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Abstract

Background Coronavirus disease of 2019 (COVID-19) is associated with venous thromboembolism (VTE),

not only during hospitalization but also after discharge, raising concerns about anticoagulant (AC) use for post-
discharge COVID-19 patients. We aimed to systematically review the current literature on the possible benefits or risks
regarding extended thromboprophylaxis.

Main body We searched related databases from December 1, 2019, to October 6, 2022, including studies

on the necessity, duration, and selection of the ideal AC regarding extended thromboprophylaxis for post-discharge
COVID-19 patients. The screening of the selected databases led to 18 studies and 19 reviews and guidelines. Studies
included 52,927 hospitalized COVID-19 patients, with 19.25% receiving extended thromboprophylaxis. VTE events
ranging from 0 to 8.19% (median of 0.7%) occurred in a median follow-up of 49.5 days. All included studies and guide-
lines, except four studies, recommended post-discharge prophylaxis after an individual risk assessment indicating
high thrombotic and low bleeding risk. Studies used risk assessment models (RAMs), clinical evaluation, and labora-
tory data to identify COVID-19 patients with a high risk of VTE. IMPROVE-DD was the most recommended RAM. Direct
oral anticoagulants (DOACs) and low molecular weight heparins (LMWHSs) were the most used AC classes.

Conclusions Post-discharge prophylaxis for COVID-19 patients is recommended after an individual assessment. The
IMPROVE-DD model can help predict VTE risk. After distinguishing patients who need post-discharge AC therapy,
DOACs for 30-35 days and LMWHSs for 40-45 days can be the drug of choice. Further studies, particularly the results
of the ongoing randomized controlled trials (RCTs), are required. Also, to properly handle such patients, every
physician should consider lifestyle modification in addition to pharmacological treatment for post-discharge VTE
prophylaxis.
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Background

In December 2019, the Coronavirus disease 2019
(COVID-19) outbreak led to a pandemic [1]. As of
November 1, 2022, over 627 million confirmed cases
have resulted in more than 6.5 million fatalities world-
wide [2]. A significant number of venous thromboem-
bolism (VTE) events have been observed in COVID-19
patients, likely due to endothelium damage, immobility,
weakness, and prolonged inflammation [3]. VTE, defined
as presenting pulmonary embolism (PE) or deep vein
thrombosis (DVT), is a common medical concern associ-
ated with potentially fatal complications [4].

Due to different study designs, the prevalence of VTE
in hospitalized COVID-19 patients is variable. A previ-
ous meta-analysis review, including nearly 2000 COVID-
19 patients, reported that the weighted mean prevalence
of VTE among Intensive care unit (ICU) and non-ICU
patients was 31.3% [5]. In other studies, the VTE pooled
prevalence was 17%, with a fourfold higher VTE rate in
ICU patients [3, 6]. Due to the reduction in mortality
rate and high incidence of VTE in COVID-19 patients,
current guidelines recommend using in-hospital throm-
boprophylaxis for all hospitalized patients, especially
critically ill patients [7]. However, even after the disease’s
acute phase, patients can still experience VTE after hos-
pital dismissal. In the recent systematic reviews, post-dis-
charge VTE pooled prevalence was reported to be around
1.16-1.8%, suggesting a higher rate than other medically
ill patients [8, 9]. 80% of VTE cases occur 30—45 days
after hospital discharge [10]. Hence, the appropriate early
thromboprophylaxis for COVID-19 discharged patients
is essential.

The question to be discussed is the necessity, duration,
and selection of the ideal anticoagulant (AC) in post-
discharge COVID-19 patients. Several reviews and stud-
ies provided evidence regarding the possible benefits of
post-discharge AC therapy; for instance, The MICHELLE
randomized controlled trial (RCT) studied the necessity
and duration of extended thromboprophylaxis using oral
ACs [11]. However, as the American Society of Hematol-
ogy guideline states, studies with a high level of evidence
have spoken little about this issue, and the need for sys-
tematic review studies to summarize data and provide
high-level evidence is required [12]. Furthermore, there
are other ongoing RCTs underway, including Post-hos-
pital Thromboprophylaxis RCT (NCT04650087), Hero-
19 (NCT04542408), and XACT (NCT04640181), from
which no findings have yet been published.

Eventually, still there remains the possibility of
COVID-19 pandemic recurrence in the recent future,
the spread of new variants, and even similar pandemics
[13]. As a result, the question regarding post-discharge
thromboprophylaxis in COVID-19 patients remains
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highly relevant. This practical systematic review seeks
to provide a recommendation for physicians based on
guidelines, reviews, RCTs, and other current evidence-
based data, regarding extended thromboprophylaxis in
hospitalized COVID-19 patients without VTE diagnosis
at discharge time.

Main text

Protocol and registration

This systematic review was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and is registered on
PROSPERO (Registration Number: CRD42022365107)
[14].

Eligibility criteria

We included peer-reviewed observational studies, RCT
studies, and reviews, especially guidelines and posi-
tion papers reporting the necessity, type, and duration
of VTE thromboprophylaxis in post-discharge COVID-
19 patients. We excluded conference papers, conference
abstracts, erratums, retracted papers, correspondence
papers, book titles, and meta-analyses. We also excluded
studies carried out on animal or cellular models. Studies
had to be available in English.

Search strategy

We searched PubMed, EMBASE, Web of Science, Sco-
pus, Cochrane, and clinicaltrials.gov from December
1, 2019, to October 6, 2022. We also screened all the
review’s reference lists by hand-searching. To find rel-
evant literature for the systematic search, we used the
search query provided in Additional file 1: Appendix A.1.

Study selection

We initially screened titles and abstracts of studies for
duplication and relevance. The full text of all potentially
relevant studies was then independently studied by two
authors (R. A. and B. D.) to determine the final study
selection. Resolution of disagreement was resolved by
consensus and the third author’s final decision (M. KA.).

Data extraction

The following data were extracted by two authors (R. A.
and B. D.) from eligible articles: Study characteristics
(study titles, authors, year of publication, publication
study type, and study site country), population character-
istics (number of patients, gender, and age), percentage
of patients in the ICU setting, post-discharge thrombo-
prophylaxis name, dosage, and recommended duration of
the used AC, risk assessment tool, post-discharge events
(thromboembolic events and major bleedings), and dura-
tion of follow-ups.



Amani-Beni et al. The Egyptian Heart Journal (2023) 75:72

Risk of bias assessment

Two authors (R. A. and B. D.) assessed the risk of bias
and quality of individually selected studies using the
Newcastle-Ottawa Quality Assessment Scale (NOS)
for cohort studies [15], adapted NOS for cross-sectional
studies [16], and the Jadad scale [17] for the RCT stud-
ies (Additional file 1: Appendix A.2). NOS and adopted
NOS assess the risk of bias within domains, including the
study groups’ selection, comparability, and the ascertain-
ment of the outcome of interest. The quality of studies
was graded using the star system with a maximum pos-
sible score of 9 for NOS and 10 for adopted NOS. The
Agency for Healthcare Research and Quality (AHRQ)
standard was used to convert the NOS (good, fair, and
poor) [18]. Thresholds for converting the Adopted NOS
(very good, good, satisfactory, and unsatisfactory) were
based on a study by Herzog et al. [16]. The Jadad scale
evaluated the randomization, blinding, and description
of withdrawals with a maximum score of 5. Based on a
study by Falagas et al. [19], an RCT with a score of 2 and
above was considered a good quality study.

