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Introduction: Variable D-dimer trends during hospitalization reportedly result in
distinct in-hospital mortality. In this multinational case series from the first and
second waves, we show the universality of such D-dimer trends.

Methods: We reviewed 405 patients with COVID-19 during the first wave admitted
to three institutions in the United States, Italy, and Colombia, and 111 patients
admitted to the U.S. site during the second wave and 55 patients during the third
wave. D-dimer was serially followed during hospitalization.

Results: During the first wave, 66 (15%) patients had a persistently-low pattern,
33 (8%) had early-peaking, 70 (16%) had mid-peaking, 94 (22%) had fluctuating, 30
(7%) had late-peaking, and 112 (26%) had a persistently-high pattern. During the
second and third waves, similar patterns were observed. D-dimer patterns were
significantly differentin terms of in-hospital mortality similarly in all waves. Patterns
were then classified into low-risk patterns (persistently-low and early-peaking),
where no deaths were observed in both waves, high-risk patterns (mid-peaking
and fluctuating), and malignant patterns (late-peaking and persistently-high).
Overall, D-dimer trends were associated with an increased risk for in-hospital
mortality in the first wave (overall: HR: 1.73) and stayed the same during the second
(HR: 1.67, p < 0.001) and the third (HR: 4.4, p = 0.001) waves.

Conclusion: D-dimer behavior during COVID-19 hospitalization yielded universal
categories with distinct mortality risks that persisted throughout all studied waves
of infection. Monitoring D-dimer behavior may be useful in the management of
these patients.
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Introduction

Coronavirus disease 2019 (COVID-19) has been reportedly
associated with a hypercoagulable state (1). An increase in fibrin
degradation products (D-dimer) linked to a thrombotic state is
an integral part of the COVID-19 laboratory signature (2). While
clinical trials evaluating the benefit of anticoagulation are underway
(3), strategies to prevent or mitigate thrombosis in these patients
are currently based on limited evidence. COVID-19, however, has
a wide range of symptoms and severity, and is demographically,
clinically, and pathologically heterogeneous (4). One aspect of such
heterogeneity can be represented by the behavior of the D-dimer
levels throughout the hospitalization with COVID-19. We recently
reported that the variation in D-dimer trends during the hospital
course involves specific trends that resulted in distinct patterns of
in-hospital mortality. Here, we report a multicenter case series from
infection waves during different time points in which we show the
universality of such D-dimer trends and their risk (5).

Methods

In a retrospective study protocol, we defined different waves
of increased infection rates during the pandemic according to the
Center for Disease Control and Prevention statistics as published
on their website (6). The curves reported by the CDC for the
total number of weekly newly reported cases in New York State
were examined. The first three peaks with stable plateaus of low
reported number in-between were identified, and the onset and
offset of each of these curves were identified as the time threshold
for each wave. Figure 1A shows the curves for the first three waves
as produced by the CDC website and the time thresholds for
each wave. Accordingly, the first wave was defined as the period
between 25 March 2020 and 31 June 2020. The second wave of
the pandemic was defined as the period between 1 November 2020
and 30 April 2021. The third wave of the pandemic was defined as
the period between 1 July 2021 and 31 October 2021. We scanned
patients admitted with PCR-confirmed COVID-19 in the first wave
period admitted to three different institutions representing three
different continents (North America, Europe, and South America)
[BronxCare Health System, New York, USA (New York site);
IRCCS Istituto Auxologico Italiano, Milan, Italy (Milan Site); and
Hospital San Ignacio, Bogota, Colombia (Bogota site)]. Patients
who had their D-dimer followed during hospitalization (>4 levels)
until the outcome of the hospitalization (death or discharge) were
included in the study. Moreover, patients admitted to the New York
site in the second and third wave periods were also included in the
study if they had their D-dimer followed during the hospitalization
similar to those described earlier.

