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Abstract

Introduction: Novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

infection resulting in COVID-19 disease is associated with widespread inflammation and a
prothrombotic state, resulting in frequent venous thromboembolic (VTE) events. It is currently
unknown whether anticoagulation is protective for VTE events. Therefore, we conducted a
systematic review to identify predictors of VTE in COVID-19.

Methods: We searched PubMed, EMBASE, Google Scholar, and Ovid databases for relevant
observational studies of VTE in COVID-19 disease. The effect size for predictors of VTE was
calculated using a random-effects model and presented as forest plots. Heterogeneity among
studies was expressed as @ statistics and /2. Bias was assessed using the Newcastle Ottawa
Scale for all identified observational studies. Publication bias was assessed with funnel plot
analysis.

Results: We identified 28 studies involving 6053 patients with suspected or confirmed
COVID-19. The overall pooled prevalence of VTE events was 20.7%. Male sex was associated
with a higher risk of VTE events, whereas prior history of VTE, smoking, and cancer were

not. VTE events were significantly higher in severely ill patients, mechanically ventilated
patients, those requiring intensive care admission, and those with a low Pa0,/Fi0, ratio (P/F
ratio). Chronic comorbidities, including cardiovascular disease, heart failure, renal disease,
and pulmonary disease, did not increase the risk of VTE events. Patients with VTE had higher
leukocyte counts and higher levels of D-dimer, C-reactive protein, and procalcitonin. The
occurrence of VTE was associated with increased length of stay but did not impact mortality.
Therapeutic and prophylactic doses of anticoagulation were not protective against VTE.
Conclusion: VTE in COVID-19 is associated with male gender and severe disease but not with
traditional risk factors for VTE. The occurrence of VTE does not appear to be mitigated by
either prophylactic or therapeutic anticoagulation. The occurrence of VTE in this population is
associated with an increased length of stay but does not appear to impact mortality.
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fibrin degradation products (FDP), fibrinogen,
and D-dimer.!? These inflammatory markers are
associated with more severe illness and worse
clinical outcomes in coronavirus (COVID-19)-
affected individuals.?* Clinically, an increased

Introduction

Novel coronavirus infection with severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2)
is associated with inflammation and a prothrom-
botic state, with resultant increases in fibrin,
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risk of thromboembolic disease has been observed
in association with COVID-19 infection in
severely ill patients.>7 However, the relationship
between inflammation, severity of COVID-19
disease, and thromboembolism remains unclear,
as are the predictors of thromboembolism.
Patients with COVID-19 have an increased inci-
dence of venous thromboembolism (VTE) [deep
vein thrombosis (DVT) and pulmonary embo-
lism (PE)] despite prophylactic anticoagulation
(AC).5%8 Indeed, routine ultrasound surveillance
has reported a high incidence of VTE events in
COVID-19 patients.® Current guidelines recom-
mend using standard thromboprophylaxis for all
patients admitted to the hospital with COVID-19
infection.!%11 However, as the incidence of VTE
events remains high, strategies such as intermedi-
ate dose (double prophylaxis) or therapeutic par-
enteral anticoagulation (AC) have been
recommended by national societies.%1%13
Furthermore, there are limited data regarding
routine monitoring of coagulation markers in pre-
dicting VTE events in COVID-19 infection.
Whether typical risk factors, risk scores, or moni-
toring of coagulation factors can predict VTE
events remains unanswered. Therefore, we con-
ducted a systematic review and meta-analysis of
all available observational studies to determine
risk factors associated with VTE events in patients
with COVID-19 infection.

Methods

This systematic review and meta-analysis were
conducted according to the Cochrane collabora-
tion guidelines and reported using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Figure 1).1%15

Manuscript search and identification strategy

We performed a comprehensive search of
PubMed, EMBASE, Google Scholar, and Ovid
databases using the following search terms: ‘coro-
navirus’ or ‘SARS-CoV2’ or ‘COVID-19° AND
‘venous thromboembolism’ or ‘pulmonary embo-
lism’ or ‘deep venous thrombosis’ and their vari-
ous combinations through 15 July 2020. Obtained
studies were screened by title and abstract.
Manuscripts describing VTE in patients with cor-
onavirus were retrieved in their entirety and
reviewed for potential inclusion. In addition, ref-
erence lists of selected studies, relevant editorials,

and review articles were hand-searched to look
for additional related publications.

The following inclusion criteria were used:

e Any published studies of patients >18years
of age with COVID-19.

e Comparison of COVID-19 patients with
and without VTE.

e Reported outcomes of interest.

e Reported event rates with sample size or
odds ratio (OR) with a 95% confidence
interval (CI).

