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‘ W) Check for updates

The original and modified Caprini score equally predicts venous
thromboembolism in COVID-19 patients

Sergey Tsaplin, PhD,>® Ilya Schastlivtsev, PhD,>P Sergey Zhuravlev, LOH.° Victor Barinov, PhD,°
Kirill Lobastov, PhD,? and Joseph A. Caprini, PhD,” Moscow, Russian Federation; and Chicago, Il

ABSTRACT
Objective: The study aimed to validate the original Caprini score and its modifications considering coronavirus disease
(COVID-19) as a severe prothrombotic condition in patients admitted to the hospital.

Methods: The relevant data were extracted from the electronic medical records with an implemented Caprini score and
were retrospectively evaluated. The score was calculated twice: by the physician on admission and by the investigator at
discharge (death). The final assessment considered additional risk factors that occurred during inpatient treatment. Besides
the original Caprini score (a version of 2005), the modified version added the elevation of D-dimer and specific scores for
COVID-19 as follows: two points for asymptomatic, three points for symptomatic, and five points for symptomatic infection
with positive D-dimer. Cases were evaluated retrospectively. The primary end point was symptomatic venous thrombo-
embolism (VTE) detected during inpatient treatment and confirmed by appropriate imaging testing or autopsy. The
secondary end points included those observed during hospitalization (admission to the intensive care unit, a requirement
forinvasive mechanical ventilation, death, bleeding), and those assessed at 6-month follow-up (symptomatic VTE, bleeding,
death). The association of eight different versions of the Caprini score with VTE events was evaluated.

Results: A total of 168 patients (83 males and 85 females at the age of 58.3 *+ 12.7 years) were admitted to the hospital
between April 30 and May 29, 2020, and were discharged or died to the time of data analysis. The original Caprini score
varied between 2 and 12 (5.4 % 1.8) at the admission and between 2 and 15 (5.9 + 2.5) at discharge or death. The maximal
score was observed with modification including specific COVID-19 points of 5 to 20 (10.0 = 3.0). Patients received pro-
phylactic (enoxaparin 40 mg once daily: 2.4%), intermediate (enoxaparin 80 mg once daily: 76.8%), or therapeutic
(enoxaparin 1 mg/kg twice daily: 20.8%) anticoagulation. Despite this, symptomatic VTE was detected in 11 (6.5%) in-
patients. Of the 168 individuals, 28 (16.7%) admitted to the intensive care unit, 8 (4.8%) required invasive mechanical
ventilation, and 8 (4.8%) died. Clinically relevant nonmajor bleeding was detected in two (1.2%) cases. The Caprini score of
all eight versions demonstrated a significant association with inpatient VTE frequency. The highest predictability was
observed for the original scale when assessed at discharge (death). Only symptomatic VTE was reported after discharge
with a cumulative incidence of 7.1%. This did not affect the predictability of the Caprini score. Extended antithrombotic
treatment was prescribed to 49 (29%) patients with a cumulative incidence of bleeding of 1.8% at 6 months.

Conclusions: The study identified a significant correlation between the Caprini score and the risk of VTE in patients with
COVID-19. All models including specific COVID-19 scores showed equally high predictability, and use of the original
Caprini score is appropriate for patients with COVID-19. (J Vasc Surg Venous Lymphat Disord 2021;9:1371-81.)
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Coronavirus disease (COVID-19) is a highly infectious dis-
ease caused by the SARS-CoV-2 virus leading to severe
pneumonia and acute respiratory distress syndrome as
primary clinical symptoms. The infection first appeared
in Wuhan, Hubei Province, China, in December of 2019
and then spread globally." A high prevalence of venous
thromboembolism (VTE) including deep vein thrombosis
(DVT), pulmonary embolism (PE), and pulmonary artery
(PA) thrombosis among inpatients and critically ill

patients has been reported since the beginning of the
pandemic.? Duplex ultrasound scan (DUS) detects the
presence of DVT in 46% of the patients on the general
ward and up to 79% of the patients in the intensive
care unit (ICU).>** Proven PE using contrast computed to-
mography (CT) scan is observed in 30% of all patients
with COVID-19.° Evidence of small and mid-sized PA
thrombosis and microthrombi in alveolar capillaries
was found in most of the deceased patients in parallel
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with occlusion of proximal or large branches of the PA in
9% to 33% of dissections.®'® Considering the high inci-
dence of thrombotic complications in COVID-19, most
guidelines suggest routine pharmacoprophylaxis using
low-molecular-weight heparin (LMWH) or unfractionated
heparin for patients admitted to the hospital."'> Some
publications support the escalation of anticoagulation
(intermediate to therapeutic doses of heparin) in sub-
jects at individually highest risk for VTE including those
critically ill, obese, or with high levels of D-dimer."**

The tools mentioned in these publications for VTE risk
assessment include the Caprini score, Padua score, and
IMPROVE VTE score.”' The Padua score was assessed
without a clear correlation with VTE events.'®'® To the
best of our knowledge, the IMPROVE VTE scores have
not yet been tested in patients with COVID-19. Despite
the Caprini score being the most validated risk assess-
ment tool for VTE and being evaluated in approxi-
mately 5 million medical and surgical patients
worldwide, it has not yet been tested in COVID-19.'9?
Rising evidence suggests that hypercoagulation
markers such as increased D-dimer are a predictor for
VTE, severe disease, and death.?>** Increased D-dimer
may be considered an acquired thrombophilia within
the original Caprini model, and coronavirus infection
may be a prothrombotic state by itself. Thus, there is
no clear recommendation on using the Caprini score
in this setting of novel infection.