Data analysis

We used a qualitative analysis and presented the find-
ings with a descriptive approach, odds ratio (OR) with a
95% confidence interval (CI), and risk ratio (RR) with a
95% CI based on the included studies and the summa-
tive nature of this systematic review. A meta-analysis and
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statistical calculations were not performed because the
studies’ design and reporting differed.

Results

Search results

Our initial search in the selected databases yielded 4897
titles, including 37 studies that met the eligibility criteria.
The detailed search process is depicted in Fig. 1. 18 out
of 37 studies, including eight retrospective cohorts, seven
prospective cohorts, two cross-sectional studies, and
only one RCT (Table 1). Studies were conducted world-
wide, including nine from The United States, two from
Russia, and the other six from Norway, Brazil, Spain,
Belgium, Singapore, Iran, and England. 19 out of 37 stud-
ies were guidelines and reviews, including 14 guidelines,
four position papers, and one state-of-the-art review
(Table 2). Six Guidelines and reviews were International;
the others were from The United States, England, Brazil,
Italy, Algeria, Scotland, and Germany.

Risk of bias assessment

The systematic review included 18 studies. Four cohorts
were of good quality, and the other 11 were studies with
lower quality scores, mainly due to comparability issues.
One of the cross-sectional studies was of good quality,
and the other was of satisfactory quality. The RCT was
of good quality. The majority of included studies (12/18)

(n = 4897)

Records identified through
PubMed: 877, EMBASE: 2402, Web of science: 785,
Scopus: 560, Cochrane: 155, clinicaltrials.gov: 118

A 4

(n = 2984)

Records after duplicates removed

v

Records excluded (n =2705):
Exclude by title: 1461, Exclude by

Records screened
(n=2984)

abstract: 684, Exclude by language: 69,
Exclude by publication type: 243,

A 4

\ 4

Exclude similar review or secondary
prevention case report: 248

eligibility
(n=279)

Full-text articles assessed for

Full-text articles excluded (n = 242)

\ 4

\ 4

synthesis
(n=37)

[ Included ] [Eligibility] [ Screening ] [Identification}

Studies included in qualitative

Fig. 1 PRISMA flowchart of the literature search and selection of studies that reported about post-discharge thromboprophylaxis



Page 4 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

(%0) 0
(L96/25T
9%618) €1 - (%0) 0 %05 NDI 795 (%65) 65 L
qw
(9%0) 0 /BUQDS <JaWIP-a e yum (skep
‘9T 1/68'1 €-¢10%<310ds  Gg) buigl uegexo (I1izeig) 120z 811
skep g¢ - %/1€)S JIAIAOYAWI  ~1BALI (%001) 65 L %%S NDI 8/ (%19) 651 1Dy J91uLdny e 19 0DdeWeY
J1A 40 Aoxsiy (%S) SOVOA
e/u SNOIAId puUe 9|ewl JO \?BN._ : HMW A\Am>>_ozv HoyoH L 20¢
skep 06 "(6'0/0:9%6°0) T 510128} sl 3|q1SSOd "(9£'51) G€ e/u e/u €t 2ADadsonRY ‘[£G]"le 19 Uljoy L.
(%1°0) L
(1/€0:9%€E'L) €1 - (%0) 0 (%6'5S) 6£01L
(skep 87) (%80)
Swonedul  uegexide (%6°C1)
61-QIAOD 10 duepinb  uledexous ‘(£'98)
(%80) | uole|nbeodjue aled UBQgeXOIBAlY (YSN) uoyod 20T
skep G¢ - "(9%0) 0 a1nde-1sod YiesHoN "(%001) Z€1 e/u S (%C6Y) CEL aapdadsonsy  [og] ‘[e 18 Asunnod
(vsn)
(%9€°0) ¥ (%0) 0 [PUOI1D35-5501D et
shep 0g "(%S¥0) § "(9%0) 0 e/u (%v'€) 8¢ %/ 1'7€ NDI 09 (%eS) LTLL aAlDadsonsy ‘97 "|e 19 Syl
(%C0) L
(£0/09%L°0) € - (%60) 0 e/u [€9-€¥] S5 (%6'8E) ObY
(skep 0€) (%€'L)
uenebigep ‘(91 /)
uegexide (%9'16)
(%0) 0 UBCEXOJIBALY (eIssny) 1oyod ceoe
skep €6 - (1'0/0:9%1°0) L e/u "(96001) 2001 e/u [99-87] 65 (%9€¥) CO0L oAndadsonay  [9g] ‘|8 12 Yoopow
qw
/BuQOs <JawWip-g e yum
e/u €~ 10 £ 3102s (vSn) Hoyod 44114
skep g¢ (1/0°%1) § JLAFAOHWI - %9'6¢ NDI [8//-791989  (%/6Y)€CS oAndadsonay  ‘[99] |e 38 uybnep
(%17°0) slLa
‘(9%.£7'1) 3sluobeue
M UIWEA (96917'9)
\_Oto__cc_ ex gouu@
e/u "(9%09'£) H4N
((zavi 2 "(9%20'6) HMIN (vsn) zzoz '8
skep 0/ 9%89'7) L0OL Ad-3IAOYdWI "(%¥L'81) SE0L e/u e/u L¥S'LE  HOYod dARdRdsold  [e 32 sojnodolAds
sixe|Aydoad
noyum  sixejfydoud yapm
(%) Buipaa|g abseydsip (sAep) adA1 (%) ‘(% 31e )
-150d “(%3d/%.LAAd %) SIUIAD oN Adesayy Dy  (sAep ueipaw Jo ([YDI] ‘sieak) abe sjuaned (A1uno))  Jesp ‘(edusiayad)
dn-mojjo4 J1j0qwidoqwiolyl abieydsip-1sod |00} JudWISSISSE YSIY abieydsip-1sod ueaw) 9, HuIDS  ueIPBW 10 UBS\ Jo ‘oN 2dA£3 Apnig sioyiny

sixe|Aydoidoquioiyy abieydsip-1sod uo Hupiodal ssipnis papn|dul JO SDsLaIdRIRYD) | dlqel