Patients with non-diagnostic or equivocal imag-
ing, and patients on AC for other reasons prior to
admission, were excluded.

‘Severe disease’ was clinically defined as patients
requiring life support, mechanical ventilation or
intensive care unit (ICU) admission, and those
who died during hospitalization.

Data extraction

Two authors (G.A., S.C.) separately extracted
data regarding baseline patient characteristics
and outcomes from the selected manuscripts
using a standardized data collection form. Any
discrepancies in extracted data and quality assess-
ment were resolved by discussion and consensus
among all authors.

Bias analysis

Bias was assessed using the Newcastle Ottawa
Scale. The funnel plot analysis estimated publica-
tion bias. Most of the studies were under the
‘excellent’ category.

Data analysis

Continuous data for baseline characteristics are
presented as means with standard deviation.
Categorical data are presented as frequencies
with absolute numbers as well as percentages. For
each study, the following information was
extracted: the surname of the first author, the
geographical region where the study was per-
formed, the type of study, sample size, baseline
demographic characteristics, proportion of
patients receiving prophylactic or therapeutic
AC, the proportion of patients with underlying
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Figure 1. PRISMA flow diagram showing search strategy for meta-analysis comparing COVID-19 patients with

and without venous thromboembolism.

VTE/PE/DVT/arterial thromboembolic events,
and D-dimer results within VTE and non-VTE
groups. A consensus resolved any variances. The
pooled risk ratio (RR) with corresponding 95%
confidence intervals (CIs) was calculated using
the DerSimonian-Laird random-effects model.!>
Heterogeneity was assessed using the chi-square-
based Cochrane Q test and quantified using the I?
statistic. I? statistic values of 25%, 50%, and 75%
were used to define low, moderate, and high het-
erogeneity, respectively, signifying the proportion
of observed variance that reflects the difference in
true effects. The statistical analysis was carried

out using Comprehensive  Meta-Analysis
(Englewood, NJ, USA) with a random-effects
model. A p-value of <0.05 was considered
significant.

Predictors of VTE events were calculated using
the random-effects model using a forest plot
(Figures 2—16, Supplementary File 2). The calcu-
lated effect size was the pooled RR and the raw
difference in mean between VTE and no VTE
events. The primary outcome of our study was to
identify the risk of VTE based on the use of pro-
phylactic or therapeutic AC, history of previous
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ASSOCIATION OF MALE SEX WITH VTE

Study name Statistics for each study Ris k ratio and 95% CI

Risk Lower Upper

ratio limit limit Z-Value p-Value
Gervaise 1.021 0.7329 1.4329 0.182 0.855 ——
Bombard 1.231 0.991 1.528 1.879 0.080 —
Faggianc 1.228 0902 1.671 1.310 0.190 =
Grillet 1.435 1.162 1.771 3.387 0.001 L]
Leconard Lorant 1.285 0.982 1.084 1.89¢ 0.058 —
Manjunath 1.143 0.825 2089 0 434 0 884 N —
Poyiadji 1.111 0.844 1.463 0.781 0.453 _—
Bavarao 0.500 0.1232 1885 -1.024 0.308 ———
Fauvel 1.244 1.088 1.421 3.195 0.001
Mestre-Gomez 1.095 0.822 1.459 o.621 0.535
Kaminetzky 1.011 0.712 1.438 0.080 0.952
W hyte 1.131 0.911 1.405 1.113 0.2¢8
Fang 1.110 0.823 1.497 0.es2 0.4895 L e
Stoneham 1.167 0.782 1.741 0.758 0.450 —
Artifoni 1.182 0.793 1.7861 0.820 0.412 i
Des borough 1.493 1.007 2.215 1.993 0.048 b
Larsen 1.326 0.988 1.781 1.877 0.0e1 —
Hippens teel 1.002 o.e7e 1.487 0.011 0.992 e
Demelo-Rodriguez et al 0.920 0e4a9 1.305 -0468 0.840 _—
Middeldorp et al 1.028 0.812 1.303 0232 0.817 e
Nahaum 1.037 0817 1.742 0.137 0.891 Cm—
Ren et al 2.042 0613 6.802 1.163 0.245 o e —
Zhang et al 1.105 0.80e 1.516 o.e21 0.524 oo
Chen 1.024 0.742 1.441 0.200 0.841 ol
Koleilat et al 1.172 0.780 1.762 0.784 0.448
Santoliquido 0.959 0.e25 1.473 “0.190 0.845 ;
Zerwes 0.262 0.018 2.884 0974 0.320

1.170 1.105 1.240 5.353 0.000 h

0.01 0.1 1 10 100

FAVOURS NO VTE FAVOURS VTE
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Figure 2. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous
thromboembolism and association with male sex.