The primary aim of this study was to validate the orig-
inal Caprini score and its modified versions considering
elevated D-dimer and COVID-19 as a severe prothrom-
botic condition in patients admitted to the hospital
with SARS-CoV-2 infection. The secondary aim was to
identify individuals at the highest risk for VTE via different
versions of the Caprini score while selecting the most ac-
curate version.

METHODS

This study is a single-center retrospective analysis of
prospectively collected data obtained from medical re-
cords of patients with COVID-19 admitted at the Clinical
Hospital No. 1 (Volynskaya) of the President’'s Administra-
tion of the Russian Federation (Moscow, Russian Federa-
tion). The hospital stopped standard medical care and
was reoriented for COVID-19 on April 30, 2020. Two years
before, the Caprini score (a version of 2005 in Russian
translation®*) was integrated into the electronic medical
records (EMRs) and became mandatory for assessment.
All physicians were educated in the proper identification
and collection of all relevant risk factors. The EMRs were
extracted on May 30, 2020, by the time all patients had
been discharged. The resulting database contained
appropriate clinical data on every admitted patient
focused on VTE. Patients were interviewed by phone
with a standard questionnaire (Supplementary Table |,
online only) 6 months after discharge. The interview
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center retrospective anal-
ysis of prospectively collected data

- Key Findings: The original version of the Caprini
score and its modifications considering the elevation
of D-dimer and specific COVID-19 points demon-
strated a significant association with venous throm-
boembolism (VTE) in 168 hospitalized patients with
COVID-19 of whom 6.5% developed symptomatic
VTE during inpatient treatment with a cumulative
incidence of 7.1% at 6 months of follow-up.

Take Home Message: The Caprini score allows strat-
ification of inpatients with COVID-19 according to
their VTE risk and identification of subjects at the
highest risk.

.

was completed, and the data were updated by
November 30, 2020.

The initial Caprini score was calculated by the physician
at the time of admission. It did not consider risk factors
related to inpatient treatment (bed rest for >72 hours,
central venous catheter, acquired thrombophilia, etc.).
Standard coagulation testing including the level of D-
dimer, prothrombin time, and activated partial thrombo-
plastin time was performed in all admitted patients but
was not considered within the primary assessment of the
Caprini score. The reason was that the blood test results
were not known by the initial examiner at the time of
admission. In Russia, the indication for inpatient treat-
ment for adults at the time of observation was
moderate-to-severe disease with a respiratory rate >22
per minute or SpO, <93% with room air, mild illness in
subjects over 65 years old with significant comorbidities
(chronic heart failure, diabetes mellitus, chronic obstruc-
tive pulmonary disease), and pregnancy. We decided
that all patients with moderate-to-severe illness and/or
representing specific signs of pneumonia on a chest CT
scan should receive one Caprini point for pneumonia at
admission as well as one additional point for medical
illness with bed rest (Table |).

The final score was assessed by two investigators via
EMR after patients’ discharge or death. The additional
risk factors related to inpatient treatment were also eval-
uated. Elevated D-dimer at admission was assessed as
acquired thrombophilia from the section of three scores.
We used a liberal or strict approach in D-dimer’s assess-
ment and achieved two different versions of the Caprini
score. In the liberal version, we added an additional three
points for any patient who had elevated D-dimer over
the upper limit of normal (ULN: >055 mg/L) at the
admission. Within the strict version, only patients with
D-dimer >3 times ULN (>1.5 mg/L) received an additional
three points. Because of the coronavirus pandemic, one
of the authors (J.A.C.) proposed using a modified score
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Table I. The distribution of the individual risk factors for
venous thromboembolism (VTE) according to the Caprini
score

Swollen legs 1 32 (19)

Obesity (BMI >25) 1 131 (78)

Sepsis (<1 month) 1 72 (43)

Congestive heart failure (<1 month) 1 24 (14)

History of inflammatory bowel 1 4 (2)
disease

Abnormal pulmonary function 1 8 (5)
(COPD)

Oral contraceptives or hormone 1 0 (0)

replacement therapy

History of unexplained stillborn 1 1(0.6)
infant, recurrent spontaneous
abortion (=3), premature birth with

toxemia or growth-restricted infant

Central venous access® 2 22 (13)

Major surgery (>45 minutes) 2 0 (0)

Laparoscopic surgery (>45 minutes) 2 0 (0)

Immobilizing plaster cast (<1 month) 2 0 (0)

Age 75 years or older 3 19 (11)

Family history of thrombosis % 0 (0)

Positive prothrombin 20210A % 0 (0)

Heparin-induced thrombocytopenia 3 0 (0)

Elevated anticardiolipin antibodies 5 0 (0)

Other congenital or acquired 3 15 (9)

thrombophilia: D-dimer >3 ULN"

Stroke (<1 month) 5 0 (0)

(Continued)
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Table I. Continued.