D-dimers were classified into six different trend categories
(Figure 1B) based on the behavior during hospitalization: (a)
persistently-low: if D-dimer levels during admissions were
<1,000ng/ml and stayed below 1,000ng/ml throughout the
hospitalization, (b) early-peaking: D-dimer on admissions was
>1,000ng/ml and immediately or progressively normalized
to levels <1,000ng/ml and stayed low for the rest of
the hospitalization, (c) mid-peaking: D-dimer levels were
admission, however, levels

<1,000 ng/ml  on peaked to
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>1,000 ng/ml during the hospitalization, and then immediately
decreased and stayed low for the rest of the hospitalization, (d)
fluctuating: D-dimer levels were either low or normal during
admission, however, with multiple rises and falls >1,000 ng/ml
during the hospital course, (e) late-peaking: D-dimer levels that
were <1,000ng/ml on admission and stayed low throughout
the hospitalization, however, exhibited sudden rise to levels
>1,000 ng/ml at the end of the encounter, and (f) persistently-high:
D-dimer levels >1,000ng/ml on admission that stayed high
throughout the hospitalization. Figure 2 illustrates examples of
patients’ D-dimer trends.

Statistical analyses

Categorical data are presented as numbers (%) and were
compared using the chi-square test. Continuous data are presented
as mean £ SD. Data were tested for normality using the
Kolmogorov-Smirnov and Shapiro-Wilk tests, and accordingly,
continuous data were compared using the t-test or analysis of
variance (ANOVA) if they were normally distributed or the
Mann-Whitney U-test if they were not normally distributed. Cox
regression models and Kaplan-Meier survival curves were used to
test the difference in cumulative in-hospital mortality. Differences
were considered statistically significant at p < 0.05. All analyses will
be performed with commercially available software (SPSS, version
23.0; SPSS, Inc).

Results

During the first wave, 3,203 patients were reviewed (New York
site: 1,207, Milan site: 1,160, Bogota site:836 patients) of whom
405 patients had serial D-dimer measurements and were included
from the first wave from the three institutions (149 from New York
site, 161 from Milan site, and 95 from Bogota site). Moreover, 700
patients were reviewed from the New York Site during the second
wave, with 111 patients having serial D-dimer measurements and
being included, and 104 patients were reviewed from the New York
Site during the third wave, with 55 patients having serial D-dimer
measurements and being included.

Comparisons between the patients from the first, second, and
third waves and the populations from the three institutions are
summarized in Tables 1, 2. Briefly, patients in the second wave
were more likely to be women, had less anticoagulation, more
mechanical ventilation, and in-hospital deaths, while admission D-
dimer was not different between the three waves. When patients
from different institutes included in the first wave were compared,
it was found that patients from the New York site had the
highest BMI, highest mechanical ventilation, and in-hospital death.
In contrast, patients from the Milan site were the oldest, most
frequently male subjects, with the longest symptom onset to
hospital admission and the longest hospital stay; while patients
from Bogota were younger and more frequently female subjects,
with the shortest symptom onset to hospital admission, the shortest
hospital stay, and the most frequent anticoagulation use. It is
important to note that the admission D-dimer from the three sites
was not different.
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FIGURE 1
Study timelines and protocol. (A) Number of patients involved in the study at each center according to the defined time points in the first, second,
and third waves. (B) Schematic representation of in-hospital D-dimer patterns observed in our study. Persistently-low: if D-dimer levels during
admission were below 1,000 ng/ml and stayed below 1,000 ng/ml throughout the hospitalization. Early-peaking: D-dimer levels on admissions were
>1,000 ng/ml and immediately normalized to levels <1,000 ng/ml and stayed low for the rest of the hospitalization. Mid-peaking: D-dimer levels
were <1,000 ng/ml on admission, however, peaked at levels >1,000 ng/ml during the hospitalization, and then immediately decreased and stayed
low for the rest of the hospitalization. Fluctuating: D-dimer levels were either low or normal during admission, however, with multiple rises and falls
>1,000 ng/ml during the hospital course. Late-peaking: D-dimer levels were <1,000 ng/ml on admission and stayed low throughout the
hospitalization, however, exhibited a sudden rise to levels >1,000 ng/ml at the end of the encounter. Persistently-high: D-dimer levels were
>1000 ng/ml on admission which stayed high throughout the hospitalization.
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FIGURE 2

Examples of in-hospital D-dimer patterns observed in our study from different patients. Each curve represents D-dimer behavior measured from
repeated samples during the hospitalization time for a separate patient.
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TABLE 1 Comparisons between different waves.