Page 5 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

34 9|qissod paidad
-SNs Yum aun|ie) Aiozesd
-sal d1xodAy pabuojoid

960 0 (0660°L) L "1AQ Jo Aioasiy Ajiuey uiedexous (vsn) Apnis Lzoz 'feal
skep 06 "(60'L/0:%60'L) L "(9%0) 0 ]swip-Q pareAs|3 (%694 L e/u [PUOIDSS-SS0ID 819 Disieimels
e/U (210debuUls)
SH9IM -9 '(0/09%0) 0 - JAOHdI (9%60) 0 e/u 10402 3A133dsold 170z [0¢] ‘[e 19 uel
ulepIep
‘uegexop3 ‘uesieb
-10eQ ‘UBgEXOIRALY
‘uledexouy
‘ueqgex|dy Jo
9s0p dnnadesayy
"6t LL) ¥6b
ueqexoleAly pue
Jw/brie <sppAs| sawip-g ‘uriedexouy
Head |p/Buwol < 44D ‘uegexidy Jo
e/uU e/u [oA3] abieydsip-aid  asop sixejAydoud (¥Sn) Hoyod
skep 06 "9C1) ¥€ "(9£00) ¢ 31N 40 A103sIH "(%%99) 881 %3L'SL NDI 2AadsoRY lcoc 'fedd e
[9A3] 44D
19 JowIp-g Jayby ‘uon
-B|1IUSA 1O} paaU Ja1ealb (skep
(%0) 0 %0)0  Aexs nDI/jendsoy 1abuoj 1) uledexous (wnibjog) 120t
SHoIM 9 (0/£0%L°0) L (£0/0%/°0) L 'Uoissiupe D] 1uanbaiy "(%80) Lt (€1) %6€ NDI 1oyoD 2A1dsold  [et] e 39 usjebu3
(SEEI
—7) ulediwag Jo
urledexous bul
(950°1) L -PRPUTHMINT (uteds) Loz 142l
skep o¢ (SO'L/0:9%S0°1) | Sdd "(9%6/°5S) €5 e/u 10Y02 3AI1D3ds0Id [ 19 [2quly SOIIND
sixe|Aydoad
mnoyum  sixejfydoad yum
(%) buipaa|g abieydsip (skep) ad£1 ‘(%)
-150d ‘(%3d/%.LAQd :%) SIUIAD oN Adesayy Dy  (sAep ueipaw io ([YOI] ‘s1eaK) abe (A1uno))  1edp ‘(edudivyel)
dn-mojjo4 J1j0qwidoquoayl abieydsip-1sod ]|00) JUDWISSISSE YSIYy abieydsip-1504d uesw) 9, HudS  ueIpIW 10 UBDY 2d£1 Apn1s sioyiny

(panunuod) L ajqey



Page 6 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

(005 L <Jawip-a e yum syuaized 10y papuswiwodal) uonezijendsoy buunp sixe|fydoid payisusiul PoAI9ISI oym suaiied ‘SISOquIoIY3 JO I A JO UoIdIdSNS [B31Ul]d INOYIM ,33e)s Klojewiwejul

19dAy, 104 uonenbeodnue dnadesayl panldRl oym sjudlied (UOIIPUOD dUNWWIOINE Jo AJojewWwRul dIUOIYD pigiowod ‘Adueubaid ‘Jaoued aande “6:3) s1010e 3su 3L A Yim syudned 4 < 2102s st IAOHINI e

u1a301d 3A13DR3I-D) YD ‘21035 UoNdIPaId enped Sdd ‘WSIOqUIB0qUWIoIY}
SNOUDA 3/ ‘suejnbeOodIuE (210 1931IP DYOJ ‘6 10T O 9SeISIP SNIIABUOIOD 6 [ -JIAQD ‘HUN 318D SAISUSIUL )D] 4SWIP-J PUE WSI|OGUISOCWOIY | SNOUSA UO A135169Y UOIIUSASIJ |BIIPSI [BUOIRUIRIU| J-IAOYdWI

103IqIYuUl UIqWIOIY3 13UIP [1J ‘Uldeday pajeuondelun H4 ‘utieday 1yblam Jejndajow mo| HMWT ‘Dge|ieAe Jou b/u ‘wsijoquid Areuownd 34 ‘SISoquiolyl snouda dasp | A@ ‘uoirejnbeodnue Jy ‘abuel ajiuenbiaiul YO

Ayiedojnbeod

(s3uapyed jueu
-baud 1oy 2aM 7)
(%69 2) H4AN
"(%8¢S51) DvOd

(%0) 0 '61-QINOD ‘2inpadoid "(9%26'92) HMINT
- (0/09%0)0  1padouio Koueubaig "(%001) €1
%£7€) 9 (¥Sn) 1oyod 0z0t
skep o¢ '(90/0°%9°0) L - e/u (9%60) 0 aAIdads0naY ‘IoL] e 12 |191ed
(%0) 0 (sAep £) HMIAT (pue|bu3) 0¢0¢
skep ti (97/0%90) ¥ e/u "(%€) S HoyoD aARdadsold  ‘[e€] ‘[e 12 Aingsijes
e/u (uea)) 0¢0¢
sAep G6-Gp (C0/0:%¢0) € e/u (%9%) 1L H0YOD 2A1322ds01d ‘] e 12 1plysey
(skep o)
uegexidy pue ueq
-exolenly A|je1dadsa
e/u (9%5'8€) DVOd (VSn) 1oyod Lzot
skep o€ (£9°0/0:9%£90) € e/u "(%STh) 061 ondadsonsy  [S¢] |e 19 uesemsy
(%£0) L (%0) 0 (skep ¢1) OV (eI1ssny) 110Y0D Lzoz
syuow 9 0/£0:9%L°0) L '(%0) 0 21025 jupded "(%8) €1 andadsonay  '[ov] e 1 uljdes]
(%v°0)
uLepeM ‘(%20°0)
ueqgexoIeAlYy (%E°0)
upedexouq Jo
950p dlinadesay
(%€90) L€
(966°9) uegeXO
-JeAl pu ‘(%/°€)
Aeys Nl pue  ueqgexidy ‘(9690°0)
'95835Ip ASUPIY DIUOIYD  HAN ‘(%¢'L) ued
(%€L1) 68 'S10108) ¥SIJ Je[NdSeACIP -eX0ud JO S0P
(580/610 -1e3 'abe pasuepe onoejfydoud (vsn) 120z
skep 26 95G°1) 9/ ¥ <2103 AQ-3AOYdWI %¥8LL) L8S [£98-19€1 /19 1104oD 2Al2dsoid "[£¥] 1B 19 sluueln
sixe|Aydoad
noyupm  sixejfydoad yam
(%) buipaa|g abieydsip (sKep) ad£1 ‘(%)
-150d “(%3d/%.LAd %) SIUAS oN Adesayy oy  (sAep ueipaw to ([YO|] ‘s1eak) abe (Auno))  Jeadp ‘(9dusiagel)
dn-mojjo4 Ijoquisoquioyy 3b1eydsip-1sod |00} JuUBWISSasse Ysiy abieydsip-1sod ueaw) 9, HunISS  UBIPIW IO URSA adfy Apmig sioyiny