Hip. pelvis or leg fracture (<1 month) 5 0 (0)

COVID-19 symptomatic with positive 5 102 (61)

D-dimer®

for patients with COVID-19. It was developed empirically
according to the published epidemiological data and
was not supported by robust statistical calculations.
This modification adds two points for COVID-19 patients
with asymptomatic disease, three points for those with
symptomatic illness, and five points for symptomatic pa-
tients with a positive D-dimer. This modification was also
used for the retrospective analysis.

We calculated four different Caprini scores obtained at
the admission and the discharge or death. We achieved
eight versions of the scale: Caprini[origiadm]—original
score calculated at admission; Caprini[orig:fin]—original
score calculated at discharge or death; Caprini
[Dd>ULN:adm]—score with liberal D-dimer calculated
at admission; Caprini[Dd>ULN:fin]—score with liberal
D-dimer calculated at discharge or death; Caprini
[Dd>3ULN:adm]—score with strict D-dimer calculated
at admission; Caprini[Dd>3ULN:fin]—score with strict D-
dimer calculated at discharge or death; Caprini[COVID-
19:adm]—modified score calculated at admission; and
Caprini[COVID-19:fin]—modified score calculated at
discharge or death.

The standard prevention of VTE included prophylactic
(enoxaparin 40 mg once daily) or intermediate (enoxa-
parin 80 mg once daily) doses of LMWH. The local protocol
required intermediate doses of LMWH for all patients
without increased bleeding risk. This intervention was
suggested due to rising evidence of the high prevalence
of VTE and PA thrombosis in patients with COVID-19.
Although not all international guidelines support this
approach, it was not contradictory to the interim Russian
national recommmendations. Only patients at high risk of
bleeding were managed with the standard prophylactic
doses of LMWH. Therapeutic anticoagulation (enoxaparin
1 mg/kg twice daily) was prescribed for subjects without
confirmed VTE in case of a critical level of D-dimer (>6
times the ULN) or suspected thrombi in PA (eg, hypox-
emia disproportionate to known respiratory pathologies
or acute unexplained right ventricular dysfunction). The
local protocol suggested empiric initiation of therapeutic
anticoagulation in presumptive VTE with mandatory
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further verification by appropriate imaging tests before
discharge. A DUS was used to assess superficial and
deep veins of the lower and upper extremities as well as
computed tomography pulmonary angiogram to
exclude thrombi in the PA. If the patient died, then au-
topsy with an evaluation of lung vessels and veins of lower
limbs was obligatory for the final VTE verification. No addi-
tional mechanical prophylaxis for VTE was required.

The primary end point was symptomatic VTE during
inpatient treatment confirmed via appropriate imaging
testing or autopsy. The secondary end points obtained
in the hospital included admission to the ICU, a require-
ment for invasive mechanical ventilation, death, and a
major or clinically relevant nonmajor (CRNM) bleeding
as defined by the International Society of Thrombosis
and Hemostasis.>>*° The secondary end points obtained
after discharge included symptomatic VTE, major or
CRNM bleeding, and overall mortality at 6 months’
follow-up. All inpatient events were assessed in a retro-
spective manner by three investigators experienced in
vascular surgery according to the data extracted from
EMRs. After discharge, telephone interviews evaluated
the outcomes with a standard questionnaire
(Supplementary Table [, online only) by one investigator.
The preliminary (calculated at admission) and final
(calculated at discharge or death) Caprini scores were
tested for correlation with inpatient VTE, and only the
final score was used to test the association with VTE after
discharge.

There was no need for ethical approval or a waiver of
informed consent because the retrospective character
of the analysis in light of the urgency of the pandemic
was confirmed by the Institutional Review Board of Clin-
ical Hospital No. 1 of the President’s Administration of the
Russian Federation.

Statistical analysis. All absolute values are represented
by mean with standard deviation in the normal distribu-
tion or by a median with interquartile range (IQR) 25 to
75 percentile in the non-normal distribution assessed
by the Kolmogorov-Smirnov test. The relative values are
represented as percent with a 95% confidence interval
(ClI) calculated by Wilson. The data were compared using
the paired t-test or analysis of variance (normal distri-
bution) and the Mann-Whitney U test (non-normal dis-
tribution) or the ;(2 test (categorical variables). The
correlation between the Caprini score and the incidence
of VTE was evaluated by Cramer's V test. The predict-
ability was assessed by a single-factor univariate logistic
regression analysis represented by odds ratio and evalu-
ation of receiver operating characteristic (ROC) curves
with their areas under the curve (AUC). The cutoff for the
Caprini score with current sensitivity and specificity was
extracted from the coordinates of ROC curves. The
analysis was performed using SPSS version 26 software
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package (IBM Corp, Armonk, NY). The value of P < .05
was considered statistically significant.

