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BACKGROUND: Venous thrombotic events (VTE) are fre-
quent in COVID-19, and elevated plasma D-dimer (pDd)
and dyspnea are common in both entities.

OBJECTIVE: To determine the admission pDd cut-off val-
ue associated with in-hospital VTE in patients with
COVID-19.

METHODS: Multicenter, retrospective study analyzing
the at-admission pDd cut-off value to predict VTE and
anticoagulation intensity along hospitalization due to
COVID-19.

RESULTS: Among 9386 patients, 2.2% had VTE: 1.6%
pulmonary embolism (PE), 0.4% deep vein thrombosis
(DVT), and 0.2% both. Those with VTE had a higher prev-
alence of tachypnea (42.9% vs. 31.1%; p = 0.0005), basal
02 saturation <93% (45.4% vs. 33.1%; p = 0.0003), higher
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at admission pDd (median [IQR]: 1.4 [0.6-5.5] vs. 0.6
[0.4-1.2] pg/ml; p < 0.0001) and platelet count (median
[IQR]: 208 [158-289] vs. 189 [148-245] platelets x 10°/
L; p=0.0013). A pDd cut-off of 1.1 pg/ml showed spec-
ificity 72%, sensitivity 49%, positive predictive value
(PPV) 4%, and negative predictive value (NPV) 99% for
in-hospital VTE. A cut-off value of 4.7 pg/ml showed
specificity of 95%, sensitivity of 27%, PPV of 9%, and
NPV of 98%. Overall mortality was proportional to pDd
value, with the lowest incidence for each pDd category
depending on anticoagulation intensity: 26.3% for
those with pDd >1.0 pg/ml treated with prophylactic
dose (p < 0.0001), 28.8% for pDd for patients with pDd
>2.0 ng/ml treated with intermediate dose (p = 0.0001),
and 31.3% for those with pDd >3.0 pg/ml and full
anticoagulation (p = 0.0183).

CONCLUSIONS: In hospitalized patients with COVID-19,
a pDd value greater than 3.0 pg/ml can be considered to
screen VIE and to consider full-dose anticoagulation.
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INTRODUCTION

Since the beginning of the novel coronavirus disease 2019
(COVID-19) outbreak, many studies have reported coagu-
lation abnormalities and a higher incidence of venous
thrombotic events (VTE) among these patients. A relation-
ship between plasma D-dimer (pDd) >1.0 pg/ml and both
the severity of the infection and a worse prognosis has also
been described.'

VTE has been detected in 3 to 46% of the patients with
COVID-19, with the highest prevalence in patients in intensive
care units (ICU).*""7 These rates are higher than those reported
in non-COVID-19 patients'®?° and have been related to a
higher mortality.”

The diagnosis of VTE in patients with COVID-19 is chal-
lenging because its clinical manifestations and analytical find-
ings can be misdiagnosed. The usual pDd cut-off value of 0.5
ug/ml*'*? may not be useful and could lead to overdiagnosis
and anticoagulation. For these reasons, some authors have
tried to establish a higher pDd threshold, with different higher
cut-off values.'*'*!%!7 However, these studies have several
limitations, including small sample sizes, a lack of validation,
and heterogeneity in methodology.

The SEMI-COVID-19 Registry emerged as an initiative of
the Spanish Society of Internal Medicine (SEMI, for its initials
in Spanish) to improve the quality of treatment of hospitalized
SARS-CoV-2-infected patients. A retrospective analysis of
the data from the registry has been conducted to determine
the optimal cut-off value of admission pDd to guide the
diagnosis and treatment of VTE in these patients.