(panunuod) L ajqey



Page 7 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

(skep sp)

e/u

e/uU

(sKep G¢) Ajlep BwiQ| uegexOJeAlY

e/uU

(sKep 0€) Ajlep BwiQ| UergeXOIRAlY

HAMT 4O 250p doejAydoid piepuels

e/u

s buipss|g mo| e pue ysu

31 Y61y yum syusned Joj JUSWISSISSe
SU pazijenpiaipul ue Jayye sixejAydoid
-oquioiyy abieydsip-1s0d spusLILIOdY

siuaned

61-QIAOD-uou Joj paljdde euiLd

dWeSs 3yl MO||0j p[noys abieydsIp Ja1je
DV JO 95N Y1 J0J UONEeIIPUI Sy |
sixejAydoud 3 A obieydsip-1sod bul
-NUNUOD A]SU1IN0J 1SUlebR SPUSWIWIODY

s Buipasjq mo| e pue ysi

31 Y61y yum spusned Joj JUSUISSISSe
YS1 pazijenpiAlpul ue Jaye sixe|Aydoid
-0quioiy) abieydsip-1s0d SpUSWLILIOIY

su bulpasjg moj e pue ysu

31/ Y61y yum spusied Joj JUSUISSISSe
YS1 pazijenpiAlpul ue Jaye sixe|Aydoid
-oquioiyy abieydsip-1sod Jopisuod
sixejAydoud 3 A obiseydsip-1sod bul
-NUNUOD A]9UlIN0J 1SUlebR SPUSWWODY

YSu Bulpasjg moj e pue ysu

31/ Y61y yum srusned Joj JUSUISSISSe
S pazijenpIAlpul ue Jaye sixe|Aydoid
-oquioiyy abieydsip-1sod Jopisuod
sixe|Aydoid 31 A abueydsip-1sod bul
-NUNUOD A]9UlIN0J 1SUlebe SPUSWIWIOIY

SUOIIBDIPUIRIUOD INOYLM PUP SI01DB)
%S LA Yam siuanied Ul SpusUILIdsy

2bieydsIp Jaye bulpnpul ‘skep / 10} si01
-OBPSH UM 61-AIAOD YHM synpe pue
sjdoad bunoA ul snunuod sixejAydoid
-0quIoJy} [e)dSoy-U| SpUSWILLIODDY

s Buipasjq mo| e pue ysu

31/ Y61y yum spusied J0j JUSUISSISSe
S pazijenpiAlpul ue Jaye sixe|Aydoid
-oquioiyy abieydsip-1sod Japisuod
sixejAydoud 3 A obieydsip-1sod bui
-NUNUOD A]SUlIN0J 1SUlebR SPUSWILIODY

fsu buipas|q
MO| PUE 31035 IAOYII 10 2 Sdd

1oddns se
pasn aq Aew IAOYdWI PUB Sdd se yans

SINWY “(3LA PUe uone|Lqy [etie “6'3)
SUOEDIPUI [BD1UI]D DY1Dds YlM Siudlied

elyd
-oquwiolyl ‘A19bins Jofewl 1uadal ‘J A JO
A103S1Y “AMjIgowLl] ‘AduBUD][BW SAIIDY

sixejAydoidoq

-woly3 uanedul Jisyl Jo Alsuaiul 9yl Jo
sso|pJebai BuIPa9|q JO %Sl pasealdul

1€ 10U pUB JaWIP-J PIBASID YIM

€= 91035 10 7 221055 FI A JAOHIWI

e/u

(uoneioe)

‘Aoueubaid ‘Bulpas|q Jo 3su ybiy “H3)
UO[1PDIPUIRIIUOD INOYIM PUE ‘[PULIOU JO
Hwi| Jaddn ay1 anoge Jawip-g e yim
€-C 10 <40 21035 JAOIdWI

fsu buipas|q

paseaidul Ue 9ABY 10U OP OYym pue
‘UOIIR|IIUDA [EDIUBYDDU SAISRAUL IO UONE)
-11USA SAISBAUI-UOU ‘2Inssaid Aemdie oAl
-1sod snonuRUOD ‘U3BAXO Moy-ybiy 1o
MO[}-MO| paau oym syuaied 6| -QIAOD

e/uU

(Aley) suteping

(1izeig) suapInS

(leuolieul1U|) SUIIRPIND

(¥Sn) auljeping

(vSn) auljeping

(Jeuorneulaiul) autjeping

(puejbug) sulpIng

(¥Sn) auljaping

020¢ 1290120 ‘[65] ;pUl[3pIND Uelje)|

120z 43GW3AON ‘[8S] 2UIISPIND Ueljizeig

€20t ‘Meniga4 'Isy] ,dINDSI

e

‘Yolely ‘[S€] wnio4 uoneinbeodinuy 3yl

720z 'Re "[Z1] pHSY

220 "AInr ‘[0S 5HLS

220z AN LTl g3DIN

20T 19quiadas ‘Tr€] oHIN

(sAep) adAy Adesayy Hy abieydsip-1sod

uolePUBWIIODDA
Adeiayy Hy abieydsip-1sod

|00} JUSWISSSsSE Ysiy

(A13uno)) adAy Apms

a1epdn jse| ‘(aouUd1941) dweN

sixe|Aydoidoquiolyy abieydsip-1sod uo Buiiodal smalaal pue sauljspinb Jo soispaloeley) g ajqel



Page 8 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

(SY23M 9) UIW/|WOE DI 3Y3 i A|sno
-aueIndgns Aep bulpy utledexoud ‘oAn
-BUJRL|E Ue Se JO Ajlep BuQ| URGEXOJRAlY

(Ueqg

-eX14190] 10 UBgRX0IRAL ") DVOQ 'HMIN]

e/uU

(S399M 7~ 15e3) 1e)

e/uU

(499M 7) SOVOQ O SHAMIAT

(sAep O) HMWT 40 sas0p
paisnfpe-1ybiam onoeAydoid 1o Ajiep
Buipg uegexiiag Jo buig| uegexolealy

(shep Gp)
SOVOQ 1o sasop dnoejkydoid 1e SHAMINT

sixejAydoid papuaixa JO uollenul ay3 0}
Joud ((Wwi 000G <) IUNod 19(93e|d 0}
uonIppe Ul [aued uonouNny IaAI| pue
9DUBJE3[D SUIUIILID B 3ARY PINOYS
syuaned ay s Buipas|g mo| e pue ysu
31 Y61y yum spusied Joj JUSUISSISSe
YS1 pazijenpiAlpul ue Jaye sixe|Aydoid
-0quioiy) abieydsip-1s0d SpUSWILIOIY

31A40

Ask YBIY Yum 61-QIAOD Yum siusned
pazi[e1dsoy |[e 4O} SPUSUILIODY

su bulpasjg moj e pue ysu

31/ Y61y yum spusined Joj 1USWISSISSe
YSL pazijenpiAlpul Ue Jalye sixe|Aydoid
-0quioIy) abieydsip-1s0d SpUSLILIOIY

su Bulpasjg moj e pue s

J1A Y61y yum siusned Joj 1USUISSISSe
S pazijenpIAlpul ue Jaye sixe|Aydoid
-0quioIy) abieydsip-1s0d SpUSWLIWIOIY

sKep /£ 15e3| 1e 10y sixejAydoidogquioiyy
|es16ojodeweyd 1apisuod abieydsip
|43 JO 3SED U] 'UO[1eN[RASDI Jo)je
UONEDIPUIRIIUOD OU Sl I3yl JI AUl
-|lOWIW] UleIUIBW OYM SOy} IO
syuanned ¥su ybiy o) SpUSWILWLOdY