RESULTS

A total of 168 patients with COVID-19 were admitted to
the hospital between April 30 and May 29, 2020. At the
time of data extraction, all subjects had been discharged
or died, and every EMR was eligible for analysis. The num-
ber of males and females was equivalent (83 and 85,
respectively). The age varied between 21 and 86 (mean,
583 *+ 12.7) years. COVID-19 diagnosis was confirmed
with polymerase chain reaction (PCR) on nasopharyn-
geal swabs in 140 patients (83%). The diagnosis was sus-
pected in 28 (17%) subjects despite the negative result of
PCR if a typical pattern of viral pneumonia was observed
on chest CT scan (ground-glass opacity) as assessed by
an experienced radiologist. This approach is consistent
with the published data on the limited sensitivity of
PCR on nasopharyngeal swabs (approximately 70%)
and the high sensitivity of chest CT (over 90%).2”? The
local guidelines support a diagnosis of SARS-CoV-2 infec-
tion in PCR-negative patients who have a high clinical
probability of disease and typical findings on chest CT.

According to the interim Russian national guidelines,
the disease severity was classified as moderate (body
temperature >38°C, respiratory rate >22 per min, dys-
pnea in physical activity, pneumonia by chest CT scan,
SpO, <95%, C-reactive protein >10 mg/mL) in 155 (92%)
patients. Severe disease criteria (respiratory rate >30
per min, SpO, =93%, PaO,/FiO, =300 mm Hg, disease
progression by chest CT scan, a decrease of conscious-
ness or agitation, unstable hemodynamics, and serum
lactate >2 mmol/L, quick sepsis related organ failure
assessment >2) were found in 13 (8%) subjects. This clas-
sification was not contradictory with existing guidelines
at the time of the study by the World Health Organiza-
tion published in March 2020. Moderate disease is sug-
gested as nonsevere pneumonia without the
requirement for oxygen supplementation. Severe disease
was suggested as respiratory infection with respiratory
rate >30 per minute or severe respiratory distress or
SpO, <93% on room air.”®

Time to admission from the onset of symptoms varied
between 1and 24 (mean, 7.2 = 4.0) days consistent with
previously published data on disease deterioration
from days 5 to 8.°°*° During this period, patients were
treated at home with symptomatic therapy, chloro-
quine or hydroxychloroquine, and antibiotics. Antith-
rombotic treatment before hospitalization due to
comorbidities was used by 37 (22.0%) patients. There
were six individuals taking direct oral anticoagulants
due to atrial fibrillation, and 31 subjects received anti-
platelets due to cardiovascular diseases. All switched
to LMWH according to the stated rules with cessation
of previous therapy.
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Prothrombin time at the admission ranged from 9.3 to
29.1 seconds (mean, 11.6 = 1.9 seconds; normal range, 9.8-
12.1 seconds). It was prolonged in nine (5%) patients. The
activated partial thromboplastin time varied between
22.0 and 54.1 seconds (mean, 32.9 * 5.0 seconds; normal
range, 26.4-37.5 seconds), and it increased in 44 (26%) in-
dividuals. D-dimer varied from 0.1 to 6.7 mg/L (median:
0.6 mg/L, with an IQR of 0.4-1.0 mg/L; ULN is 0.55 mg/L).
Any elevation of D-dimer was observed in 102 (61%) pa-
tients and elevation >3 times ULN in 15 (9%) individuals.
We did not use the age-adjusted ULN for D-dimer similar
to previous reports in patients with COVID-19,4305234-58

All patients received therapy with chloroquine or
hydroxychloroquine, antibiotics, noninvasive and invasive
oxygen therapy, symptomatic treatment, and prophylac-
tic anticoagulation. All patients in the ICU received addi-
tional treatment with tocilizumab. No other specific
treatment for COVID-19 was used. The LMWH was used
in the standard prophylactic dose in four (2.4%) patients,
in the intermediate dose in 129 (76.8%) patients, and in
therapeutic doses in 35 (20.8%) patients. Of those on
therapeutic anticoagulation, 29 patients had hypoxemia
disproportional to known respiratory pathology (n = 15)
or right ventricular dysfunction (n = 14) and were sus-
pected with PA thrombosis (15 admitted to the ICU, 4
required mechanical ventilation). Six had a critical eleva-
tion of D-dimer. The duration of inpatient treatment var-
ied from 1 to 29 days (mean, 13.9 + 4.0 days).

The risk factor distribution by the Caprini score is shown
in Table I. In the original scale, the score ranged from 2 to
12 (mean, 5.4 = 1.8) as calculated at admission and be-
tween 2 and 15 (mean, 59 * 25) as calculated at
discharge or death. Among all modifications, the highest
score was observed with Caprini[COVID-19] version fol-
lowed by Caprini[Dd>ULN], Caprini[Dd>3ULN], and the
original version. All scores significantly increased when
they were measured at the end of hospitalization
(Table I1).