ASSOCIATION OF SMOKING WITH VTE

Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio limit limit Z-Value p-Value

Poyiadji 0697 0467 1.042 -1760 0078 ‘
Fauvel 0578 0305 1094 -1683 0.092 =l
Mestre-Gomez 0855 0.176 4149 -0194 0846 B
Kaminetzky 0738 0.329 1657 -0.736  0.462 =
Fang 0793 0280 2242 -0438 0.661 e
Artifoni 0253 0015 4271 -0953 0.341
Larsen 0725 0039 13628 -0215 0.830
Hippensteel 0931 0332 2609 -0.137 0.891 it
Zhang et al 1458 0408 5209 0.581 0.561 —
Koleilatetal 0342 0.049 2401 -1.079 0.281

0710 0541 0931 -2474 0.013 o

001 0.1 1 10 100
FAVOURS NO VTE FAVOURS VTE

Meta Analysis

Figure 3. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous
thromboembolism and association with smoking.
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ASSOCIATION OF SEVERE TO CRITICAL ILLNESS WITH VTE

Study name Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper
ratio limit limit Z-Value p-Value
Gervaise 1100 0677 1788 0.385 0.700
Bombard 1314 0939 1839  1.590 0.112
Bavarao 0.750 0.177 3173 -0.391 0.696 ——
Fauvel 2309 1671 3190 5.074 0.000 &
Kaminetzky 1.017 0268 3868 0.025 0.980 ——
Desborough 1.172 0911 1508 1.236 0217
Hippensteel 1.117 0947 1316 1315 0.189
Nahaum 1089 0654 1813 0327 0.743
Zhangetal 1581 1294 1933 4478 0.000 &
1333 1.103 1610 2973 0.003 ]
001 0.1 1 10 100
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Figure 4. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous

thromboembolism and association with severity or crit

icalillness.

Association of Length of Stay with VTE

Study name Statistics for each study Difference in means and 95%Cl

Difference Lower Upper

inmeans  limit  limit p-Value
Bombard 1330 0250 2910 009
Desborough 11.000 3865 18135 0.003
Hippensteel 10.000 5656 14344 0000
Demelo-Rodriguez et al 2330 1520 6180 0236
Koleilat et al <1100 -3942 1742 0448

3922 0224 7620 0038 —F—
-20.00 -10.00 0.00 10.00  20.00
Favours No VTIE  Favours VTE

Meta Analysis

Figure 5. Forest plot showing results of meta-analysis
thromboembolism and association with length of stay.

VTE, presence or absence of cardiovascular dis-
ease (CVD), hypertension, heart failure (HF),
smoking, atrial fibrillation (AF), diabetes melli-
tus, cancer, chronic pulmonary disease, or renal

comparing COVID-19 patients with and without venous

disease. We also reported the association of VTE
with the severity of illness, ICU admission, and
the use of mechanical ventilation. The association
of baseline laboratory values, inflammatory

http://tac.sagepub.com
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ASSOCIATION OF ICU ADMISSION WITH VTE

Study name Statistics for each study Risk ratio and 95% Cl
Risk Lower Upper
ratio limit limit Z-Value p-Value
Bombard 3219 1607 6449 3297 0001
Gnllet 2587 1685 3971 4347 0000
Leonard Lorant 2313 1574 3398 4269 0000
Poyiadiji 1000 0636 1573 0000 1.000
Fauvel 2309 1671 3190 5074 0000
Fang 235 1035 5362 2041 0041
Stoneham 0857 038 1908 0378 0706
Attifoni 5500 2087 14491 3449 0001
Hippensteel 1117 0947 1316 1315 0189
Demelo-Rodriguezetal 1334 0412 4320 0481 0630
Middeldorp et al 3433 2577 4572 8432 0000
Renetal 1069 0535 2137 0190 0849
Zhang et al 2280 1537 3384 4092 0000
Chen 1629 0941 2818 1744 0081
Zewes 2040 1109 3753 2292 0022
1935 1465 2556 4646 0.000
001 01 100
FAVOURS NO VTE FAVOURS VTE
Meta A nalysis

Figure 6. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous

thromboembolism and association with ICU admission.

markers, D-dimer, and demographic parameters
with the risk of VTE has been demonstrated.
Finally, we tried to determine whether the pres-
ence of VTE is associated with higher mortality
risk. Prevalence of VTE events was expressed as a
percentage with VTE events among patients with
COVID-19 infection, or the percentage of com-
puted tomography pulmonary angiography
(CTPA) or compression ultrasonography (CUS)
positivity.