MATERIAL AND METHODS
The SEMI-COVID-19 Registry

The SEMI-COVID-19 Registry is an ongoing nationwide,
multicenter (150 hospitals through the 17 regions of Spain),
observational, retrospective cohort registry.>> All consecutive
hospitalized patients aged >18 years with confirmed SARS-
CoV-2 infection, according to World Health Organization
(WHO) recommendations®* were eligible for inclusion. The
exclusion criteria were subsequent admissions of the same
patient and denial or withdrawal of informed consent. The
admission and treatment of patients were at the discretion of
the attending physicians. Personal data processing strictly
complied with the applicable European Union and Spanish
laws on biomedical research and personal data protection. The
Registry has been approved by the Provincial Research Ethics

Committee of Malaga (Spain) as per the recommendation of
the Spanish Agency of Medicines and Medical Products
(AEMPS, for its initials in Spanish). All patients gave in-
formed consent. The conduct and reporting of the study were
carried out pursuant to the STROBE statement guidelines.*’

Procedures

A specific online electronic data capture system (DCS) was
developed. Physicians from each participating hospital were
responsible for acquiring and entering data. To ensure the
quality of data collection, a database manager and data verifi-
cation procedures were designed. Data monitoring, analysis,
and logistics coordination were carried out by independent
external agencies. The DCS did not contain any direct patient
identifiers.

A total of 321 variables were retrospectively collected. A
full list of variables gathered can be found in the source
paper.® The unadjusted and age-adjusted Charlson Comor-
bidity Index was calculated from the collected data.”® A total
of 13,403 consecutive patients were recruited from March 1 to
June 4, 2020, when the last patient was included in the present
substudy.

Objectives

The main objective was to establish a cut-off value of admis-
sion pDd associated with the development of in-hospital VTE
in COVID-19 patients, to be used as a tool for ruling out this
complication. As the secondary objective, a post-hoc analysis
was undertaken to evaluate if anticoagulation intensity (pro-
phylactic, intermediate, or therapeutic doses) was associated
with admission pDd values and mortality.

Statistical Analysis

As can be seen in the patient inclusion flowchart (Fig. 1),
patients without information on acute VTE during hospitali-
zation and those without a registered at admission pDd value
were excluded. The final sample comprised 9386 patients, and
66 variables were analyzed (Appendix 2).

Patients were divided into two groups: those with an acute
VTE episode (DVT and/or PE) anytime during hospitalization,
and those in which it was registered that they had not suffered a
VTE episode during hospitalization. Recording of venous
thrombotic events in the Registry was declarative, categorical
(Yes/No), and dependent on each participant physician criteria.

Quantitative variables are expressed as medians (interquartile
range) or means (SD). Categorical variables are expressed as
absolute values and percentages. Categorical variables were
compared using the chi-square test and quantitative variables
using Student’s t test for variables with a normal distribution and
the Mann-Whitney U test for non-parametric variables. The
alpha significance level was established as 0.05, with the
Bonferroni correction applied for multiple comparisons. A re-
ceiver operating characteristic (ROC) curve was generated to
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13,403 patients included in the SEMI-COVID-19 Registry as of

v

| 364 patients with no data on sex, age
and onset of symptoms.

‘ 13,039 patients with complete records ‘

v

— 160 patients did not meet the inclusion criteria.

‘ 12,879 patients met the inclusion criteria ‘

v

——» 445 patients with no data on the discharge date or
reason for discharge.

‘ 12,434 discharged patients

v

5 122 patients with no data on DVT or PE during
hospitalization

‘ 12,312 patients with data on DVT and PE ‘

2,926 patients with no data on admission plasma D-
dimer values

‘ 9,386 patients with admission plasma D-dimer value ‘

Figure 1 Flowchart for the selection of the study population. DVT, deep venous thrombosis; PE, pulmonary embolism.

determine the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of admission pDd
values to predict acute VTE during hospitalization. The optimal
pDd cut-off value was estimated based on two criteria: iteration
over a range of specificity values and maximization of product
of sensitivity and specificity (accuracy area).