Symptomatic VTE was detected in 11 of 168 (6.5%; 95%
Cl, 3.7%-11.3%) patients including catheter-related vein
thrombosis of upper limbs in three (1.8%; 95% CI, 0.6%-
5.1%) cases; isolated lower limb DVT in two (1.2%; 95%
Cl, 0.3%-4.3%) cases; combination of lower limb DVT
and PE in one (0.6%; 95% CI, 0.19%-3.3%) case, and iso-
lated PE in five (3.0%; 95% CI, 1.3%-6.8%) cases. Of the
three lower limb DVT cases, two affected the distal veins
and one affected the proximal veins. Thrombosis of calf
muscle veins was seen only in PE. Of the six PEs, five
were fatal and confirmed by autopsy; the last one was
confirmed by computed tomography pulmonary angio-
gram. All lesions affected segmental and subsegmental
branches of the PA. All VTE events developed despite in-
termediate (n = 5) or therapeutic (n = 6) doses of LMWH
with the incidence of 4.7% and 14.3%, respectively; no
VTE event was observed in those who received prophy-
lactic LMWH (P = 107, Supplementary Table II, online
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only). VTE was more frequently observed in critically ill
patients admitted to the ICU (28.6%) compared with
those on the ward (2.19%:; P < .001). The original Caprini
score at admission was significantly higher in patients
who required treatment in the ICU (725 * 190 vs
5.06 = 149; P < .001) and predicted the admission to
the ICU (odds ratio, 2.07; 95% ClI, 1.55%-2.75%: P < .001).

Of the total, 28 (16.7%; 95% CI, 11.8%-23.1%) patients
required admission to the ICU, 8 (4.8%; 95% CI, 2.5%-
9.2%) patients required mechanical ventilation, and 8
(4.8%; 95% ClI, 2.5%-9.2%) patients died in the hospital.
Of eight individuals on mechanical ventilation, seven
(88%) died. Pulmonary embolism was suggested as the
underlying cause of death in two patients and as a
contributing cause in three patients. Thus, five of eight
deaths were associated with PE. The other immediate
causes of death were acute respiratory insufficiency
(n = 4) and acute cardiac-respiratory insufficiency (n =
2). Bleeding was detected in only two (1.2%; 95% CI,
0.3%-4.3%) subjects represented by subcutaneous hema-
toma requiring surgical drainage and uterine bleeding
that was classified as CRNM bleeding. Both occurred
while receiving a therapeutic and intermediate dose of
LMWH, respectively.

In total, 151 of 168 (90%) patients were followed by a
telephone interview at 6 months. Of those 17 who were
not followed, 8 died in the hospital and 9 did not
respond to the several phone calls that were performed
weekly over 1 month. Extended antithrombotic treat-
ment was prescribed to 49 (29%) patients including 13
(8%) with anticoagulants and 36 (219%) with antiplatelet
agents. The treatment duration varied between 2 and
24 weeks (median: 12 weeks, with an IQR of 4-24 weeks)
after discharge. Anticoagulation was usually stopped
within 6 months after discharge, and only three patients
with atrial fibrillation prolonged the therapy. In contrast,
approximately half of patients continued treatment with
antiplatelets due to comorbidities, and 19 subjects
ceased it within 2 to 12 weeks. Thus, 20 of 37 individuals
who had been using antithrombotic therapy before
admission and survived resumed their treatment after
discharge, and the last seven patients died in the hospi-
tal. The outpatient facilities were responsible for the
extended pharmacological prophylaxis after discharge,
and reliable indications could not be evaluated.

A new symptomatic VTE event was reported by only
one patient who did not receive antithrombotic treat-
ment and was diagnosed with distal DVT 1 week after
discharge. The diagnosis was confirmed by DUS, and
therapeutic anticoagulation was initiated. This 63-year-
old woman had moderate disease and a score of 7 on
the original Caprini model. She had increased D-
dimer <3 UNL and received intermediate doses of
LMWH in the hospital. Thus at 6 months, VTE events
were observed in 12 of 168 patients with a cumulative
incidence of 7.1% (95% ClI, 4.1%-12.0%). The only episode
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Table Il. The value of the Caprini score according to the version and time of evaluation

Caprini[orig] 54 +18
Caprini[Dd>ULN] 73 26
Caprini[Dd>3ULN] 57 = 21
Caprini[COVID-19] 96 + 23
P, <001

59 25 <.001
77 £33 <.001
61 =29 <.001
10.0 = 3.0 <.001

<.001 —

Caprini[COVID-19], Considering two points for asymptomatic infection; three points for symptomatic infection; five points for symptomatic infection
with positive D-dimer; Caprini[Dd>3ULN], considering three points if D-dimer increased >3 times over ULN; Caprini[Dd>ULN], considering three
points if D-dimer increased over the ULN; Caprinilorig], the original score; P, paired t-test; P,, analysis of variance; ULN, upper limit of normal.

of CRNM bleeding due to hemorrhoids was reported by
one gentleman who received acetylsalicylic acid with a
cumulative incidence of 1.8% (95% CI, 0.6%-5.1%). No
new death was registered, and the overall mortality
rate did not change at 6 months (4.8%; 95% ClI, 2.5%-
9.2%).