10.3389/fmed.2023.1103842

First wave (n = 405)  Second wave (n = 111)  Third wave (n = 55) p-value
Age, year 64.8 £16.3 64.1 £ 17 64.4 £ 19.5 0.681
Females, n (%) 192 (45) 79 (71) 22 (40) <0.001
BMLI, n (%) 29.7 8.4 31+938 32487 0.071
Diabetes miletus, 7 (%) 130 (32) 57 (51) 26 (47) <0.001
Hypertension, n (%) 255 (63) 89 (80) 45 (82) <0.001
Asthma, 71 (%) 28 (7) 2(2) 6(11) 0.002
COPD, 1 (%) 55 (14) 1(1) 10 (18) 0.003
Admission D-dimer, ng/ml 2,714 + 6,646 3,962 + 15,685 1,455 + 2,912 0.253
Length of stay, days 16.2+12.8 1534+ 10.6 13.4+74 0.467
Therapeutic anticoagulation, n (%) 267 (62) 57 (51) 45 (82) 0.003
Mechanical ventilation, 1 (%) 124 (29) 78 (70) 20 (36) <0.001
In-hospital death, 1 (%) 120 (28) 67 (60) 17 (31) <0.001
D-dimer trends 0.003
Persistently-low, 1 (%) 66 (15) 22 (20) 12 (22)
Early-peaking, n (%) 33 (8) 12 (11) 5(9)
Mid-peaking, n (%) 70 (16) 7 (6) 13 (24)
Fluctuating, n (%) 94 (22) 24 (22) 6(11)
Late-peaking, n (%) 30(7) 20 (18) 8(15)
Persistently-high, 1 (%) 112 (26) 26 (23) 11 (20)

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

D-dimer trends

According to our definitions for D-dimer trends, of the 405
patients included during the first wave, 66 (15%) patients had a
persistently-low pattern, 33 (8%) patients had an early-peaking
pattern, 70 (16%) patients had a mid-peaking pattern, 94 (22%)
patients had a fluctuating pattern, 30 (7%) patients had a late-
peaking pattern, and 112 (26%) patients had a persistently-high
pattern (Table 1). During the second wave, 22 (11%) patients had
a persistently-low pattern, 12 (11%) patients had an early-peaking
pattern, 7 (6%) patients had a mid-peaking pattern, 24 (22%)
patients had a fluctuating pattern, 20 (18%) patients had a late-
peaking pattern, and 26 (23%) patients had a persistently-high
pattern (Table 1). During the third wave, 12 (22%) patients had
a persistently-low pattern, 5 (9%) patients had an early-peaking
pattern, 13 (24%) patients had a mid-peaking pattern, 6 (11%)
patients had a fluctuating pattern, 8 (15%) patients had a late-
peaking pattern, and 11 (20%) patients had a persistently-high
pattern (Table 1).

During the first wave, patients from the Milan site had
the highest number of early-peaking and fluctuating patterns,
and patients from the Bogota site had the highest number
of persistently-low and persistently-high patterns. Compared to
the first wave, the second wave patients showed more frequent
persistently-low and late-peaking D-dimer patterns, while the third
wave showed more frequent late-peaking patterns (Table 2).

Frontiersin Medicine

Comparisons between different D-dimer
patterns

Comparisons between the different D-dimer trends in all
waves are shown in Table 3. In brief, there was no significant
difference between the different trends regarding age, sex, BMI,
or symptom onset to hospital admission. D-dimer levels on
admission were significantly different between groups as can be
expected from the classification. Moreover, the longest hospital
stay was noted in the fluctuating and late-peaking groups,
and the shortest was found for the persistently-low trend.
Importantly, the lowest use of AC and mechanical ventilation
were observed in the persistently-low pattern. Importantly, no
in-hospital deaths were recorded in the persistently-low or
the early-peaking groups, while the highest deaths occurred
in the late-peaking and the persistently-high groups. Similar
results were also observed in the second and third waves
(Table 3).

Kaplan-Meier that different
of D-dimer were highly significantly different in terms of

curves revealed patterns
in-hospital mortality
of risk

the curves, we found that the patterns can be classified

(Figure 3). Importantly, the patterns

observed were similar in all waves. Based on

according to in-hospital mortality risk into low-risk patterns
(persistently-low and early-peaking), where no deaths were
observed in all waves,

high-risk patterns (mid-peaking

frontiersin.org


https://doi.org/10.3389/fmed.2023.1103842
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Ronderos Botero et al.

