Table S3, Supplemental Digital Content 1, http://

links.lww.com/CCM/G206).

Sensitivity Analyses

Interpretations were similar in models restricted to the 1,111 patients with D-dimer 

measured with the most common assay (STA Liatest [Diagnostica Stago SAS, Asnières sur 

Seine, France]; fully adjusted OR, 1.65; 95% CI, 1.06–2.57 for highest vs lowest D-dimer 

category) (Table S4, Supplemental Digital Content 1, http://links.lww.com/CCM/G206). 

When considering D-dimer continuously in these patients, each 500 ng/ mL fibrinogen 

equivalence units increase (corresponding with the ULN for this assay) was associated with 

a 1.05-fold increased odds of death (95% CI, 0.99–1.11) in a fully adjusted model (Table S5, 

Supplemental Digital Content 1, http://links.lww.com/CCM/G206). Restricted cubic spline 

plots did not reveal a nonlinear relationship between D-dimer and mortality (Fig. S2, 

Supplemental Digital Content 1, http://links.lww.com/CCM/G206).
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D-dimer and Mortality Risk Stratification

Figure S3 (Supplemental Digital Content 1, http://links.lww.com/CCM/G206) shows the 

predicted risk of mortality in hypothetical patients. In four hypothetical patients with 

characteristics prespecified based on clinical knowledge (Fig. S3A, Supplemental Digital 

Content 1, http://links.lww.com/CCM/G206), the added value of D-dimer in risk stratifying 

patients was most apparent for the intermediate (moderate and high risk) patients, whereas 

only a modest effect was observed for the extreme (low and very high risk) patients.

These trends were also observed when risk was predicted in 10,000 hypothetical patients 

with randomly generated characteristics (Figure S3B, Supplemental Digital Content 1, 

http://links.lww.com/CCM/G206). D-dimer elevation (highest vs lowest category) was 

associated with an absolute mortality risk increase of up to 20.5% in intermediate-risk 

patients, whereas it was less useful in predicting death in patients with very low- or very 

high–pretest probability.

DISCUSSION

In this multicenter cohort study of 3,418 critically ill patients with COVID-19, D-dimer 

elevation was common, with over 90% of patients having plasma concentrations above the 

ULN on ICU days 2 or 2. Higher D-dimer levels were independently associated with an 

increased risk of death, even after adjustment for many baseline and severity of illness 

characteristics and medications, including receipt of therapeutic anticoagulation. The added 

value of D-dimer in risk stratifying patients for death was most apparent for intermediate-

risk patients as compared to low- or very high–risk patients.

Several studies have described elevated D-dimer levels in patients with severe illness from 

COVID-19, including the finding that higher D-dimer levels associate with worse outcomes 

(3, 4, 14, 15, 19, 25, 26). Most of these studies, however, were single center and had only a 

modest sample size. Additionally, many of these studies did not report the basic 

characteristics of the D-dimer assay used, including the name of the manufacturer, its ULN 

and upper limit of detection cutoff values, and the units of measurement. These limitations 

make it nearly impossible to harmonize the results reported across studies, a topic that has 

been described in detail elsewhere (27, 28). Most importantly, few studies have examined 

whether D-dimer is independently associated with mortality after comprehensively 

accounting for severity of illness, as we did here.

It is unknown whether elevated D-dimer levels reflect a hypercoagulable state unique to 

COVID-19, since elevated D-dimer levels have been similarly observed in other respiratory 

infections (11, 29) and in critical illness in general (10). However, the assessment of D-

dimer has become particularly common in COVID-19, as elevated levels have been used to 

justify initiation of therapeutic anticoagulation or dose adjustment of prophylactic/

intermediate-dose anticoagulation (14, 30). The benefit of therapeutic anticoagulation in 

patients with COVID-19 is currently unclear and awaits the results of ongoing randomized 

controlled trials, several of which rely upon D-dimer elevation as an inclusion criterion 

(ClinicalTrials.gov NCT04401293, NCT04359277, and NCT04377997).
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Our results indeed show that higher D-dimer levels are independently associated with a 

greater risk of death, but adjustment for early initiation of therapeutic anticoagulation did not 

attenuate risk. There are several possible explanations for this finding. Higher D-dimer 

levels may be a general marker of disease severity rather than reflective of a unique 

pathophysiology driving mortality. Alternatively, elevated D-dimer levels could be indicative 

of a hypercoagulable state, but initiation of therapeutic anticoagulation with an elevated D-

dimer may be too late to alter the pathologic process. Finally, given the observational design, 

it is possible that the decision to initiate (or not initiate) therapeutic anticoagulation could 

have been confounded by other factors that were unmeasured or unaccounted for in our 

analyses, which could have obscured our ability to detect benefit (or harm) from therapeutic 

anticoagulation.

In our view and based on available data, D-dimer elevation alone may not be an appropriate 

indication for initiation of therapeutic anticoagulation in patients with severe illness from 

COVID-19. Although anticoagulation reduces the mortality of pulmonary emboli (31), the 

role of anticoagulation in microangiopathic hemolytic anemias seen in other infections and 

autoimmune diseases is not established. Additionally, randomized trials prior to the 

COVID-19 pandemic did not shown a clear benefit for therapeutic anticoagulation in 

critically ill patients with elevated D-dimer levels (32). D-dimer elevation is clearly a risk 

marker for mortality in multiple patient populations, but whether D-dimer reflects a 

thrombotic pathophysiology where intervention can reduce mortality is uncertain.