A statistically significant association with symptomatic
VTE detected during inpatient treatment was observed
for all versions of the Caprini score calculated at admis-
sion or discharge (P < .001, Figs 1 and 2). The high predict-

ability was confirmed by the single-factor logistic
regression analysis (Supplementary Table I, online
only) and the analysis of ROC curves (Table llI;

Supplementary Fig 1, online only). Of the scores calcu-
lated on admission, the highest predictability was for
the AUC and was found for the version considering any
elevation of D-dimer (Caprini[Dd>ULN:adm]). A score of
=10 with a sensitivity of 73% and specificity of 85% pre-
dicted the occurrence of symptomatic VTE. However,
the standard version (Caprini[orig:adm]) demonstrated
high predictability with a sensitivity of 73% and a speci-
ficity of 80% with a score of =7 predicting VTE. Among
the final scores, the best predictability was observed for
the original version of the scale (Caprini[orig:fin]) with a
sensitivity of 73% and a specificity of 96% with a score
of =11 predicting VTE. The second highest predictability
was observed for the version considering any elevation
of D-dimer (Caprini[Dd>ULN:fin]) with a sensitivity of
73% and a specificity of 97% with a score of =14 predict-
ing VTE. Generally, improved predictability and higher
specificity were observed for the final Caprini score. In
the subgroup of ICU patients, the same tendency with
slightly improved predictability was registered
(Supplementary Tables IV and V, online only).

Only one new symptomatic VTE event was detected at
6 months of follow-up:; this subject did not significantly
affect the predictability of all versions of the final Caprini
score (Fig 3 and Table lll; Supplementary Table Il and
Supplementary Fig 2, online only). However, the areas un-
der the ROC curves slightly increased for most versions
parallel with decreased cutoff scores and specificity.
The best characteristics were obtained for the version

Caprini[orig:fin]. At a score of =7, it had a sensitivity of
75% and a specificity of 78% predicting symptomatic
VTE at 6 months.

DISCUSSION

The high prevalence of VTE in hospitalized patients
with COVID-19 requires validation for specific predictive
tools to identify subjects at the highest risk who may
benefit from escalated pharmacological prophylaxis.
The American Venous Forum has already recommended
using the Caprini score for VTE risk assessment at admis-
sion and discharge.” They referenced the original model
and suggested a score of =8 to escalate the pharmaco-
logical prophylaxis in the hospital and extend it after
discharge. In the current study, we compared the
COVID-19 modifications including theoretical changes
based on the D-dimer level with the original scale. The
results showed that an original score of =7 calculated
at admission as well as a score of =11 calculated at
discharge is associated with the increased risk of inpa-
tient VTE despite the administration of LMWH (predom-
inantly intermediate doses). Such patients are the
highest-risk group that requires special attention. The
question arises if therapeutic doses of heparin may be
beneficial in these patients.

The importance of elevated D-dimer levels in COVID-19
was introduced recently. It appears to be associated with
unfavorable outcomes, increased mortality, and VTE.?*%*
The thresholds for VTE verification were found at 1.0 to
23 mg/L***® Prophylactic doses of LMWH have
increased survival in patients with the D-dimer level >6
times ULN.>° The American Venous Forum proposed
therapeutic anticoagulation for subjects with the D-
dimer level >3 times ULN.”® However, in our study, the
suggested level of D-dimer supplementing the original
scale did not improve the predictability of the original
Caprini score. No significant difference in D-dimer level
was found between patients with and without VTE: me-
dian of 0.96 (IQR, 0.62-1.75) mg/L compared with 0.64
(0.39-0.95) mg/L, respectively (P = .094). At the same
time, any D-dimer level over the ULN improved the pre-
dictability and specificity of the original score when
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O Caprini[orig:adm] & Caprini[Dd>ULN:adm] B Caprini[Dd>3ULN:adm] m Caprini[COVID-19:adm]
Fig 1. The incidence of symptomatic inpatient venous thromboembolism (VTE) according to the different
modifications of the Caprini score assessed at the time of admission. Caprini[COVID-19:adm]. Considering two
points for asymptomatic infection, three points for symptomatic infection, five points for symptomatic infection
with positive D-dimer, score assessed at admission (V = 0.525; P < .001); Caprini[Dd>3ULN:adm]- considering three
points if D-dimer increased >3 times over ULN, score assessed at admission (V = 0.493; P < .001); Caprini
[Dd>ULN:adm]: considering three points if D-dimer increased over ULN, score assessed at admission (V = 0.531;
P < .001); Caprini[orig:adm]: the original score assessed at admission (V = 0.505; P < .001); ULN: upper limit of
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Fig 2. The incidence of symptomatic inpatient venous thromboembolism (VTE) according to the different
modifications of the Caprini score assessed at the time of discharge or death. Caprini[COVID-19:fin]. Considering
two points for asymptomatic infection, three points for symptomatic infection, five points for symptomatic
infection with positive D-dimer, score assessed at discharge or death (V = 0.706; P < .001); Caprini[Dd>3ULN:fin].
considering three points if D-dimer increased >3 times over ULN, score assessed at discharge or death (V = 0.645;
P < .001); Caprini[Dd>ULN:fin]. considering three points if D-dimer increased over ULN, score assessed at
discharge or death (V = 0.707; P < .001); Caprini[orig:fin]: the original score assessed at discharge or death (V =
0.664; P < .001); ULN: upper limit of normal; V: Cramer's V.
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Table lll. Predictability of different versions of the Caprini score for symptomatic venous thromboembolism (VTE) in
patients with COVID-19 by the analysis of receiver operating characteristic (ROC) curve

Caprini[orig:adm] 0.769 + 0.090 .003 7 73 80

Caprini[Dd>3ULN:adm] 0.757 = 0.090 .004 7 73 76

Caprini[orig:fin] 0.803 + 0.095 .001 1 73 96

Caprini[Dd>3ULN:fin] 0.797 = 0.096 .001 1 73 94

Symptomatic VTE at 6 months

Caprini[Dd>ULN:fin] 0.804 = 0.092 <.001 10 75 81

Caprini[COVID-19:fin] 0.803 + 0.092 <.001 12 75 81

calculated at admission but not at discharge. In general, higher AUC and specificity of the final scores highlights
all evaluated models demonstrated good predictability the need for repeated assessment and consideration of
without significant differences. However, the fact of new risk factors during hospitalization.