SUOIIBDIPUIRIIUOD

UMOUY OU pue sl Buipas|q moj st
31A Y61y yum syusned Joj 1USWISSISSe
SU pazijenplAlpul e Jayye sixejAydoid
-oquioiyy abieydsip-1s0d spusSLILIOdSY
Ujw/ W€ T 9due

-I1B3|2 BUIURID Y1M 3B1eYdSIp Jo)e
3S1 1A Yb1y 1e syuaned ui sixejAydoud
-oquioiyy abieydsip-1sod spUsSLILIOdY

S BuUIpa3|g MO| e pue ysi

J1A YBIY Yam siuaied Joj JusUISsasse
YSI PazijenpIAlpul Ue Jaye sixe|Aydoid
-0quIoly} 9b1eydSIp-150d SpUSWILIODRY

WYY dQ-3A0HdWI

< INOYdWI ‘(Sswin

7<) J]swip-q pa1eAd)a ‘Alljiqoudwil
21935 ‘eljIydogquuoiyl ‘J A Jo A101s1y
snoiaaid 19dued ‘Aeis nD)| ‘abe pasueApy

e/U

Aw/By g <|ag "eliydoquuoiyy
YsU-ybiy 1aoued aande ‘3| A snoiasid

ain|iey A103elidsal 1o 1eay

51U0IYD JO ‘UaH01ISD JO 3N ‘A1ISaqO
'I95UBD 9A[12E “el|IYydoquIoIyl UMOU
‘J1A 40 AI03s1Y snolaaid ‘sieak g/ < aby

ANVY 3LA IAOYdNI

VY dQ-3AO0ddNI

(obe 01

Buipiodde parsnipe pjoysaiy) aiel
[BWLIOU U3 SaWIN 7 < Jawip- ‘(sladued
'£9) AUPIGIOUIOD ‘| A JO KI03SIY ‘SIeak
0/ < 9be ‘'uonezijigoww pabuojoid

(¥Sn) auljsping

(leuolieul1U|) SUIIRPIND

(¥Sn) auljeping

(Auewiao) Jaded uonisod

(I1zeug) 12ded uonisod

(PUeOS) SUIPPIND

(jeuonieulaiu)) Joded UoRISO4

(enabyy) aulEpIND

020T ‘Ae 1G] 82104
3Se| UollenbeodIuY WSISAS YiesH

020T ‘K "[r] HLSIF-DSS

020 'dunf [19] | 1SIHD

020t 'aunf [6v] yvOd

0¢0¢ 'aunf [8¥] HHEV PuUe H1Sg

020z “AINr'[09] NOIS

020z "AINr '2s] (SVA

020¢ 1390120 "[€¥] 6HLVS

(sAep) adKy Adeisayy Hy abieydsip-1s0d

uolePUBWIWIOdDA
Adeiay Hy abaeydsip-1sod

|00} JUsWISSasse Yysiy

(A1uno)) adAy Apms

91epdn jse| ‘(>ua49jd4) dweN

(panunuod) g ajqey



Page 9 of 16

(2023) 75:72

Amani-Beni et al. The Egyptian Heart Journal

Adesay] Jejnjja) pue AdessylowsH ‘ABojo1ewSH JO UONeIDOoSSY U

SISEISOWSH pue SISoquioly] uo 331006 ueljey|

dnoJD JUSWISILIS SNSUSSUOD) 3SAUIYD) |,

SISEISOWdH PUE SISOQUIOIL | JO A191D0G [EUOIUISIU| DY} JO 931UWIWIOY) UOIIRZIPIEPUR]S PUR DYIIUBIDS |,

Zeig 3} JO 9910 SISLISOWSH PUB SISOQIOIY | Sy} PUB SISEISOWDH PUe SISOquioy] Jo A121205 uel

suepdisAyd 1sayD Jo 630D uestWwY |

KBojoibuy jo A191205 uewISD ”
eig
3I0MIDN S3UIBPING 1e163]|03191u] YS1110dS |

aupIpaly Jejndsep/ABojolbuy ur uonepunog uspuadapu| ueadoin3-SyA
Kbojoigoway pue uoisnysuesl Jo A1910s uelably 4

ABojolg 4e|ndSeA pue SISOQUIOIY L ‘SISOIS|ISOIBYRY UO dNOID BUIOM uelfe)|
s95e3SI SNOI1dR4U| pue ABojolqouI [ed1ull) Jo A13120S ueadoin]
ABojojewsH Jo A131505 uedudWY 3Y]

SISEISOWRBH PUe SISOqWIOIY ] Uo A13120S [eUOnRUIRIU| ,

92U3|[95X3 318D PUE Y3[eSH J0j 9INJISU [BUOHEN 4

Y1[eSH JO S91N11ISU| [RUONIEN ,

1UN 21BD dAISURIUI 1))/ ‘XdPUl ssew Apoq [yg ‘1PwiIp-a pue JAOYdWI Ad-IA0YdWI ‘Stuejnbeodiue |eio 12311p DYOQ ‘2103s uoidipaid enped Sdd ‘|9POW JUDWISSISSE YSI A/YY ‘WSI|OqUIS0qWIO.Y |
SNOURA UO A115169Y UOIIUSASI [BDIPSIN [RUONRUIRIU| FJAQYJWI Ulieday 1yBIam Jejndajow Mo HMINT ‘6 LOT JO 3SeISIP SNIIARUOIOD 6 [-JIAOD ‘WSI|OqUIS0GWIOIY] SNOUIA J /A ‘S|ge|ieAe Jou b/u Jue|nbeodnue Jy

S10128434S1 3| A Bunsisiad Jo
Bunsixa-a.1d Jo ased ul sixejkydoidoq

(sKep y71-/) -woiy) ab1eyds|p-150d SpUSWILIODIDY

PaJapPISUOD 3q p|NoYs
a1ed sixe|Aydoud 3| A 3usned-1no pabuoj
-o0id e ‘abieydsip Jo aulil 9y 1e J|A JO
YS11u1sIsIad e 9ARY O} paAladiad

DVOQ 12A0 HMINT — S1uapied 6 |-QIAQD 21e1apoul pue pli

351 BUIPa3|q MO| B pue %Sl

J1AYOIY Yum syuaiied Joj JUSUWISSISSe

S pazijenpIAlpul ue Jaye sixe|Aydoid

(skep G 01 dn) $OYOQ 10 HMINT  -Oquioiyl 961eydsip-150d SpUSWILODIY

192URD dADR
‘J1A snoinaid ‘€ < |Ng “AujIgow padnpal
'$10108) S ] A bunsisiad 1o bunsixs-aud

e/u

Buipas|q Jo st moj Yum

(Jewou Jo w| Jaddn sy sawin

7 <JaWlip-( pa1eAd|e pue 41adued
SAI12€ SP U2NS S311IPIqIOUW0d ‘ALljiqow
pasnpal “B3) 31 A JO 3sl paieAs]
WYY Se Sdd pue JAOYdINI 1utided