TABLE 2 Comparisons between different study sites during the first wave.

10.3389/fmed.2023.1103842

First wave New York N = 149 Italy N = 161 Colombia N = 95 p-value
Age, year 63.7 +14.8 68.6 +15.2 59.8 £18.8 <0.001
Females, 1 (%) 72 (48) 58 (36) 62 (65) <0.001
BMLI, n (%) 31.3+£93 269 £45 269+ 11 <0.001
Symptom onset till admission, days 7+6.1 114 £10 58+4.1 <0.001
Admission D-dimer, ng/ml 3,441 £9,122 2,316 £ 4,520 1,863 £ 1,743 0.168
Diabetes millitus, 7 (%) 92 (62) 26 (16) 12 (13) <0.001
Hypertension, n (%) 119 (80) 96 (60) 40 (42) <0.001
Asthma, n (%) 24 (16) 3(2) 1(1) <0.001
COPD, 1 (%) 24 (16) 18 (11) 13 (14) 0.558
Length of stay, days 16.5+£13 18.6 £13.1 11.6 £11 <0.001
Therapeutic anticoagulation, n (%) 113 (76) 66 (41) 88 (93) <0.001
Mechanical ventilation, 7 (%) 81 (54) 20 (12) 23 (24) <0.001
In-hospital death, 1 (%) 64 (43) 41 (25) 15 (16) <0.001
D-dimer trends <0.001
Persistently-low, n (%) 22 (15) 25 (16) 19 (20)

Early-peaking, n (%) 11 (7) 16 (10) 6 (6)

Mid-peaking, n (%) 29 (19) 23 (14) 18 (19)

Fluctuating, n (%) 21 (14) 63 (39) 10 (11)

Late-peaking, n (%) 16 (11) 5(3) 9(9)

Persistently-high, 1 (%) 50 (34) 29 (18) 33(35)

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

and fluctuating), and malignant patterns (late-peaking and
persistently high).

Cox-regression analysis revealed that, overall, D-dimer trends
are associated with an increased risk for in-hospital mortality
in the first wave (overall: HR: 1,73, p < 0.001; New York site:
RR: 1.58, p < 0.001; Milan site: RR: 1.82, p < 0.001; Bogota
site: 1.9, p = 0.008) and stayed the same during the second
wave (HR: 1.67, p < 0.001) and the third wave (HR: 2, p
=0.002).

Compared to low and high risk (Figure 4), the malignant
risk patterns were associated with a significant RR of in-
hospital mortality in the first wave (RR:3.64, p < 0.001, New
York site: RR: 2.87 p < 0.001; Milan site: RR: 3.85, p <
0.001; Bogota site: 7.4, p = 0.009) as well as the second
wave (RR: 3.83, p < 0.001), and the third wave (RR: 9.5, p
=0.001).

Univariate Cox-regression models were initiated for
predictors of in-hospital mortality in all patients from all
sites and across all waves (Table4). It was found that age,
hypertension, diabetes, mechanical ventilation, and D-dimer
trends were all associated with increased risk for in-hospital
mortality. Multivariate regression showed that only D-dimer
trends and mechanical ventilation were associated with increased
risk for mortality; however, D-dimer trends were a stronger
predictor compared to mechanical ventilation (Table 4). When

Frontiersin Medicine

patients were stratified based on mechanical ventilation and
malignant D-dimer trends, it was found that patients with
malignant D-dimer trends were associated with a higher risk
of in-hospital mortality both in those who were mechanically
ventilated and those who did not require mechanical ventilation
(Figure 4).

Discussion

In this case series, we report D-dimer patterns during
hospitalization in patients with COVID-19 that show distinct
mortality behavior. Six different patterns were observed
(persistently-low, early-peaking, mid-peaking, fluctuating, late-
peaking, and persistently-high). While we noted a progressively
increasing risk of in-hospital death in these patterns, we also
noted that the persistently-low and early-peaking are benign
patterns associated with no mortality in our report. Mid-
peaking and fluctuating patterns, in contrast, are patterns
associated with elevated risk for in-hospital mortality, and
late-peaking and persistently-high D-dimer were malignant
patterns associated with the highest in-hospital mortality.
Patients with the malignant D-dimer trends were noted to have
an elevated risk of in-hospital mortality after adjustment for
co-variates and regardless of the requirement of mechanical
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TABLE 3 Comparisons between different trends in all waves.