10%

0% rl.%l_: rim ‘ ‘
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Fig 3. The cumulative incidence of symptomatic venous thromboembolism (VTE) at 6 months according to the
different modifications of the Caprini score assessed at the time of discharge or death. Capriniforig:fin]: The
original score assessed at discharge or death (V = 0.634; P < .001); Caprini[Dd>ULN:fin]: considering three points if
D-dimer increased over ULN, score assessed at discharge or death (V = 0.677; P < .001); Caprini[Dd>3ULN:fin].
considering three points if D-dimer increased >3 times over ULN, score assessed at discharge or death (V = 0.616;
P < .001); Caprini[COVID-19:fin]: considering two points for asymptomatic infection, three points for symptomatic
infection, five points for symptomatic infection with positive D-dimer, score assessed at discharge or death (V =
0.678; P < .001); ULN: upper limit of normal; V: Cramer's V.
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Any change in the original Caprini score affects the pre-
dictive threshold for the highest-risk group, which could
vary by four to five points. Thus, the prognosis for VTE
and detection of patients requiring escalated prophy-
laxis and/or additional imaging tests for VTE should be
based on a specific threshold of every modification
(Table I11).

Interestingly, the incidence of VTE and mortality rate
in our study appeared to be lower than previously re-
ported for the general ward.?*“%*! This fact may be
related to the predominance of moderate disease and
the use of intermediate to therapeutic doses of LMWH
in 97.6% of all patients. There is limited evidence that
escalated anticoagulation can improve survival in pa-
tients with COVID-19.4%*® Also, anti-inflammatory prop-
erties and potential antiviral effects of heparins may
be relevant.**“® However, there was no difference in
the crude incidence of VTE between subgroups not
balanced for the severity of infection, comorbidities, or
other cofounders who received prophylactic, intermedi-
ate, or therapeutic anticoagulation in the current study.
The risk-benefit ratio of therapeutic anticoagulation
should be confirmed in robust randomized clinical
trials.

Despite the challenging clinical benefits of Caprini
score assessment and routine pharmacological prophy-
laxis in stable medically ill patients, we decided to
combine individuals admitted to the ward and ICU."°
The reason is that the VTE incidence in patients with
COVID-19 on the ward is much higher than in other med-
ical patients and reaches the values for critically ill pa-
tients.>*”“®  Moreover, admission to the ICU is
associated with additional VTE risk factors considered
by the Caprini score (confined to the bed >72 hours, cen-
tral venous access, sepsis) and requires repeated recalcu-
lations. The predictability of all versions of the Caprini
score in a subgroup of ICU patients demonstrated a
slight improvement compared with the overall popula-
tion (Supplementary Tables IV and V, online only). How-
ever, the original score assessed at admission did not
consider ICU-related risk factors or laboratory findings
and accurately predicted VTE. Although most VTE events
occurred in the ICU, most of these patients were initially
admitted to the ward and had a higher original score at
baseline.

Regardless of the lack of extended pharmacological
prophylaxis prescribed in only one-third of patients,
there was no further increase in the VTE rate after
discharge as expected. Our observation confirms the
previously published data reporting that postdischarge
VTE risk in COVID-19 does not differ from other acute
medical illness and does not require routine pharmaco-
logical prophylaxis.*®*° Moreover, the predictability of
the final Caprini score did not change significantly
when it was assessed in relation to symptomatic VTE
detected at 6 months.
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The limitations of the study include its retrospective
character, small sample size, absence of the total instru-
mental screening for VTE, the predominance of moder-
ate disease, the inconsistency of pharmacological
prophylaxis with various doses of LMWH and duration,
and an empirical suggestion for the novel COVID-19
scores that were not supported by reliable statistical cal-
culations. The follow-up data were collected via tele-
phone interviews to reduce the contacts during
pandemics. Despite these disadvantages, the results
may be useful to improve VTE risk stratification in pa-
tients with COVID-19.