Overall mortality in all the included patients was stratified
according to pDd value categories, and the impact on this
variable of different anticoagulation intensities was analyzed
for each pDd category. Four categories of anticoagulation
intensities were established: absent, low intensity, intermedi-
ate intensity, and full intensity, depending on the LMWH
given during hospitalization. Definitions of LMWH dose cat-
egories are provided in Appendix 2. For patients in different
pDd value categories, the overall mortality for each
anticoagulation intensity was compared using the chi-square test.

All statistical analyses were performed using the R Foun-
dation for Statistical Computing.

RESULTS
Characteristics of the study population

According to the flowchart in Figure 1, 9386 patients were
included in the analysis. Of them, 57.1% were male and the
median age was 68.4 (interquartile range [IQR] 55-79) years.

The prevalence of comorbidities was 16.1%, as measured by
the Charlson age-adjusted Comorbidity Index (Table 1).

Acute VTE during hospitalization occurred in 202 patients
(2.2%): PE alone in 151 patients (1.6%), DVT alone in 37
patients (0.4%), and both DVT and PE in 14 patients (0.2%).
The most frequent comorbidities in the VTE group were
hypertension (50.0%), dyslipidemia (43.3%), diabetes
mellitus (14.39%), and cancer (10.4%). Applying the
Bonferroni correction, the significance level was established
as 0.0007, and no significant differences were found between
the groups regarding baseline demographic and clinical char-
acteristics. Patients in the VTE group had a higher prevalence
of tachypnea (42.9% vs. 31.1%; p = 0.0005) and basal oxygen
saturation <93% (45.4% vs. 33.1%; p = 0.0003). A quick
SOFA score greater than or equal to 2 points was found in
8.5% of all participants, with no significant differences be-
tween groups (Table 2).

When analytical parameters were considered (Table 3), pa-
tients with VTE had a significantly higher pDd value at admis-
sion (median [IQR]: 1.4 [0.6-5.4] pg/ml vs 0.6 [0.3-1.2]
pg/ml; p < 0.00001). VTE patients also had significantly higher
neutrophil count in peripheral blood (median [IQR]: 5300
[3810-7600] cells x 10%/L vs 4500 [3200-6560] cells x 10/
L; p = 0.0008) and higher platelet counts (median [IQR]: 208
[158-289] cells x 10°/L vs 190 [148-246] cells x 10°/L; p =
0.0013), with no other significant differences.
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Table 1 Basal Characteristics of Included Patients
Variable All patients (n = 9386) VTE group (n = 202) Non-VTE group (n = 9184) p*
Age (median [IQRY]), years 66.7 [55.8-79.0] 69.4 [59.3-717.5] 68.4 [55.7-77.0] 0.4928
Male sex, n (%) 5356 (57.1) 121 (60.2) 5235 (57.1) 04152
HBP, n (%) 4695 (50) 101 (50.0) 4594 (49.9) 0.9999
DM, n (%) 1749 (18.6) 29 (14.4) 1720 (18.7) 0.9637
Dyslipidemia, n (%) 3667 (39.1) 8 (43.3) 3580 (39.1) 0.2537
Alcohol abuse, n (%) 419 (4.4) 15 (7.7) 404 (4.5) 0.0575
Smoking, n (%) 0.5911
Former smoker 2193 (23.4) 51 (25.9) 2142 (24.4)
Current smoker 475 (5) 13 (6.6) 462 (5.3)
Dependence, n (%) 0.1964
Absent/mild 7802 (83.1) 175 (87.9) 7627 (84.0)
Moderate 846 (9.0) 11 (5.5) 835 (9.2)
Severe 631 (6.7) 13 (6.5) 618 (6.8)
Atrial fibrillation, n (%) 984 (10.5) 9 4.5) 975 (10.6) 0.0064
Chronic anxiety, n (%) 753 (8) 20 (9.9) 733 (8.0) 0.3941
Chronic depression, n (%) 981 (10.5) 29 (14.4) 952 (104) 0.0879
Obesity, n (%) 1795 (19.0) 49 (25.8) 1746 (20.7) 0.1065
Neurodegenerative disease, n (%) 801 (8.5) 13 (6.5) 788 (8.6) 0.3479
Angina, n (%) 321(3.4) 6 (3.0) 315 (34) 0.8701
CHF, n (%) 615 (6.5) 11 (5.5) 604 (6.6) 0.6135
COPD, n (%) 599 (6.3) 10 (5.0) 589 (6.4) 0.4831
Asthma, n (%) 720 (7.6) 13 (6.5) 410 (7.7) 0.6014
TIA, n (%) 420 (4.4) 10 (5.0) 410 (4.5) 0.8796
Previous IS, n (%) 246 (2.6) 7 (3.5) 239 (2.6) 0.5941
Residual hemiplegia, n (%) 151 (1.6) 4 (2.0) 147 (1.6) 0.8819
Dementia, n (%) 893 (9.5) 17 (8.4) 876 (9.6) 0.6703
PVD, n (%) 413 (4.4) 11 (5.5) 402 (4.4) 0.5826
CLD, n (%) 253 (0.2) 245 (2.6) 8 (3.9) 0.3709
CKD, n (%) 545 (5.8) 11 (5.5) 534 (5.8) 0.9372
Active cancer, n (%) 532 (5.6) 21 (10.4) 511 (5.6) 0.0054
CTD, n (%) 225 (2.3) 7 (3.5) 218 (2.4) 0.4375
HIV infection, n (%) 63 (0.6) 0 (0) 63 (0.7) 0.9999
OSAS, n (%) 575 (6.1) 15 (7.5) 560 (6.1) 0.5313
CCI, Med. (IQR) 1 [0-2] 1 [0-2] 1 [0-2] 0.4388
CCI 23, n (%) 1515 (16.1) 36 (18.2) 1479 (16.5) 0.5814