Results

We identified 28 studies, comprising 6053
patients with confirmed or suspected COVID-19
infection. In all studies, the diagnosis of COVID-
19 was made by either reverse-transcriptase poly-
merase chain reaction (PCR) of a nasopharyngeal
swab or by high clinical suspicion combined with
radiological features highly suggestive of COVID-
19 infection. In all studies, CTPA or CUS was
used to detect PE and DVT, respectively. The
percentage of prophylactic AC use varied widely

among studies as shown in Table 1.16-41 All
patients had a D-dimer level or imaging during
admission, and this was compared between
patients with or without VTE events. Studies
have overall male preponderance (65%). The
baseline characteristics of the study population
are presented in Table 2.16-41

The overall pooled prevalence of VTE reported in
4196 patients was 20.7%. There was no signifi-
cant association between VTE events and pro-
phylactic (mean RR: 0.86, 95% CI, 0.47 to 1.57;
p=0.63) or therapeutic AC (mean RR: 0.78,95%
CI, 0.31 to 1.95; p=0.60), with high (I?=81%)
and moderate (2=41%) levels of heterogeneity,
respectively. The risk of VTE was 17% higher in
males (mean RR: 1.17, 95% CI, 1.10 to 1.24;
$»<0.001, >=0%). Patients with previous history
of VTE trended to higher risk of developing VTE
in COVID-19 infection, although this outcome
did not reach statistical significance (mean RR:
1.57, 95% CI, 0.90 to 2.72; p=0.10, ?=33%).
Smokers had a reduced risk of VITE compared
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ASSOCIATION OF MECHANICAL VENTILATION WITH VTE

Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit  limit Z-Value p-Value
Bom bard 4023 1736 9327 3245 0.001 e
Grillet 2643 1617 4320 3877 0.000 -
Bavarao 0750 0177 3173 -0.391 0.696
Fauvel 3325 2231 495 5901 0.000 &
Kam inetzky 1017 0268 3868 0025 0980
Artifoni 10313 2300 46233 3.048 0.002 — —
Desborough 1172 0911 1508 1236 0.217
Hippensteel  1.117 0.947 1316 1315 0.189
Renet al 1.069 0535 2137 0190 0.849
Zhang et al 2423 1365 4303 3.021 0.003 2
Zerwes 2040 1109 3753 2292 0022
1906 1347 2697 3640 0.000 L]
0.01 01 1 10 100
FAVOURS NO VTE FAVOURS VTE
Meta Analysis

Figure 7. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous

thromboembolism and association with mechanical ventilation.

Association of P/F Ratio with VTE

Study name Statistics for each study Difference in means and 95% Cl
Difference Lower  Upper
inmeans  limit limit  p-Value
leonard Lorant ~ -52000 -80091 -23909 0000 S B ‘ ‘
Bavarao -16.000 -152.167 120167 0818 B
Zhang et al 99000 136314 -61686 0000 —-
Chen -20000 49950 9950  0.191
-52953 91273 -14632 0007 +——
-160.00 -80.00 0.00 80.00 160.00
FavoursVIE Favours No VTE
Meta A nalysis

Figure 8. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous

thromboembolism and association with P/F ratio.
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Association of Leukocyte Count with VTE

Study name Statistics for each study Difference in means and 95% CI

Difference Standard Lower Upper

in means error Variance  limit limit ZValue p-Value
Manjunath 5430 4918 24187 -15.069 4209 -1104 0270
Bavarao 2130 1685 2840 -1173 5433 1264 02086 =
Fauvel 2500 0.572 0328 1.378 3622 4.369 0.000 ——
Whyte 0860 0.515 0265 -0149 1869 1670 0.085 il
Fang 2880 0.841 0707 1232 4528 34286 0.001 —
Stoneham 3500 1212 1468 1525 6275 3219 0.001 —_—lG—
Artifoni -0.380 0.998 0995 -2335 1575 -0.381 0.703 ——
Desborough 0.770 1.727 2982 -4154 2614 -0448 0.656
Larsen 4050 2473 6115 -0.797 8897 1638 0.101
Hippensteel -1.000 0.925 0.855 -2813 0.813 -1.081 0.280 ——
Cuietal 1200 0.703 0494 0178 2578 1.707 0.088 —il—
Middeldom et al 0800 0.217 0047 0474 1326 4144 0.000 | |
Nahaum 2260 1634 2671 -0943 5463 1.383 0.167
Renet al -1.010 0682 0465 -2346 0326 -1.431 0.138 — B
Zhang et al 1800 0218 0.048 1472 2328 8707 0.000 .
Chen -1.330 1.087 1182 -3461 0801 -1.223 0221 ey
Koleilat et al 1870 1.355 1835 -0885 4325 1.233 0218 &
Santoliquido 1210 0.946 0895 -0644 3.064 1.279 0.201 -+
Zerwes 5800 3.778 14273 -1.605 13.205 1.53% 0.125