10.3389/fmed.2023.1103842

Persistent- Early- Mid- Fluctuating Late- Persistent- p-value
low peaking peaking peaking high
1st wave
Number 66 30 70 94 30 112
Age, years 62.3£15.8 65.8 £ 15.8 60.7 £ 16.6 66.8 £17.4 65.1 + 18.9 66.7 £ 14.9 0.116
Females, 1 (%) 32 (48) 19 (63) 39 (56) 56 (60) 13 (43) 60 (54) 0.711
BMI, kg/m2 31+11.8 267 £4 29.7+£7.1 288+7 314+6 30.3£9.9 0.444
Symptoms onset till 8.6+£105 76£6 8.1%6.6 9.8+£93 9.6 £10.7 6.5+49 0.178
admission, days
Admission D-dimer, ng/ml 926.2 £ 1,387 2787.8 + 6,825 873 + 838 2,031 £ 4,169 1,110 £ 1,143 6,388 £ 11,155 <0.001
Length of stay, days 12.7+ 10 155+ 13 159+13 242 +13.8 17.8 +13.2 13.6 £ 11.6 <0.001
Therapeutic anticoagulation, 24 (36) 22(73) 52 (74) 59 (63) 22(73) 82 (73) <0.001
n (%)
Mechanical ventilation 8(12) 1(3) 22 (31) 32 (34) 14 (47) 39 (35) <0.001
In-hospital death, 1 (%) 0(0) 0 (0) 13 (19) 32 (34) 14 (47) 51 (46) <0.001
2" wave
Number 22 12 7 24 20 26
Age, years 57.6 £15.4 65.7 £ 13 69 £11.5 67.4 £ 15 65+ 19 68.3 £ 15 0.215
Females, n (%) 10 (45) 6 (50) 3 (43) 14 (58) 11 (55) 18 (69) 0.614
BMI, kg/m2 28.8 £8.7 30.5+6.6 319+7 31.6 £5.9 33.8+124 33.9+10.7 0.441
Admission D-dimer, ng/ml 390 + 247 4,080 =+ 4,455 468 + 242 4,121 410,782 404 + 182 13,033 £ <0.001
32,596
Length of stay, days 13.5£8.6 16.4+£5.9 16.8 £3.6 232+ 125 134+6.5 17.8 £13.2 0.014
Therapeutic anticoagulation, 3(14) 7 (58) 6 (86) 16 (67) 7 (35) 11 (42) 0.001
n (%)
Mechanical ventilation 7(32) 4(33) 1(14) 18 (75) 16 (80) 22 (85) <0.001
In-hospital death, n (%) 0(0) 0(0) 1(14) 17 (71) 17 (85) 24(92) <0.001
31 wave
Number 12 5 13 6 8 11
Age, years 69.2 £19.6 74 £11.7 60.3 £ 15 53 +26.6 69.5 + 13.9 61.7 £ 14.1 0.248
Females, 7 (%) 7 (58) 2 (40) 3(23) 1(17) 5(63) 3(27) 0.216
BMI, kg/m2 32+8.1 25+34 293 +49 338 +11 383+£10 314+£09.1 0.09
Admission D-dimer, ng/ml 339 4+ 109 2,002 £ 882 426 £ 232 516 231 398 £179 5,025 £ 5,255 <0.001
Length of stay, days 16.5 4+ 14.9 232+19.1 18.6 +14.7 12.1+ 8.6 13.9+5.1 134467 0.612
Therapeutic anticoagulation, 5(42) 4 (80) 12 (92) 5(83) 7 (88) 11 (100) 0.009
n (%)
Mechanical ventilation 0(0) 0(0) 4(31) 5(83) 5(63) 5(45) 0.002
In-hospital death, n (%) 0(0) 0(0) 3(23) 1(17) 6 (75) 6 (55) 0.002

ventilation. Importantly, these patterns and their associated risk
seem to be universal among patients from different institutes
with expected different genetic and ethnic backgrounds, and
similar patterns were also observed in different waves of
the pandemic.
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D-dimer behavior as an example of
COVID-19 heterogeneity