VTE, venous thromboembolism; HBP, chronic high blood pressure; DM, diabetes mellitus; CHF, chronic heart failure; COPD, chronic obstructive
pulmonary disease; TIA, transient ischemic accident; IS, ischemic stroke;, PVD, peripheral vascular disease; CLD, chronic liver disease; CKD, chronic
kidney disease; CTD, connective tissue disease; HIV, human immunodeficiency virus; OSAS, obstructive sleep apnea syndrome; CCI, age-adjusted

Charlson Comorbidity Index; Med, median; IQR, interquartile range
*Comparison of VTE vs. non-VTE groups

Admission Plasma D-dimer Cut-off Value and
Incidence of VTE

Different pDd cut-off values were analyzed for their sensitiv-
ity, specificity, PPV, and NPV for the diagnosis of VTE. For
the maximum accuracy area, a cut-off value of 1.1 pg/ml
showed a specificity of 72%, sensitivity of 49%, PPV of 4%,
and NPV of 99%. This value had an area under the ROC curve
of 0.7 (95% CI: 0.66-0.74) (Fig. 2). Otherwise, iterating
through the different specificity values (Table 4), a specificity
of 95% was obtained with a cut-off value of 4.7 ug/ml, with a
sensitivity of 27%, PPV of 9%, and NPV of 98%.

Admission Plasma D-dimer Value, Overall
Mortality, and Anticoagulation Intensity

Table 5 shows the analysis of different anticoagulation inten-
sity regimens with different doses of LMWH and other anti-
coagulant drugs along with overall mortality stratified by pDd
in all the cohort patients. Overall mortality was present in
17.6% of all the cases. In the absence of anticoagulation,
mortality was found to increase as pDd values increased, with
an overall mortality of 19.2%, and percentages ranging from

42.3 to 54.1% for pDd values higher than 1.0 pg/mL and 5.0
png/mL, respectively. A proportional relationship between in-
creasing mortality and increasing pDd values was also found
in patients in all anticoagulation intensity groups. In each pDd
level, mortality was affected by the intensity of the anticoag-
ulant strategy. As showed in Table 5, the lowest mortality was
found in patients with pDd >1.0 pg/mL treated with prophy-
lactic doses of LMWH (26.3%; p < 0.0001 for the absent, low,
intermediate, and full anticoagulation comparison), those with
pDd >2.0 pg/ml treated with intermediate LMWH doses
(28.8%; p = 0.0001), and those with pDd >3.0 pg/ml treated
with full anticoagulation with LMWH or other drugs (31.3%;
p =0.0183).