1110 0.313 0098 0496 1724 3543 0.000 -
$.00 4,00 0.00 4,00 8.00
Favours NoVTE  Favours VTE

Meta Analysis

Figure 9. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without venous

thromboembolism and association with leukocyte count.

with non-smokers (mean RR: 0.71, 95% CI, 0.54
to 0.93; p=0.013), with studies showing low level
of heterogeneity (I?=0%, Q=3, df=9). VTE
events were not associated with previous AF
(mean RR: 0.68, p=0.72), HF (mean RR: 1.02,
$»=0.93), CVD (mean RR: 0.87, p=0.36), hyper-
tension (mean RR: 1.01, p=0.90), diabetes mel-
litus (mean RR: 0.93, »p=0.42), pulmonary
disease (mean RR: 0.90, p=0.61), or renal dis-
ease (mean RR: 0.94, p=0.77) (Supplemental
File 3). Patients with cancer were also not at
increased risk of COVID-19-associated VTE
(mean RR: 1.19, 95% CI, 0.78 to 1.81; p=0.40;
P=46%).

Patients with severe illness had a 33% increased
risk of developing VTE (mean RR: 1.33, 95% CI,
1.10 to 1.61; p=0.003). Those requiring ICU
admission (mean RR: 1.93, 95% CI, 1.46 to 2.55;
$»<<0.001) or mechanical ventilation (mean RR:
1.90, 95% CI, 1.34 to 2.69; p<0.001) were both
twice as likely to develop VTE events. There was

a significant variation in true effect sizes based on
a high level of heterogeneity (I2=62% critically ill
group, ?=82% ICU admission group, I>?=81%
mechanical ventilation group). Patients with VTE
events had a mean P/F ratio 53 points less than
those who did not have VTE (raw difference in
mean: —52.95, 95% CI, —-91.27 to —14.63;
p»=0.007; >=72%).

VTE events were not associated with increased
mortality among COVID-19 patients (mean RR:
0.99, p=0.98, ’=44%). COVID-19 patients
with VTE events had a higher mean length of stay
(LOS) of approximately 4days compared with
patients without VTE (raw difference in mean:
3.9, p=0.038). Patients with VTE events had sta-
tistically significant higher mean D-dimer levels
as compared with patients who did not have VTE
(raw difference in mean: 3883, 95% CI, 3050 to
4715; p<<0.001). The prediction interval was
widely distributed among studies, hence a high
level of heterogeneity (I2=96%).
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Association of D-Dimer Levels with VTE

Study name Statistics for each study Difference in and 95% CI
Difference Lower Upper

in means firmit limit p-Value
Gergise 4000.000 1023.043 6978.957 0.008 PR S
Bombard 5548000 4750403 7105597 0.000 ——
Leonard Lorant 13445000 10013.748 16876.254 0.000 A
Manjunath -8150.000 -14421.206 2041.206 0.141 <
Poyiadiji 8790000 5585959 7954.041 0.000
Bavarao 1878000 -323.880 4275.850 0.092 =
Fauvel 2148000 1312.551 28983 449 0.000
Mestre-Gomez 9147.000 2505.517 15788483 0.007
Kaminezky 4858.000 2511.094 6404 506 0.000 —
W hyte 4328000 3848 408 5007.594 0.000 -
Fang 3898000 2808.842 4887158 0.000 ——
Sbneham 2500000 505508 4894.092 0.004 =
Arfifoni 1720000  833.381 2828639 0.000 ——
Desborough 2850000 534890 4365.310 0.002 ———
Larsen 4130000  871.882 7388118 0.013 i
AlSamiari 935000  B48578 1229022 0.000 [}
Hippenstes| -2554.000 -7344.056 2236.056 0.286 =
Cui etal 4400.000 2488 408 5311.594 0.000 11—
Demelo-Rodriguez etal 2784.950 2320.632 3199.288 0.000 B
Middeldorp etal 925000  B14.077 1035.923 0.000 [ ]
Nahaum 2100000 -22456835 65456895 0.355 -
Ren et al 4027.500 2141.139 5812.801 0.000 NI~ E—
Zhang et al 4500.000 4069.680 4830.240 0.000 [ )
Chen 2670.000 380789  4973.211 0.023 -
Koleilat et al 12126.000 §707.131 14544869 0.000 P
Sanbliquido 2169000 -2519.8620 BB57.620 0.285 =
Zerwes 8126.800 1867.075 14586.525 0.014