Our results are consistent with and expand on previous findings that elevated D-dimer 

concentrations are associated with increased mortality in critically ill patients with 

COVID-19. However, it remains unclear whether elevated concentrations of D-dimer are 

simply indicative of overall severity of illness or if they reflect a unique pathophysiology 

related to a hypercoagulable state leading to mortality. The distinction is of critical 

importance, since the latter can potentially be targeted therapeutically. Our models indicate 

that D-dimer and illness severity are indeed correlated, as noted by the attenuation in the 

strength of association between D-dimer and death after adjustment for a large number of 

severity of illness factors. Nonetheless, D-dimer remained independently and strongly 

associated with death despite comprehensive adjustment for severity of illness, consistent 

with elevated D-dimer representing an underlying pathophysiology contributing to adverse 

outcomes. D-dimer elevation may reflect underlying hypercoagulability, pathologic 

fibrinolysis, inflammatory processes, or may itself be pathogenic (9, 11, 13, 33–35). This 

study represents a step toward understanding the prognostic role of D-dimer in COVID-19, 

but further basic science/translational mechanistic work, along with ongoing clinical trials, 

will provide additional answers to fundamental questions related to D-dimer 

pathophysiology.

Although our findings support a role for D-dimer as a risk marker for COVID-19 mortality, 

it is important to consider for whom D-dimer results may be most useful. Our results show 

D-dimer level was not particularly helpful in predicting mortality risk for low- or very high–

risk patients, whereas it had modest utility in predicting mortality in intermediate-risk 

patients. As with all tests, consideration of baseline risk and pretest probability is likely very 

important in determining D-dimer’s utility in this patient population.
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Interpretation of D-dimer levels, both in COVID-19 and other contexts, has been particularly 

affected by heterogeneity between assays. These differences are often incompletely 

considered, as evidenced by the numerous issues noted in the current COVID-19 literature 

on D-dimer (27, 28). We propose a novel methodology to compare D-dimer results across 

assays by standardizing the results with the ULN. Although our primary findings closely 

aligned with results limited to the most commonly used D-dimer assay, there is no single 

standard approach to harmonizing data from different D-dimer assays.

This study has several strengths. First, we used granular data from a large cohort of 

consecutive ICU patients admitted to geographically diverse hospitals across the United 

States. Second, all data were collected by manual chart review rather than reliance on 

administrative or billing codes, which have well-described limitations (36). Finally, we 

attempted to normalize D-dimer values to limit interassay variability in results.

We also note several limitations. First, D-dimer results are not readily comparable between 

assays, and there are few established procedures for normalizing D-dimer data (9). However, 

our normalized results corrected for differing dilution measurement practices across six 

assays closely matched the analyses limited to the most commonly used assay in our cohort. 

Second, our results are limited to patients who had a D-dimer measured for routine clinical 

purposes. However, we found that patients with D-dimer measured had overall similar 

baseline characteristics as those without D-dimer measured (Table S2, Supplemental Digital 

Content 1, http://links.lww.com/CCM/G206). Additionally, our models are not adjusted for 

other markers of abnormal hemostasis, such as fibrinogen, prothrombin time, partial 

thromboplastin time, and international normalized ratio, due to data missingness. Finally, 

clinical use of D-dimer may have varied across sites and over time, with the potential for 

increasing use of therapeutic anticoagulation over time. This likely did not impact our 

results, however, as adjustment for therapeutic anticoagulation did not affect the observed 

association between D-dimer and mortality.

CONCLUSIONS

In conclusion, in this multicenter cohort study of critically ill adults with COVID-19 

admitted to ICUs across the United States, higher D-dimer was independently associated 

with a greater risk of death. The added value of D-dimer in risk stratifying patients for death 

was most apparent for intermediate-risk patients as compared to low- or very high–risk 

patients. These data should not be used to justify anticoagulation as a means to reduce 

mortality in this population, but as further evidence that D-dimer is a risk marker for 

mortality. Further studies are needed to examine whether therapies targeting the proposed 

hypercoagulable state in critically ill patients with COVID-19 can reduce the high mortality 

observed in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
D-dimer distribution and correlates with mortality. A, The relative frequencies of D-dimer 

levels, defined as the highest value measured within two days following ICU admission, by 

28-day mortality status. B-E, Correlation of D-dimer categories with death by age, sex, race, 

and body mass index (BMI) categories, respectively. ULN = upper limit of normal.
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Figure 2. 
Logistic regression models for 28 d mortality by D-dimer category. Model 1 is unadjusted. 

Model 2 is adjusted for age, sex, race, body mass index, diabetes mellitus, hypertension, 

coronary artery disease, chronic obstructive pulmonary disease, current smoking status, and 

active malignancy. Model 3 is further adjusted for receipt of invasive mechanical ventilation, 

shock, and the renal, coagulation, and liver components of the Sequential Organ Failure 

Assessment score, each assessed within the first 2 d following ICU admission. Model 4 is 

further adjusted for home anticoagulation as well as receipt of therapeutic anticoagulation, 

aspirin, and steroids in the first 2 d following ICU admission. Covariates are further defined 

in the Supplemental Methods (Supplemental Digital Content 1, http://links.lww.com/CCM/

G206). ULN = upper limit of normal.
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