DISCUSSION

In our work, the overall prevalence of VTE was 2.2%, lower
than previously described,* '*'?'* even for patients admitted to
conventional hospital wards without active radiological screen-
ing for VTE.>**!215 In non-critical hospitalized patients, the
reported rates are 3.3% and 6.6%,>'? lower than those in studies
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Table 2 COVID-19-Related Clinical Variables of Included Patients

Variable All patients (n = 9386) VTE group (n = 202) Non-VTE group (n = 9184) p*
Cough, n (%) 0.8839
Dry 5595 (59.6) 122 (60.7) 5473 (59.8)

Wet 1342 (14.3) 30 (14.9) 1312 (14.3)

Myalgia, n (%) 2858 (30.4) 54 (27.1) 2804 (30.8) 0.3032
Ageusia, n (%) 703 (7.4) 17 (8.7) 686 (7.6) 0.6555
Anosmia, n (%) 613 (6.5) 14 (7.2) 599 (6.7) 0.8766
Asthenia, n (%) 4085 (43.5) 85 (42.9) 4000 (44.0) 0.8230
Anorexia, n (%) 1788 (19.0) 35 (17.7) 1753 (19.4) 0.6150
Odynophagia, n (%) 900 (9.6) 20 (10.2) 880 (9.7) 0.9259
Headache, n (%) 1054 (11.2) 20 (10.2) 1034 (11.4) 0.6697
Dyspnea, n (%) 5446 (58.0) 133 (66.2) 5313 (58.1) 0.0260
Diarrhea, n (%) 2275 (24.2) 42 (21.1) 2233 (24.5) 03112
Nausea, n (%) 1125 (12.0) 26 (13.1) 1099 (12.1) 0.7574
Vomiting, n (%) 678 (7.2) 11 (5.5) 667 (7.3) 0.4102
Abdominal pain, n (%) 592 (6.3) 13 (6.6) 579 (6.4) 0.9999
Confusion, n (%) 1023 (10.9) 24 (12.0) 999 (11.0) 0.7335
Tachypnea, n (%) 2874 (30.6) 84 (42.9) 2790 (31.1) 0.0005
SBP, mmHg (mean + SD) 128.5+20.1 129420.3 129+21.1 0.9337
DBP, mmHg (mean + SD) 73.9£12.9 75+13 74£12.9 0.2856
Heart rate, bpm (mean + SD) 88.4+17.4 92.5+18.1 88.4+17.3 0.0023
Temperature, °C (mean + SD) 37.05+0.97 37.1£1.0 37.1£1.0 0.2218
Temperature >38° C, n (%) 5996 (63.9) 41 (20.6) 1955 (21.4) 0.2615
Crackles, n (%) 4989 (53.2) 108 (54.8) 4881 (54.2) 0.9201
Wheezing, n (%) 549 (5.85) 10 (5.1) 539 (6.0) 0.7023
Rhonchi, n (%) 954 (10.2) 21 (10.7) 933 (10.4) 0.9894
Basal O2 sat, % (mean + SD) 93.06£5.7 91.247.1 93.1+5.7 0.0003
Basal O2 sat <93%, n (%) 3053 (32.5) 89 (45.4) 2964 (33.0) 0.0003
qSOFA >2, n (%) 799 (8.5) 23 (11.3) 776 (8.4) 0.1764