3883183 3050380 4715385 0.000 —h—
-7500.00 -3750.00 0.00 3750.00 7500.00
Favours No VTE FavoursVTE

Meta A nalysis

Figure 10. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without
venous thromboembolism and association with D-Dimer levels.

Other coagulation markers such as prothrombin
time-international normalized ratio (PT/INR),
activated partial thromboplastin time (APTT),
and fibrinogen were no different in those with and
without VTE (Supplementary File). VTE patients
had higher mean leukocyte count (raw difference
in mean: 1.11, p<0.001), C-reactive protein
(CRP) levels (raw difference in mean: 4.73,
p»=0.005), and procalcitonin (raw difference in
mean: 0.11, p<<0.001) compared with the group
without VTE. There was no correlation between
elevated ferritin (raw difference in mean: 93,
p=0.44), lactate dehydrogenase (raw difference
in mean: 12.34, p=0.52), and interleukin-6 (raw
difference in mean: 16.32, p=0.26) with incident
VTE events. VTE events were also not associated
with elevated cardiac markers such as troponin
and brain natriuretic peptide (BNP).

Discussion

The present study is one of the most comprehen-
sive systematic reviews of predictors of VTE
events, including biochemical, demographic,
comorbidity, and severity of illness, in patients
with COVID-19 infection, and its association
with mortality and LOS. To assess the publica-
tion bias, we did the funnel plot that demon-
strated publication bias to be low among studies
included in the meta-analysis.

Our analysis revealed the following key findings:
(1) Overall prevalence of VITE was 20.7%. (2)
Male sex was associated with a higher risk of VTE
events. (3) The presence of traditional VTE risk
factors such as previous history of VTE, smoking,
and cancer were not associated with an increased
risk of VTE events. (4) VTE events were
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Figure 11. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without
venous thromboembolism and association with CRP levels.

significantly higher in those who were severely ill,
required ICU admission, had low P/F ratio, and
were mechanically ventilated. (5) The presence of
chronic comorbidities like CVD, HF, renal dis-
ease, and pulmonary disease did not increase the
risk of a VTE event. (6) Patients with VTE had
higher D-dimer levels, leukocyte count, CRP,
and procalcitonin. (7) Mortality was not affected
by VTE events, but LOS was increased by 4 days.
(8) Therapeutic and prophylactic AC were not
protective.

The mechanism of thrombotic complications in
COVID-19 infection 1is poorly understood.
Thrombotic complications have been reported in
27-69% of patients with COVID-19 who are crit-
ically ill,>-8:3442:43 which is higher than published
VTE rates for HIN1 infection.** Studies have
shown reduced mortality in COVID-19 patients
with thromboprophylaxis.#45:46 This finding has

prompted the International Society of Thrombosis
and Hemostasis (ISTH) to recommend system-
atic prophylaxis in all hospitalized patients with
COVID-19 infection.#” Whether thrombo-
prophylaxis significantly reduces thrombotic
complications is unknown, particularly across dif-
ferent illness severity and clinico-biologic
spectrum.

About one in four ICU patients with COVID-19
are found to have VTE events without thrombo-
prophylaxis.2! There was a high incidence of VTE
events in ICU patients with appropriate thrombo-
prophylaxis even if they did not require initial
ICU admission.”-818 Studies showing the mortal-
ity benefits of thromboprophylaxis are mostly
confined to medically stable patients admitted in
the general medical ward.#%> In our analysis, we
did not find a significant reduction in VTE events
with either prophylactic or therapeutic AC. We
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Association of Procalcitonin with VTE
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Figure 12. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without

venous thromboembolism and association with procalcitonin levels.