Our observation confirms the clinical and pathological
heterogeneity in patients with COVID-19 (4, 7) and provides
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an example of such heterogeneity through in-hospital D-dimer
behavior. The laboratory signature of hospitalized patients with
COVID-19 indicated that increased D-dimer levels are an integral
part of the disease that is associated with worse outcomes and
may be linked to a thrombotic state (9). Several studies have
suggested the predictive ability of D-dimer in COVID-19 for worse
outcomes; however, such studies focused on point measurement
of D-dimer, especially during admission (10, 13). Our observation
here suggests that elevated D-dimer on admission is not a pre-
requisite for poor outcomes in patients with COVID-19. In fact,
elevated D-dimer during admission may be associated with benign
outcomes if the D-dimer decreases and stays low, while low D-
dimer on admission may be associated with worse outcomes
if D-dimer elevates once or more during the hospital stay. As
such, our observation suggests that worse outcomes of COVID-
19 are associated with specific patterns of D-dimer behavior
during hospitalization rather than point-time measured values. The
patterns observed suggest that worse outcomes are linked to a “later

Frontiersin Medicine

elevation” of D-dimer (during the hospitalization or toward the
end of the encounter) or “delayed normalization” of D-dimer, and,
vice versa, better outcomes are linked to earlier and continuous
normalization of D-dimer.

Clinically, these findings seem of interest at least to guide the
decisions in hospitalized patients with COVID-19. The role of D-
dimer in the course of management of COVID-19 in all stages
(pre-hospitalization, during hospitalization, and after discharge)
is expanding, and its use to guide medical therapeutics such as
anticoagulation is progressing despite early suspicion (8). In one
prior study, it was found that the rate and the magnitude of the
rise in D-dimer within the first 10 days in hospitalized patients
with COVID-19 are associated with poor outcomes. In that study,
this D-dimer behavior was found to be associated with venous
thromboembolism but not mortality (12).

Moreover, D-dimer levels during hospitalization have been
recently reported to be associated with the risk of worse
outcomes in patients with COVID-19 (11). In a recent study,
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FIGURE 4

Kaplan—Meier curves for overall in-hospital mortality for patients stratified based on D-dimer trends, mechanical ventilation, and both.

the patterns of D-dimer during hospitalization were associated
with higher risk than static measurements (11) indicating that
an increasing D-dimer trend during hospitalization is associated
with worse risk compared to stable or decreasing D-dimer
levels. It is to be noted, however, that a clear differentiation
of a normal cutoff value was not identified, and the inclusion
criteria involved >3 D-dimer levels within 21 days of hospital
admission which may have led to significant variation in D-
dimer levels that can pass undetected between measured samples.
Comparatively, in our report, patients were classified based on
the lowest cutoff value reported in previous studies (1,000 ng/ml).
The in-hospital D-dimer trends noted in our study somewhat
differed in patterns and significance. First, because of the
more frequent sampling in our study, more changes could
be captured allowing for the identification and differentiation

Frontiersin Medicine

of the increasing D-dimer during hospitalization into three
different groups (fluctuating D-dimer, mid-peaking, and late-
peaking) compared to “increasing levels” in the aforementioned
study. Second, in our study, we differentiated stable patterns
into persistently-low and persistently-high. Third, the decreasing
pattern in our study was a low-risk pattern compared to a
higher risk for the same group in the aforementioned study
and that can be explained by the immediate normalization
of D-dimer in our report. Finally, the group of patients
with “persistently increased” D-dimer was the sickest group of
patients and was associated with the worst risk of outcomes.
While it is unclear whether differences between both studies
are reproducible, similarities in patterns do exist, pointing
toward a level of heterogeneity among patients with COVID-19
previously underappreciated.
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TABLE 4 Overall predictors of in-hospital mortality.