(Ajey)) Joded uonisod 020 1Hdy [9¥] 513SIS

020 '1Hdy '[z9] ,2ullopinD asaulyd

(leuolieula1U|) SUIIRPIND

(Jeuorreuaiu|) 0¢0c
M3IASY Uy-aU1-§0-31e1S DDV ‘|udy 1] sisoquiolyl 61-AIAOD (401D

uolePUSWILIODAI

(sAep) adKy Adesayy Hy abieydsip-1sod Adeiayy Hy abieydsip-1sod

|00} JuUsWIssasse sty

(A1uno)) adAy Apms 9)epdn ise| ‘(9d0uUa49)9.4) dweN

(PanunUOd) Z 3jqey



Amani-Beni et al. The Egyptian Heart Journal (2023) 75:72

were of low quality, and the others (6/18) were of high
quality (Additional file 1: Appendix A.2).

Characteristics of patients and included studies

The major characteristics of included studies are sum-
marized in Table 1. This systematic review included 18
studies with a total of 52,927 patients. Thirteen studies
reported the mean age ranging from 40 to 68.6 years.
The follow-up period of the included studies was differ-
ent, ranging from 30 to 393 days after hospital discharge
(median of 49.5 days). All the studies reported the rate
of thromboembolic events in their follow-up duration,
with a total of 1182 VTE events ranging from 0 to 8.19%
(median of 0.7%). All but three studies reported that
the PE ratio is equal to or greater than DVT. Eight stud-
ies reported the rate of post-discharge bleeding ranging
from 0 to 3.7%. (median of 0%). Only one study did not
use ACs after hospital discharge for any patients, and the
others used AC for a total of 10,088 patients (19.25% of
all) [20]. Ten studies reported the rate of ICU patients
ranging from 7.8 to 54%, where the highest rate of ICU
patients was in the MICHELLE study with the highest
ratio of post-discharge VTE events [11]. Also, the major
characteristics of included guidelines and reviews are
summarized in Table 2.

Post-discharge thromboprophylaxis: necessity, evaluation,
and AC selection
Based on the results of the included guidelines and stud-
ies, there are controversial views on post-discharge
thromboprophylaxis. All the guidelines but one [21],
and most studies (11/18), were in favor of this mat-
ter, but after an individual risk assessment; indicated
in post-discharge COVID-19 patients with high VTE
risk, low bleeding risk, and no known contraindications
(Tables 1 and 2). Li et al. reported a reduced risk post-
discharge VTE in patients who received the therapeutic
AC at discharge (OR: 0.18 and 95% CI 0.04—0.75); how-
ever, the association of post-discharge prophylactic AC
with post-discharge VTE was insignificant [22]. As the
only published good-quality RCT, the MICHELLE trial
study investigated the VTE and bleeding outcomes in the
rivaroxaban and control group at day 35. Post-discharge
thromboprophylaxis reduced the risk of VTE events by
67% in the rivaroxaban group (95% CI 0.12-0.90), and
no major bleeding occurred [11]. Nevertheless, three
cohorts and one cross-sectional study implied no role for
post-discharge thromboprophylaxis [20, 23-25]. Addi-
tionally, three cohort studies did not provide a definite
opinion on this matter [26-28].

Studies used risk assessment models (RAMs), clini-
cal evaluation, and laboratory data to identify COVID-
19 patients with high post-discharge thrombotic risk.
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Almost half of the guidelines (9/19) used RAMs which
all mentioned The International Medical Prevention
Registry on Venous Thromboembolism (IMPROVE).
IMPROVE is a RAM consisting of seven variables,
including the previous episode of VTE (3 points), known
thrombophilia (2 points), current paralysis or pare-
sis of lower-limb extremity (2 points), Current cancer
(2 points), ICU/CCU stay (1 point), immobilization (1
point), and age > 60 years (1 point), categorizing COVID-
19 patients into low (0—1 score), moderate (2—-3 score),
and high VTE risk (>4 scores) [29]. Two high-quality
studies, including Courtney et al. and Ramacciotti et al.,
reported a significant association between a higher
IMPROVE VTE risk score and receiving extended throm-
boprophylaxis [11, 30]. Accordingly, in the MICHELLE
trial study, with increasing the modified IMPROVE VTE
risk score from 2-3 to>4, the RR increased by 27% in a
way that patients with IMPROVE VTE score >4 or 2-3
with a D-dimer>500 ng/mL were suitable for receiv-
ing extended thromboprophylaxis [11]. The IMPROVE-
DD RAM with eight variables, including the D-dimer (2
points), has a similar cut-off as IMPROVE for high-risk
VTE patients, [31]. In a prospective cohort CORE-19
registry, Giannis et al. demonstrated that the IMPROVE-
DD RAM score>4 was significantly associated with an
increased risk of VTE, arterial thromboembolism, and
mortality in post-discharge COVID-19 patients (OR:
3.64 with 95% CI 2.91-4.55) [32]. Padua Prediction Score
(PPS) (4/37) and the Caprini model (2/37) were used less
in the included studies. Moreover, most included studies
(6/18) and guidelines (10/19) used clinical evaluation as
an important factor for assessing the VTE risk. 6/18 stud-
ies and 5/19 guidelines mentioned lab data, especially
D-dimer (Tables 1 and 2).

Direct oral anticoagulants (DOACs) and low molecu-
lar weight heparins (LMWHs) have been used more
than other AC classes in the reviewed studies, with 9/18
included studies and 8/19 guidelines suggesting LMWH;
8/18 included studies, and 9/19 guidelines suggesting
DOAC:s. Unfractionated heparin (UFH) and vitamin K
antagonist both with 3/18 included studies but none of
the guidelines mentioned any of these two AC classes.
Cohort studies have reported a post-discharge thrombo-
prophylaxis of 7-28 days for LMWHs and 30-35 days for
DOAC:, while in guideline studies, the range is between
14-and 45 days for both AC classes (Tables 1 and 2).

Discussion

COVID-19 disease seems to be associated with a higher
risk of VTE incidence, especially in more severe cases
[8]. This practical systematic review aimed to determine
the need to receive thromboprophylaxis and whether
post-discharge thromboprophylaxis improves outcomes,
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including decreasing VTE events accompanying low
bleeding risks. Then, identifying high-risk VTE patients
and post-discharge thromboprophylaxis management,
including the type of drug, dosage, and medication dura-
tion, will be discussed. Figure 2 provides a pragmatic
approach for managing post-discharge thromboprophy-
laxis in COVID-19 patients without VTE diagnosis at
discharge time based on the available evidence.

Should COVID-19 patients receive post-discharge VTE
thromboprophylaxis?