SBP, systolic blood pressure; DBP, diastolic blood pressure; bpm, beats per minute; gSOFA, quick sequential organ failure assessment scale; SD,

standard deviation
*Comparison of VIE vs. non-VTE groups

Table 3 Blood Count and Coagulation Parameters of Included Patients

Variable All patients (n = 9386) VTE group (n = 202) Non-VTE group (n = 9184) P*
Lymphocytes x 10/L (Med. [IQR]) 950 [750-1300] 900 [620-1800] 950 [700-1300] 0.0594
Neutrophils x 10%L (Med. [IQR]) 4520 [3200-6600] 5300 [3810-7600] 4500 [3200—6560] 0.0008
Platelets x 10%/L (Med. [IQR]) 190 [148-246] 208 [158-289] 189 [148-245] 0.0013
Prothrombin time (Med. [IQR]) 12.9 [11.9-14.2] 12.7 [11.6-14] 12.9 [11.9-14.2] 0.0604
D-dimer, pg/ml (Med. [IQR]) 0.64 [0.36-1.2] 1.41 [0.61-5.46] 0.63 [0.36-1.17] <0.0001

Med., median; IQR, interquartile range
*Comparison of VIE vs. non-VTE groups

on patients in the ICU, with a prevalence between 16.7 and
28%.>%1215 In studies in which asymptomatic patients were
screened for DVT, the proportion ranges from 14.7% in a
conventional ward,'® 46.1% in a study with ICU and non-ICU
patients,” and 69% in ICU patients.* In a non-ICU group that

Table 4 Plasma D-dimer Values Initially Analyzed for Cut-off and
Their Sensitivity, Specificity, and Predictive Values for the Diagno-
sis of VTE

Plasma D-dimer Value Sensitivity ~ Specificity NPV PPV
(ng/ml)

0.79 0.69 0.60 099  0.04
1.03 0.59 0.70 099  0.04
1.44 0.50 0.80 098  0.05
2.45 0.39 0.90 098  0.08
4.69 0.27 0.95 098  0.11

NPV, negative predictive value; PPV, positive predictive value

underwent a computed tomography pulmonary angiogram, 23%
had PE.” These rates are higher than those previously reported in
non-COVID-19 patients, with a global prevalence of about 16%
in conventional wards and 4.8 to 31.0% in ICUs."®2° The huge
differences in reported prevalence are secondary to the different
considered scenarios (ICU vs non-ICU patients) and the use of
active radiological screening.

The classical risk factors for VTE are common in COVID-
19 patients. However, these factors do not seem to fully
explain the higher frequency of thrombotic complications
observed. According to this observation, in the present study,
no significant differences were found in the prevalence of
these classical prothrombotic factors when comparing patients
with and without VTE. On the other hand, SARS-CoV-2 itself
is able to induce a prothrombotic state related to an inflamma-
tory reaction,”’ ?° as has been demonstrated in autopsy
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ROC curve of D-dimer for the diagnosis of VTE
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Figure 2 ROC curve of at admission pDd values (ug/ml) and incidence of VTE during hospitalization.

studies, with frequent local pulmonary microthrombosis and
endotheliitis®* > and evidences about complement activa-
tion.** Related to these observations, in a recent prospective
observational study on 26 COVID-19 hospitalized patients
who developed PE, DVT was only detected in 7.7% (95%
CIL: 3.6-11.7%) of the cases after systematic screening with
compression ultrasound.” This points to the possibility that
local lung inflammation and pulmonary microthrombosis are
especially prominent in COVID-19."" Similar findings have
been observed in our study, with a higher proportion of
patients with PE alone (1.4%) than DVT alone (0.4%) or in
combination (0.2%). These data suggest that the use of tests
specifically for detecting DVT is not sufficient for detecting
VTE in COVID-19.