CONCLUSIONS

The study identified a significant correlation between
the Caprini score and the risk of VTE in patients with
COVID-19. A score of =7 predicts symptomatic VTE
despite pharmacological prophylaxis. The original Cap-
rini score is essential and identifies patients with
COVID-19 who are at risk. Further studies are needed to
determine if there are any clinical benefits using the
modified COVID-19 Caprini score.
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Supplementary Fig 1 (online only). Predictability of
different versions of the Caprini score for symptomatic
venous thromboembolism (VTE) detected during inpa-
tient treatment by the receiver operating characteristic
(ROC) curves. Caprini[COVID-19:adm], Considering two
points for asymptomatic infection, three points for symp-
tomatic infection, five points for symptomatic infection
with positive D-dimer, score assessed at admission; Caprini
[COVID-19:fin], considering two points for asymptomatic
infection, three points for symptomatic infection, five
points for symptomatic infection with positive D-dimer,
score assessed at discharge or death; Caprini
[Dd>3ULN:adm], considering three points if D-dimer
increased >3 times over ULN, score assessed at admission;
Caprini[Dd>3ULN:fin], considering three points if D-dimer
increased >3 times over ULN, score assessed at discharge
or death; Caprini[Dd>ULN:adm], considering three points
if D-dimer increased over ULN, score assessed at admis-
sion; Caprini[Dd>ULN:fin], considering three points if D-
dimer increased over ULN, score assessed at discharge or
death; Caprini[orig:adm], the original score assessed at
admission; Caprini[orig:fin], the original score assessed at
discharge or death; ULN, upper limit of normal.
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Supplementary Fig 2 (online only). Predictability of
different versions of the Caprini score for symptomatic
venous thromboemlbolism (VTE) detected 6 months after
discharge by the receiver operating characteristic (ROC)
curves. Caprini[COVID-19:fin], Considering two points for
asymptomatic infection, three points for symptomatic
infection, five points for symptomatic infection with posi-
tive D-dimer, score assessed at discharge or death; Caprini
[Dd>3ULN:fin], considering three points if D-dimer
increased >3 times over ULN, score assessed at discharge
or death; Caprini[Dd>ULN:fin], considering three points if
D-dimer increased over ULN, score assessed at discharge
or death; Caprini[orig:fin], the original score assessed at
discharge or death; ULN, upper limit of normal.
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Supplementary Table I (online only). The standard questionnaire for a telephone interview performed at 6 months after
discharge (translation from Russian)

After you had been discharged from
the hospital with COVID-19, have
you been diagnosed with deep
vein thrombosis, superficial vein
thrombosis, pulmonary
embolism, any other kind of
thrombosis?

If yes, please provide the medical documentation on this event by
e-mail

Do you use it now, or have you used
it after discharge from the
hospital with COVID-19 such
drugs as heparin, low-molecular-
weight heparin, enoxaparin,
nadroparin, dalteparin, bemiparin,
parnaparin, rivaroxaban, apixaban,
dabigatran, warfarin,
acetylsalicylic acid, clopidogrel,
ticagrelor, prasugrel,
dipyridamole, and sulodexide?

If yes, please provide the medical prescription of such drugs, doses,
and duration by e-mail

If you are not sure, please provide the list of all medications you
have been taking after discharge

After you had been discharged from
the hospital with COVID-19, have
you been suffered from any kind
of bleeding?

If yes, have it lead to special medical attention? Have you
undergone specific medical interventions for diagnosis or
treatment? Have you been admitted to the hospital? If so, please
provide medical documentation related to this bleeding event by
e-mail




1381e3  Tsaplin et al Journal of Vascular Surgery: Venous and Lymphatic Disorders
November 2021

Supplementary Table Il (online only). The number of COVID-19 patients with symptomatic venous thromboembolism
(VTE) according to the anticoagulation regimen and admission to intensive care unit (/CU)

Intermediate LMWH 3/116 (2.6) 312 (25) 0N (0) 6/129 (4.7)

Totally 3/140 (2.1) 6/22 (27.3) 2/6 (33.3) 1168 (6.5)

Supplementary Table Il (online only). Predictability of
different versions of the Caprini score for symptomatic
venous thromboembolism (VTE) in patients with COVID-19
by the single-factor logistic regression

Supplementary Table IV (online only). Predictability of
different versions of the Caprini score for symptomatic

Caprini[orig:adm] 187 1.34-2.61 <.001 venous thromboembolism (VTE) in patients with COVID-19
_ admitted or transferred to the intensive care unit (ICU)
Caprini[Dd>3ULN:adm] 159 124205 <001 (n = 28) by the single-factor logistic regression

Caprinilorig:fin] 1.73 1.36-2.20 <.001

Caprini[orig:adm] 230 1.16-4.53 .017
Caprini[Dd>3ULN:fin] 1.61 1.30-2.00 <.001

Caprini[Dd>3ULN:adm] 1.98 1.06-3.70 .033
Symptomatic VTE at 6 months

Capirini[orig:fin] 330 1.20-9.06 .021
Caprini[Dd>ULN:fin] 1.55 1.27-1.89 <.001

Caprini[Dd>3ULN:fin] 293 1.05-8.15 .040

Caprini[COVID-19:fin] 1.60 1.30-1.96 <.001
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Supplementary Table V (online only). Predictability of different versions of the Caprini score for symptomatic venous
thromboembolism (VTE) in patients with COVID-19 admitted or transferred to the intensive care unit (ICU) (n = 28) by the
analysis of receiver operating characteristic (ROC) curve

Caprini[orig:adm] 0.844 + 0.074 .005 7 75 80

Caprini[Dd>3ULN:adm] 0.816 + 0.082 .010 7 88 65

Caprini[orig:fin] 0.913 = 0.053 .001 n 75 85

Caprini[Dd>3ULN:fin] 0.903 = 0.057 .001 1l 88 75