While several observational cohort studies, RCTs, and
guidelines studied thromboprophylaxis during and after
hospitalization, the role of post-discharge VTE thrombo-
prophylaxis remains controversial [12, 22, 33, 34]. Most
guidelines recommend against routinely continuing VTE
prophylaxis after hospital discharge [34, 35]. Still, they
suggest an individual risk assessment and using ACs
after discharge in patients with high thrombotic risk, low
bleeding risk, and no contraindications (Table 2).
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Likewise, most of the included studies in this system-
atic review agreed with post-discharge VTE thrombo-
prophylaxis if the patient’s risk assessment indicated a
high-risk situation for VTE. In between, three good-
quality cohort studies reported a significant associa-
tion between post-discharge VTE risk reduction and
extended thromboprophylaxis [22, 30, 36]. As in the
study by Li et al, this risk reduction was stated to be
82%; although, in the Courtney et al. study, the chance of
bleeding increased significantly with post-discharge AC
[22, 30]. The MICHELLE trial provided valuable informa-
tion about post-discharge VTE thromboprophylaxis. The
results showed that AC therapy in high-risk patients after
discharge reduces the VTE events, and the risk of bleed-
ing will remain unchanged [11].

Three cohort studies and one cross-sectional study sug-
gested against using extended thromboprophylaxis due
to their results that only the Eswaran et al. study was of
Good quality and the others were of studies with lower
quality scores [20, 23, 25, 37]. It is worth saying that
these four studies had the lowest average age among the

Hospitalized COVID-19 patients without VTE diagnosis at discharge time

Decision for thromboprophylaxis based on VTE risk
assessment and bleeding risk

IMPROVE-DD RAM > 4?
- Previous VTE (3 points)
- Known thrombophilia (2 points)
- Current lower-limb paralysis (2 points)
- Active cancer (2 points)
- ICU/CCU stay (1 point)
- Immobilization > 7 days (1 point)
- Age > 60 years (1 point)
- D-dimer > 2x Upper limit of normal (2 points)

Individual Risk Assessment
and

Low bleeding risk?

Yes

\ 4

No

AC therapy on discharge:

in normal range weight) for 40-45 days

- DOAGC: (e.g., 10 mg Rivaroxaban P.O/daily) for 30-35 days
- LMWH (weight-adjusted; e.g., 40 mg Enoxaparin S.C/daily

A 4

No AC therapy
on discharge

Fig. 2 Suggested algorithm for post-discharge thromboprophylaxis in COVID-19 patients. COVID-19 = coronavirus disease of 2019; VTE =venous
thromboembolism; IMPROVE-DD = International Medical Prevention Registry on Venous Thromboembolism and D-dimer; ICU =intensive
care unit; CCU=cardiac care unit; AC=anticoagulant; DOAC=direct oral anticoagulants; PO=per os; LMWH =low molecular weight heparin;

S.C=subcutaneous
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included studies. Tan et al. included patients with few
comorbidities and the IMPROVE VTE score of 0 or 1
in 91.3% of all patients [20]. Stawiarski et al. evaluated
patients with low D-dimer levels and moderate COVID-
19 disease [23]. These three poor-quality studies had few
ICU-admitted patients, which has been proven impor-
tant in increasing the risk of VTE after discharge [20, 23,
37]. The Eswaran et al. study found no correlation even
after adjusting for possible confounders such as age and
ICU admission [25]. This matter can be attributed to the
lack of accurate follow-up and AC thromboprophylaxis
in high-risk patients, which may have led to a low inci-
dence of VTE.

Recommendation

Due to the inflammatory state and the chance of post-
discharge recurrence of VTE in COVID-19 patients, we
suggest that the physicians decide on extended thrombo-
prophylaxis based on individual assessment of VTE and
bleeding risk.

Which COVID-19 patients should receive post-discharge
thromboprophylaxis? Tools, lab data, and clinical
evaluation
Predicting VTE risk, identifying hospitalized patients
with COVID-19 at high VTE risk, and discriminating
who may benefit from post-discharge thromboprophy-
laxis with a low risk of major bleeding remains a critical
clinical issue [38]. Several tools and models, including
the Caprini model, the IMPROVE VTE RAM, the modi-
fied IMPROVE RAM, the IMPROVE-DD RAM, the
PPS, and the Wells model have been used in COVID-
19 patients to assess the need for thromboprophylaxis.
IMPROVE RAM was the most applied RAM among the
studies to assess the VTE risk in post-discharge COVID-
19 patients, and the other RAMs were less used by stud-
ies or recommended by guidelines. In a study by Goldin
et al. in 9407 patients, the IMPROVE VTE RAM with-
out D-dimer demonstrated a sensitivity of 83.9% and
specificity of 29.2% [31]. MICHELLE RCT used modified
IMPROVE RAM assigned to COVID-19 patients with
IMPROVE score of >4 or 2—-3 with an elevated D-dimer
(>2 times the upper limit of normal or as stated in
MICHELE RCT with a D-dimer > 500 ng/mL) for patients
with increased risk of VTE [11, 39]. For this reason,
IMPROVE-DD eliminates the need for separate grouping
using a D-dimer and increases validity scores to a sen-
sitivity of 97.1% and specificity of 21.5% simultaneously
[31]. Furthermore, various guidelines have also suggested
the IMPROVE RAM, which is either the IMPROVE-VTE
RAM with D-dimer or IMPROVE-DD itself (Table 2).
Tsaplin et al. [40] used the original Caprini score (2005
version) and eight modified versions to predict VTE
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frequency. Among the four modifications used to predict
the risk of symptomatic VTE 6 months after discharge,
all the versions demonstrated high sensitivity and speci-
ficity, especially Caprini with D-dimer and Caprini with
COVID-19 risk scores with a sensitivity of 75% and a
specificity of 81%. However, the original Caprini score
correlates significantly with the VTE risk with the cut-off
score of seven [40]. More studies are needed to evaluate
the modified versions of the Caprini score. A retrospec-
tive cohort study also validated Caprini and IMPROVE
RAM as a practical RAM independent of each other [39].

Not all VTE risk assessments are based on models and
scores but on the patient’s lab data and clinical evalu-
ations. Lab data including D-dimers>two times upper
the normal limit (threshold adjusted according to age)
[11, 23, 30, 41-44], and pre-discharge C-reactive protein
(CRP) level >10mg/dl [22, 42] are important factors hav-
ing significant association with increasing the risk of VTE
[33]. In this regard, Li et al. reported a 3.76-fold (95% CI
1.86-7.57) and 3.02-fold (95% CI 1.45-6.29) higher risk
of VTE with patient’s peak D-dimer levels greater than
3pg/mL and pre-discharge CRP levels greater than 10mg/
dL, respectively [22].