10.3389/fmed.2023.1103842

Univariate Multivariate

p-value 95%Cl p-value 95%Cl
Age, years 1.01 0.015 1.01-1.02 1.01 0.178 0.99-1.02
Females, 1 (%) 0.79 0.117 0.59-1.06 - - -
Diabetes mellitus, 7 (%) 1.43 0.012 1.09-1.95 1.21 0.216 0.89-1.6
Hypertension, n (%) 1.6 0.007 1.14-2.24 1.36 0.101 0.94-2
Asthma, n (%) 0.8 0.481 0.42-1.5 - - -
COPD, 1 (%) 0.82 0.454 0.49-1.38 - - -
Admission D-dimer, ng/ml 1.01 0.09 0.99-1.02 - - -
Therapeutic anticoagulation, n (%) 0.96 0.681 0.68-1.29 - - -
Mechanical ventilation 2.6 <0.001 1.85-3.56 1.9 <0.001 1.4-2.7
DD trends
Overall 3.8 <0.001 2.9-5 3.4 <0.001 2.6-4.6
High risk 4.2 <0.001 3.1-5.7 3.6 <0.001 2.6-5

We acknowledge the limitation of the observational nature
of our case series report with small sample size, and conclusions
should not be drawn until our findings are confirmed in large
randomized clinical trials. Moreover, the effect of vaccination
on the noted D-dimer trends was not conducted, and the
expected taming effect of vaccination on the trends cannot be
seen in the current report. It should also be emphasized that
D-dimer behaviors noted in our study do not seem to be the
governing factor behind the disease’s extensive heterogeneity, as
a large number of co-variates are suspected. D-dimer behavior
is rather just a representation of how stratifying patients in such
a manner may uncover previously under-detected effects such
as the stratification done for the mechanical ventilation done in
our study. While studying the nature and explanation of such
heterogeneity is beyond the scope of the current report, it seems
that such heterogeneity involves all demographic, clinical, and
laboratory aspects of the disease. Accordingly, more in-depth large
systematic prospective studies and retrospective meta-analyses
taking into consideration the reported finding of D-dimer behavior
in addition to other factors contributing to heterogeneity are
needed to support our hypothesis. Finally, it is unknown whether
the current observations are specific to patients with COVID-19,
and further studies should compare D-dimer levels followed in
patients between COVID-19 and other causes of elevated D-dimer
in hospitalized patients.

Conclusion

Coronavirus disease 2019 is a thrombo-inflammatory disease
that is both dynamic and heterogeneous. D-dimer behavior during
hospitalization is an important example of such heterogeneity and
yielded categories with a distinct risk of in-hospital mortality.
Such patterns seem to be universal between different hospitals
from different geographic locations despite the use of different
anticoagulation approaches and occurred in similar fashions in
all pandemic waves. Monitoring D-dimer behavioral categories
may be useful in the management of these patients regardless of
the need for mechanical ventilation. Further studies are needed
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to determine whether D-dimer category-guided management
improves outcomes in patients with COVID-19.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, upon reasonable written request.

Ethics statement

The studies involving human participants were reviewed
and approved by BronxCare Hospital Center IRB. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

DB, AO, and MP: conceptualization, hypothesis generation,
data collection, statistical analysis, manuscript preparation, and
revision. SH, HL, GP, VP, AA, MD, CV-T, JC, and SC: statistical
analysis, manuscript preparation, and supervision. All authors
contributed to the article and approved the submitted version.

Funding

For the Italian cohort, the study was supported by grants
from the Italian Ministry of Health (Ricerca Corrente Reti 2020-
RCR-2020-23670065 and Ricerca Corrente Reti 2021-RCR-2021-
23671212).

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be conflict
of interest.

construed as a  potential

frontiersin.org


https://doi.org/10.3389/fmed.2023.1103842
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Ronderos Botero et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-
19): the epidemic and the challenges. Int ] Antimicrob Agents. (2020)
55:105924. doi: 10.1016/j.ijjantimicag.2020.105924

2. Ronderos Botero DM, Omar AMS, Sun HK, Mantri N, Fortuzi K, Choi Y, et al.
COVID-19 in the healthy patient population: demographic and clinical phenotypic
characterization and predictors of in-hospital outcomes. Arterioscler Thromb Vasc Biol.
(2020) 40:2764-75. doi: 10.1161/ATVBAHA.120.314845

3. NIH ACTIV Trial of blood thinners pauses enrollment of critically ill COVID-19
patients. (2020). Available online at: https://www.nih.gov/news-events/news-releases/
nih-activ- trial-blood- thinners- pauses- enrollment- critically-ill- covid- 19- patients
(accessed December 22, 2020).