PE and SARS-CoV-2 pneumonia have similar clinical man-
ifestations, making the diagnosis of VTE challenging in this
scenario. In the general population, pDd has a high sensitivity

for VTE and a very high NPV, with a cut-off value of 0.5
pg/ml or age-adjusted”? for ruling out a VTE diagnosis in the
case of low or intermediate pre-test probability.?! Given that
patients with COVID-19 usually have high pDd values be-
cause of the infection itself, a lesser specificity can be expect-
ed, so it is necessary to search for a higher cut-off value.
Different proposals of higher cut-off values have been pub-
lished. In a prospective study on 156 non-ICU hospitalized
COVID-19 patients, Demelo-Rodriguez et al.'® found that
14.7% of patients had DVT after the systematic screening with
Doppler ultrasound, and they proposed a ROC curve cut-off
value of 1.5 pug/ml for diagnosis. In an observational study
with 106 patients, Leonard-Lorant et al.'® found that 30% had
PE after a computerized tomography pulmonary angiogram,
and established that a pDd value >2.7 pg/ml detected all the
cases. Cui et al.'” included 81 patients with SARS-CoV-2-
associated pneumonia and ICU admission and reported an

Table S Overall Mortality for Each Category of at Admission pDd Range and Intensity of the Applied Anticoagulation During Hospitalization
in All the Studied Population

pDd (ng/mL) No anticoagulation Anticoagulation intensity p*
Low Intermediate Full

All values 234 (19.2%) 961 (14.6%) 123 (20.9%) 355 (28.6%) <0.0001
> 1.0 143 (42.3%) 476 (26.3%) 67 (27.8%) 166 (35.0%) <0.0001
>2.0 71 (51.0%) 243 (32.6%) 36 (28.8%) 79 (33.7%) 0.0001
>3.0 42 (50.6%) 155 (33.2%) 27 (34.2%) 61 (31.3%) 0.0183
> 4.0 36 (52.1%) 110 (32.5%) 24 (35.2%) 44 (31.2%) 0.0131
>5.0 26 (54.1%) 80 (33.8%) 21 (42.0%) 32 (28.5%) 0.0127

For each pDd category overall mortality is expressed as the absolute number of deaths (n) and percentage referred to all the patients in the considered
pDd range (%). The lowest mortality group for each range of pDd is marked in grey

pDd, plasmatic D-dimer value
*Comparison among the four anticoagulation intensity groups
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incidence of DVT of 25%. Using random pDd values to
establish the best cut-off value without a ROC analysis, they
proposed a pDd cut-off of 1.5 pg/mL for the diagnosis of PE,
with an estimated specificity, sensitivity, and NPV of 88.5%,
85.0%, and 94.7% respectively. In our patients, we found that a
cut-off value of 1.1 pug/mL had a specificity of 72%, sensitivity
0f49%, PPV of 4%, and NPV of 99% with the maximum ROC
curve accuracy area. Alternatively, a cut-off value of 4.7 pg/mL
had 95%, 27%, 11%, and 98% respectively, improving the
specificity and consequently the PPV while maintaining a very
high NPV. These higher cut-offs may be helpful for screening
and ruling out VTE in patients with low and intermediate pre-
test probability, while in patients with higher pDd, a radiolog-
ical test, such as a Doppler ultrasound or a multidetector com-
puted tomography pulmonary angiogram, should be performed,
to confirm the diagnosis of DVT or PE.

Because the range of pDd values found in our study was
quite broad, we attempted to determine a value with potential
clinical significance. To do so, we performed a stratified
analysis, correlating at admission pDd value range and mor-
tality, finding higher mortality with higher pDd values. We
also found that initial anticoagulation intensity modified over-
all in-hospital mortality with the higher benefit with the higher
dose in patients in the higher pDd range. For patients with pDd
>3.0 ug/mL, the group which received full anticoagulation
had lower mortality than groups which received less intensive
anticoagulation. It should also be underscored that patients
with pDd levels between 2.0 and 3.0 pg/mL had better out-
comes with intermediate doses of LMWH and those with pDd
<2.0 pg/mL had lower mortality with prophylactic doses of
LMWH. Of note, prophylactic anticoagulation was related to a
lower overall mortality rate in all patients and across all pDd
values, with an overall mortality of 19.2% in patients without
anticoagulation and 14.6% in those with LMWH at prophy-
lactic doses, as seen in a previous study.35