Clinical evaluations have long been essential, with easy
access to assess the thrombosis risk. Prolonged immo-
bilization [41, 43—46], advanced age (>70-75 years) [43,
44, 47, 48], previous history of VTE [22, 4346, 48, 49],
active cancer [30, 41, 43-46, 48, 49], known thrombo-
philia [44, 45, 48, 49], and chronic heart or respiratory
failure [21, 23, 47, 48] are the most important factors
increasing the VTE risk that will be examined during
the clinical evaluation. Some clinical risk factors are not
included in IMPROVE-DD RAM. However, they are
mentioned in the included studies, including obesity, use
of estrogen, family history of VTE, comorbid chronic
inflammatory or autoimmune condition, chronic kidney
disease (CKD), recent major surgery (e.g., orthopedic
procedure), and atrial fibrillation (Tables 1 and 2). Preg-
nancy is a controversial indication; two included stud-
ies reported pregnancy as an indication [10, 30], while
the ISTH guideline [50], due to the risk of bleeding, has
reported it as a contraindication, demonstrating greater
consideration during the risk of bias assessment.

Recommendation

Clinical evaluation and laboratory data are practical
factors in AC thromboprophylaxis. The most impor-
tant clinical risk factors are prolonged immobilization,
advanced age, previous history of VTE, active cancer,
known thrombophilia, and chronic heart or respiratory
failure. In this regard, IMPROVE-DD RAM is designed
based on most of the mentioned risk factors and has
shown good efficiency in assessing high-risk VTE events
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in COVID-19 patients without VTE diagnosis at dis-
charge time.

Post-discharge VTE AC thromboprophylaxis in patients
with COVID-19: which and how?
The choice of medications, dosing, and duration of
thromboprophylaxis should be based on high-quality,
evidence-based data and guideline recommendations.
Recommended drug medication to prevent thrombosis
can be placed in four popular classes of ACs, including
LMWHs, DOACs, UFH, and vitamin K antagonists. Sev-
eral studies recommended DOACs as a post-discharge
thromboprophylaxis agent. Three high-quality studies,
including the MICHELLE trial, recommended rivaroxa-
ban 10mg daily for 30-35 days. Alternatively, apixaban
2.5mg BID and dabigatran 110mg BID can be used as the
choices of DOACs [11, 25, 36]. Also, ISTH, the antico-
agulation forum, the VAS, and the health system antico-
agulation task force guidelines favored rivaroxaban 10mg
daily for 30—-42 days [35, 50-52]. The VAS guideline also
recommended betrixaban 80mg daily for 40 days [52].
Several cohort and guideline studies recommended
LMWHs, especially enoxaparin. In this regard, Quiros
Ambel et al. provided a protocol in which patients in the
absence of hemorrhagic risk and high risk of thrombosis
should receive weight or albumin/creatinine ratio (ACR)
adjusted LMWH (enoxaparin or bemiparine) for 4-6
weeks [27]. Patients weighted <50 kg or elderly patients
with ACR<30 ml/min should receive 2500 IU sc/day
of bemiparine or 20mg sc/day of enoxaparin, patients
weighted 51-80 kg should receive 40mg sc/day of enoxa-
parin or 3500IU sc/day of bemiparine. Finally, patients
who weighed 81-100 kg and >100 kg were suggested to
receive 60mg sc/day of enoxaparin and 80mg sc/day of
enoxaparin, respectively. In the same direction, Engelen
et al. suggested enoxaparin 0.5 mg/kg daily for 14 days,
and Giannis et al. used any dose of enoxaparin<80 mg
daily [42, 47]. In addition, the health system anticoagula-
tion task force guideline recommends enoxaparin 40mg
Qday subcutaneously for 6 weeks as an alternative over
DOAGC:s [51]. Generally, apart from Li et al., all other
included studies emphasize the preference for prophy-
lactic dosage over therapeutic dosage [22]. Regarding
the selection of the recommended duration for extended
prophylaxis, the included studies have suggested a
shorter duration than the guidelines [33, 42, 47]. How-
ever, the majority of the guidelines have suggested 40—45
days [41, 43, 51, 52]. Finally, due to limitations, such as
INR checks for warfarin and the need for injection for
UFH and fondaparinux, the two classes of drugs, LMWH
and DOACs, seem to be more acceptable.
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Recommendation

If a COVID-19 patient needs extended thromboprophy-
laxis, we suggest oral AC medications such as DOACs,
especially rivaroxaban 10mg daily for 30-35 days, and
subcutaneous AC drugs such as the LMWH family,
especially weight-adjusted enoxaparin, for 40-45 days.
Depending on the specialist’s evaluation and the per-
sistence of VTE risk factors, an individual risk assess-
ment should be repeated, and, if necessary, the length of
thromboprophylaxis should be continued.

Role of lifestyle modification

The immune system and hemostasis have a close rela-
tionship, with each system protecting the host and pre-
venting the spread of foreign diseases [53]. In patients
with COVID-19, immunothrombosis has been hypoth-
esized as a pathogenic mechanism in which endothelial
dysfunction, hypercoagulability, and activation of innate
immune cells contribute to the observed prothrombotic
condition [54]. In addition, several environmental factors
can affect a person’s immune system. In order to have a
healthy lifestyle and thus a better immunity system, we
can refer to [E(e)SEEDi], which includes five fundamen-
tal items: "External and internal environment—Sleep—
Emotion—Exercise—Diet" Interventions, also known as
magic polypill [55].

Modifications such as communication with loved
ones, washing hands, 7-9 h of sleep at night, control of
obstructive sleep apnea, decreasing anxiety and depres-
sion, maintaining a healthy weight by exercise, anti-
inflammatory/antioxidant diet, quitting smoking and
reducing alcohol consumption are beneficial E(e)SEEDI
for every COVID-19 patients [55].

Cardiovascular events, including VTE, are closely
related to a person’s lifestyle, and E(e)SEED imbalance
can reduce the body’s immunity and, as a result, increase
the risk of cardiovascular events. In this regard, in addi-
tion to pharmacological treatment in post-discharge VTE
prophylaxis, every physician should consider lifestyle
modification to manage such patients thoroughly [55].

Limitation

The limitations of this study include the use of only one
published RCT and other related clinical trial studies are
ongoing and have not yet been published. For this reason,
most of the data presented in this practical systematic
review are from cohort studies and guidelines. Due to
the rapid rate of newly published articles on patients with
COVID-19 about post-discharge thromboprophylaxis,
relevant studies may have been published since the end of
our search date.
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Conclusions

COVID-19 disease is associated with a hypercoagula-
ble state that has increased VTE risk. Since COVID-19
coagulopathy persists after the acute phase of the dis-
ease, extended thromboprophylaxis remains controver-
sial. Based on this systematic review, which included
studies and guidelines, after a risk/benefit assessment,
post-discharge AC therapy can be reasonable in high-
risk patients. Clinical characteristics and laboratory
data accompanying RAMs, particularly IMPROVE-
DD, can help predict VTE risk. After distinguishing
patients who need post-discharge AC therapy, DOACs
for 30-35 days and LMWHs for 40-45 days can be the
drug of choice. Further studies, particularly the results
of the ongoing RCTs, are required to choose better
the type of AC, dosage, and duration of prophylaxis.
In addition, lifestyle modification is also an aspect to
consider when deciding to use AC for post-discharge
COVID-19 patients.
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