4. The Lancet Rheumatology. High-stakes heterogeneity in COVID-19. Lancet
Rheumatol. (2020) 2:e577. doi: 10.1016/S2665-9913(20)30310-6

5. Ronderos D, Salem Omar AM, Haider SW, Rahmani A, Garcia Arenas
A, Urlapu K, et al. D-dimer trends in patients hospitalized with covid-19:
patterns and in-hospital prognostic significance. ] Am Coll Cardiol. (2021)
3:3031. doi: 10.1016/S0735-1097(21)04386-2

6. Centers for Disease Control and Prevention. COVID Data Tracker. Atlanta,
GA: US Department of Health and Human Services, (CDC) (2023). Available online
at: https://covid.cdc.gov/covid- data-tracker/#trends_weeklycases_select_00 (accessed
February 08, 2023).

Frontiersin Medicine

11

10.3389/fmed.2023.1103842

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Cheng Q, Liu Z, Cheng G, Huang J]. Heterogeneity and effectiveness
analysis of COVID-19 prevention and control in major cities in China
through time-varying reproduction number estimation. Sci Rep. (2020)
10:21953. doi: 10.1038/541598-020-79063-x

8. Lippi G, Mullier F, Favaloro EJ. D-dimer: old dogmas, new (COVID-19) tricks.
Clin Chem Lab Med. (2022) 3:633. doi: 10.1515/cclm-2022-0633

9. Khan IH, Savarimuthu S, Leung MST, Harky A. The need to manage the
risk of thromboembolism in COVID-19 patients. J Vasc Surg. (2020) 72:799-
804. doi: 10.1016/.jvs.2020.05.015

10. Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, et al. D-dimer levels on admission
to predict in-hospital mortality in patients with Covid-19. ] Thromb Haemost. (2020)
18:1324-9. doi: 10.1111/jth.14859

11. Naymagon L, Zubizarreta N, Feld J, van Gerwen M, Alsen M, Thibaud S, et al.
Admission D-dimer levels, D-dimer trends, and outcomes in COVID-19. Thromb Res.
(2020) 196:99-105. doi: 10.1016/j.thromres.2020.08.032

12. Creel-Bulos C, Liu M, Auld SC, Gaddh M, Kempton CL, Sharifpour M,
et al. Trends and diagnostic value of D-dimer levels in patients hospitalized with
coronavirus disease 2019. Medicine. (2020) 99:23186. doi: 10.1097/MD.00000000000
23186

13. Zhou E, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. (2020) 395:1054-62. doi: 10.1016/S0140-6736(20)30566-3

frontiersin.org


https://doi.org/10.3389/fmed.2023.1103842
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://doi.org/10.1161/ATVBAHA.120.314845
https://www.nih.gov/news-events/news-releases/nih-activ-trial-blood-thinners-pauses-enrollment-critically-ill-covid-19-patients
https://www.nih.gov/news-events/news-releases/nih-activ-trial-blood-thinners-pauses-enrollment-critically-ill-covid-19-patients
https://doi.org/10.1016/S2665-9913(20)30310-6
https://doi.org/10.1016/S0735-1097(21)04386-2
https://covid.cdc.gov/covid-data-tracker/#trends_weeklycases_select_00
https://doi.org/10.1038/s41598-020-79063-x
https://doi.org/10.1515/cclm-2022-0633
https://doi.org/10.1016/j.jvs.2020.05.015
https://doi.org/10.1111/jth.14859
https://doi.org/10.1016/j.thromres.2020.08.032
https://doi.org/10.1097/MD.0000000000023186
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	D-dimer trends elaborate the heterogeneity of risk in hospitalized patients with COVID-19: A multi-national case series from different waves
	Introduction
	Methods
	Statistical analyses

	Results
	D-dimer trends
	Comparisons between different D-dimer patterns

	Discussion
	D-dimer behavior as an example of COVID-19 heterogeneity

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