Association of Previous VTE History with VTE

Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper

ratio limit limit Z-Value p-Value
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Figure 13. Forest plot showing results of meta-analysis comparing COVID-19 patients with an
venous thromboembolism and association with h/o VTE.

d without
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Figure 14. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without
venous thromboembolism and association with h/o cancer.

also reported that the risk of VTE events is higher
in critically ill, mechanically ventilated ICU
patients and those with a low P/F ratio.

An autopsy series from COVID-19 patients sug-
gests pulmonary intravascular coagulopathy
(PIC) as the potential pathogenic mechanism of
PE.48 SARS-CoV-2 induced downregulation of
ACE2 receptors with resulting upregulation of
lymphocyte function is the contributing factor for
PIC.* PE seen in the context of COVID-19
infection is segmental or subsegmental, suggest-
ing the possibility of i situ microthrombi from
severe inflammation described as immunothrom-
bosis.’® Another study supported the fact of
immunothrombosis. By showing that most of the
DVTs seen in the cohort are line-related, it was
proposed that all segmental and subsegmental PE
are related to immunothrombosis.??> Another

study reported CT finding of vascular occlusion
within the alveolar infiltrates, suggesting alveolar
and vascular inflammation as a potential cause of
in situ thrombosis.?* The study by Desborough
er al.?3 has not found any evidence that anticoagu-
lation effectively prevents the immunothrombosis
associated with COVID-19. Another case series
showed that the recommended prophylaxis dose
of AC lacked efficacy in preventing VTEs in
COVID-19 patients with advanced disease.2*

Similarly, in our study, we have not found any
correlation among VTE events with prophylactic
and therapeutic anticoagulation in COVID-19
infection. The possible explanation may be that
the pathogenesis of the VTE is likely associated
with  hypercoagulability and inflammation.
Although these factors may be interrelated, addi-
tional anti-inflammatory therapy may prove
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Figure 15. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without
venous thromboembolism and association with in-hospital mortality.

superior to the AC alone. On the contrary, the
AC dose may be an important issue determining
the effect of the treatment.

Recently, one study has shown that therapeutic
enoxaparin has improved respiratory function
and oxygen requirement for patients with
COVID-19. Although the study did not show any
data regarding VTE events, the data support the
benefit of a therapeutic dose of AC, rather than
prophylactic dose.5!

We found that elevated D-dimer is associated
with higher rates of VTE events. D-dimer has
demonstrated prognostic value in COVID-19
pneumonia with higher levels during admission
predictive of illness severity and high mortal-
ity.5253 Interestingly, elevated D-dimer does not
necessarily correlate with other inflammatory
markers, as highlighted in other studies.!8
D-dimer can also be used for prognostic informa-
tion with decreasing trends suggestive of the

effectiveness of the AC strategy in COVID-19
patients, as shown in a study by Cui ez al.?!

Moreover, it appears that the risk of VTE in
COVID-19-affected patients is unrelated to tradi-
tional risk factors such as previous VTE, cancer,
and smoking. CRP and procalcitonin, which are
markers of inflammation, are elevated in COVID-
affected patients with VTE, further suggesting that
active inflammation plays a significant role in clot
generation. It appears that the thrombi generation
in COVID-19 infection has dual pathology with
inflammation and coagulopathy playing roles
simultaneously.!> AC only addresses the coagu-
lopathy and may therefore be only partially protec-
tive for VTE events. In ICU patients with severe
disease, active inflammation is probably a principal
driver for thrombogenicity, explaining the lack of
benefit from AC alone in this subset of patients.
The potential beneficial role of steroids in COVID-
19 patients can be explained by its anti-inflamma-
tory action.>* Whether a combination of steroids
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Figure 16. Forest plot showing results of meta-analysis comparing COVID-19 patients with and without
venous thromboembolism and association with venous thromboprophylaxis.

and therapeutic AC reduces VTE events and
improves outcome in high-risk COVID-19 patients
remains to be seen but should be the subject of
further investigation.

In comparison to other meta-analysis published
on this topic, our topic has some interesting
unique features: (1) if we compare the other
meta-analysis, studies that we had included, com-
prises a large number of patients (6053) in that
specific timeline used here; (2) the pooled preva-
lence of VTE found in our study was higher than
the other studies; and (3) we also found some
new findings such as smokers having reduced risk
of VTE, AC whether therapeutic or prophylactic
not being protective, and no association between
VTE events and inpatient mortality, which makes
scope for further research.>5-62

Our study has shown moderate to high degree of
heterogeneity, which makes it difficult to inter-
pret the results. Interestingly, other meta-analysis
has shown that thromboembolism risk of COVID-
19 is high and associated with a higher risk of

mortality in contrast to our findings.®! But the
study by Henrina er al.%° showed that VTE in
patients with COVID-19 was not associated with
an increased in-hospital mortality like our study.
Another meta-analysis has showed lower VTE
prevalence in studies with mixed dosing of antico-
agulation in comparison to studies with standard
prophylactic dosing of anticoagulation.’? We
emphasize on the fact that more studies followed
by guidelines are necessary to know the actual
effect of the anticoagulation on the VTE events in
COVID-19 patients.