Most experts recommend prophylactic LMWH for all
COVID-19 patients.36 However, full anticoagulation is usual-
ly not recommended because of a lack of evidence on the
clinical benefits and the potential risk of complications.?**7-*
Despite the current uncertainty,* our findings about the use of
different anticoagulation intensities according to pDd are in
accordance with Maatman et al.,*® who reported that the use of
prophylactic doses of LMWH failed to prevent VTE in 26.6%
of patients in the ICU, and that a pDd value >3.0 pg/mL was a
predictor of this failure. In this line, a recent study on VTE
diagnosis by ultrasound in COVID-19 patients admitted to the
ICU" recommends ultrasound evaluation when pDd >2.0 pg/
mL (sensitivity 95%, specificity 46%) and full empiric
anticoagulation to be considered when pDd >5.5 pug/mL (sen-
sitivity 53%, specificity 88%). Compared to this proposal, in
our study, a pDd threshold of 3.0 ug/mL showed higher
specificity (about 90%) and slightly less sensitivity (about
40%). Unfortunately, bleeding events or bleeding-related
deaths were not captured in the Registry, although the strati-
fied analysis suggests that this strategy is beneficial as overall

mortality is reduced. Nevertheless, there is a lack of unanimity
among different guidelines, especially in terms of determining
anticoagulation intensity*® and the finding in our study is
merely exploratory.

Among limitations of the present study, it has to be
considered those related with the kind of study, an obser-
vational, retrospective one in which data were collected by
a large team of different researchers, which could have led
to heterogeneity in data entry and validation mainly be-
cause of the declarative character of the registry. Conse-
quently, the diagnostic criteria have not been uniform.
Moreover, since data has been obtained from a multicenter
registry in which the incidence of VTE has been declara-
tive according to each investigator criteria, some asymp-
tomatic VTE patients may have erroneously been included
in the non-VTE group. This last point could explain the
low prevalence of thrombotic events in our cohort falsely
decreasing the pre-test probability. Therefore, the PPV
tends to be low and the NPV tends to be high, regardless
of sensitivity and specificity. It has also to be considered
that the specific causes of death were not registered, so
analysis by confounding factors could not be done in the
analysis of mortality and anticoagulation intensity strati-
fied by pDd levels. It has also to be recognized as a
limitation of the study that, although the suggested benefit
on overall mortality depending on each admission pDd
value category and the anticoagulation intensity, hemor-
rhagic events were not registered, and their analysis could
have helped to estimate the net benefit of the suggested
anticoagulation strategies. When considering the strengths
of the study, it has to be underscored that, to date, it has
the largest number of participants in real-world clinical
practice and spans the entire geographical area of the same
healthcare system, and the conclusions have been drawn
from daily clinical activity and suggestions can be used in
a real-world setting.

In conclusion, to improve the specificity of pDd as a pre-
dictor of VTE in COVID-19 patients, cut-off values >1 pg/ml
pDd should be used. Our data also suggest that pDd >3 pg/ml
improves specificity and PPV while maintaining a high NPV
in this population. These thresholds can be useful for the
screening of VTE in COVID-19 patients and can also be used
as a help for the clinician to determine if radiological confir-
mation is necessary, and probably to initiate full-dose
anticoagulation. Finally, our results suggest that prophylactic
LMWH should be applied to all hospitalized patients with
COVID-19, and also that pDd values could help to decide
the anticoagulation intensity to be used at admission in hospi-
talized patients with COVID-19.

As the evidence has been obtained from a retrospective
observational study, the suggestions made based on this
work should be further studied in randomized prospective
studies, though given the current lack of evidence, the
results of this study can be considered helpful in daily
clinical practice.
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