Limitations

Our study has certain limitations that should be
considered. Most of the studies are retrospective,
resulting in a bias. Studies are heterogeneous with
respect to study setting (stable versus critically ill
patients), inclusion criteria (all COVID positive
patients versus patients who had CTPA or CUS),
anticoagulation used, and a limited degree of fol-
low-up; during the analysis, many patients were
still in the hospital. Routine screening use of
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Table 1. Type of anticoagulation used in studies included in the meta-analysis.'¢-41

Study name

Use of anticoagulation

Bompard et al.

Al-Samkari et al.

Chen et al.
Faggiano et al.

Fauvel et al.

Koleilat et al.

Larsen et al.

Léonard-Lorant et al.

Manjunath et al.

Gomez et al.

Kaminetzky et al.

Middeldorp et al.

Ren et al.

Santoliquido et al.

Stoneham et al.

Whyte et al.

Zhang et al.

Enoxaparin 40mg once daily in medical floor
Enoxaparin 40mg every 12h in ICU
Enoxaparin 40 mg every 12h in obese patients irrespective of floor or ICU

Enoxaparin 40mg SC daily OR Unfractionated heparin 5000 U SC every 8-12h
in medical floor

Enoxaparin 40 mg SC daily OR Unfractionated heparin 5000 U SC every 8-12h
inICU

Enoxaparin 40mg SC every 12h OR Unfractionated heparin 5000- 7500 U SC
every 8h in obese patients

Low-molecular-weight heparin
Unfractionated or low-molecular-weight heparin

Daily low-molecular-weight heparin or twice daily subcutaneous
unfractionated heparin; intermediate dose (double the preventive dose); and
therapeutic dose

Low-molecular-weight heparin prophylaxis dose, subcutaneous heparin
prophylaxis, therapeutic anticoagulation (unfractionated heparin, direct oral
anticoagulant), therapeutic bivalirudin, prophylactic apixaban

Low-molecular-weight heparin prophylaxis
Low-molecular-weight heparin therapeutic dose

Prophylaxis using subcutaneous, unfractionated heparin (5000 U two times a
day), low-molecular-weight heparin (40 mg daily], or home regimen of novel
oral anticoagulants (two patients with atrial fibrillation)

Unfractionated heparin or low-molecular-weight heparin for prophylaxis
dose

Prophylactic anticoagulation: subcutaneous enoxaparin (40-60mg according
to body mass index) or subcutaneous heparin

Therapeutic anticoagulation: subcutaneous enoxaparin (1 mg/kg) twice daily
or intravenous heparin

Low-molecular-weight heparin prophylaxis dose

30 to 40 mg low-molecular-weight heparin (subcutaneous injection) once
daily

Prophylactic dose of anticoagulant (either enoxaparin 40 mg once daily or
fondaparinux 2.5mg daily)

Therapeutic anticoagulation with low-molecular-weight heparin

Therapy with enoxaparin, rivaroxaban, apixaban, edoxaban, and
unfractionated heparin infusion

Therapy with low-molecular-weight heparin

ICU, intensive care unit.
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CTPA and CUS as opposed to using these tests
based on clinical suspicion can underestimate or
overestimate results.

Conclusion

There is a high rate of VTE events in hospitalized
patients with COVID-19 infection. This is par-
ticularly so in patients in the ICU and those who
are critically ill. Predictors of VTE events are
male sex, critical illness, high D-dimer, and a
presence of higher inflammatory markers.
Traditional risk factors for VITE and baseline
comorbidity are not predictive for VTE events.
There is possibly a dual mechanism of coagulopa-
thy and inflammation in the generation of VTE in
COVID-19 infection; thus, AC alone does not
appear to be protective. There is no association
between VTE events and inpatient mortality;
however, VTE events are associated with
increased LLOS, which can further increase the
risk of additional VTE events. More randomized
controlled trials are required to better understand
the predictors of VTE events and methods of
VTE prevention in SARS-CoV-2 infection,
including the combination role with immu-
nomodulators such as steroids.
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