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Thromboprophylaxis for venous thromboembolism is widely used in critically ill patients.
However, only limited evidence exists regarding the efficacy and safety of the various
thromboprophylaxis techniques, especially mechanical thromboprophylaxis. Therefore, we
performed meta-analysis of randomized controlled trials (RCTs) that compared the overall
incidence of deep vein thrombosis (DVT) for between unfractionated heparin (UFH), low-
molecular-weight heparin (LMWH), and intermittent pneumatic compression (IPC) in
critically ill patients. A Bayesian random effects model for multiple treatment comparisons
was constructed. The primary outcome measure was the overall incidence of DVT at the
longest follow-up. The secondary outcome measure was the incidence of major bleeding,
as defined by the original trials. Our analysis included 8,622 patients from 12 RCTs. The
incidence of DVT was significantly lower in patients treated with UFH (OR, 0.45; 95% Crl,
0.22-0.83) or LMWH (OR, 0.38; 95% Crl, 0.18-0.72) than in patients in the control
group. IPC was associated with a reduced incidence of DVT compared to the control group,
but the effect was not statistically significant (OR, 0.50; 95% Crl, 0.20-1.23). The risk of
DVT was similar for patients treated with UFH and LMWH (OR, 1.16; 95% Crl, 0.68-2.11).
The risk of major bleeding was similar between the treatment groups in medical critically ill
patients and also in critically ill patients with a high risk of bleeding. In critically ill patients,
the efficacy of mechanical thromboprophylaxis in reducing the risk of DVT is not as robust
as those of pharmacological thromboprophylaxis.
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INTRODUCTION

Venous thromboembolism (VTE), including deep vein throm-
bosis (DVT) and pulmonary embolism (PE), is a common pre-
ventable complication experienced by critically ill patients hos-
pitalized in intensive care units (ICUs). The increased risk of
VTE is due to immobilization related to severe illness, sedating
medications, and invasive procedures (1). The estimated inci-
dence of DVT in critically ill patients varies from 13% to 31%,
depending on study design. DVT is responsible for most cases
of PE, a potentially life-threatening condition that has a report-
ed 30% mortality rate in the ICU (2,3).

Currently, prevention techniques for VTE in critically ill pa-
tients include pharmacological thromboprophylaxis and me-
chanical thromboprophylaxis. Pharmacological thrombopro-
phylaxis, which is often used in medical critically ill patients, in-
cludes unfractionated heparin (UFH) and low-molecular-weight
heparin (LMWH). The 9th American College of Chest Physicians
(ACCP) Antithrombotic Therapy and Prevention of Thrombosis
Guidelines suggest the use of UFH or LMWH based on low-qual-
ity evidence (Grade 2C) (4). In a recent meta-analysis, Alhazzani
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et al. (5) reported that thromboprophylaxis with any type of
heparin reduced the rates of DVT to half (pooled risk ratio, 0.51;
95% CI, 0.41-0.63). The efficacy of mechanical prophylaxis in
critically ill patients, compared to pharmacological prophylaxis,
is based on even weaker evidence. The ACCP guidelines sug-
gest the use of mechanical prophylaxis in critically ill patients
who are bleeding or at high risk for major bleeding (Grade 2C)
based on a systematic review of two randomized clinical trials
(RCTs) that included patients who underwent major orthope-
dic surgery (4,6-8). In a recent retrospective audit of 28 North
American ICUs, guideline concordance with use of pharmaco-
logical thromboprophylaxis was 95.5%. However, when consid-
ering the absolute proportion of each prophylactic interven-
tion, approximately one-fourth (9.5% mechanical prophylaxis
alone, 15.3% no prophylaxis) of the patients did not receive
pharmacological prophylaxis. The lack of pharmacological pro-
phylaxis was mainly attributed to clinical bleeding or risk of
bleeding, which together accounted for approximately 71% of
the reasons for not using an anticoagulant (9). Up to 80% of
critically ill patients experience at least one or more episodes of
bleeding, so the actual utilization rate of mechanical prophy-
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laxis is expected to be quite high, despite the lack of evidence
for efficacy and safety in this special population.

Until now, no meta-analysis has compared the efficacy and
safety of various approaches to thromboprophylaxis, including
both pharmacological and mechanical interventions, in criti-
cally ill patients. Recently, two RCTs have reported results of tri-
als evaluating the role of mechanical prophylaxis in the critical-
lyill (10,11).

Therefore, we performed a comprehensive Bayesian network
meta-analysis to compare the efficacies and safety profiles of
UFH, LMWH, mechanical prophylaxis, and no prophylaxis. We
aimed to compare the efficacies of current thromboprophylaxis
interventions and their effects on major bleeding, with particu-
lar attention paid to comparisons between intermittent pneu-
matic compression (IPC) and various types of heparin and be-
tween IPC and the control group.

MATERIALS AND METHODS

Data sources and searches

We searched PubMed, EMBASE, the Cochrane Central Register
of Controlled Trials, and the United States National Institutes of
Health Registry of Clinical Trials (www.clinicaltrials.gov) for
pertinent published and unpublished studies. Our detailed
search strategy is presented in the Online-Only Supplements.
Additional data sources included conference proceedings from
the American Thoracic Society (1994-2014), the Society of Criti-
cal Care Medicine (1994-2013), the European Society of Inten-
sive Care Medicine (1994-2014), the American College of Chest
Physicians (1994-2014), and the International Symposium on
Intensive Care and Emergency Medicine (1997-2014). The elec-
tronic search strategy was complemented by a manual review
of the reference list of each included article. Reference lists of
recent reviews, editorials, and meta-analyses were also exam-
ined. No restrictions were imposed on language, study period,
or sample size (12).

Study selection

We included RCTs that assessed the efficacy and safety of throm-
boprophylaxis for VTE, including DVT or PE, whose study pop-
ulation consisted of medical or surgical critically ill patients, in-
cluding patients with major trauma. We defined critically ill pa-
tients as those who received care in an ICU setting. Pharmaco-
logical thromboprophylaxis included any form of heparin (UFH
or LMWH) and mechanical prophylaxis included IPC or se-
quential compression devices. To be included in our analysis,
clinical outcomes of efficacy (the incidence of DVT) and safety
(the incidence of major bleeding) at the most recent available
follow-up were clearly reported. We excluded RCTs that includ-
ed pediatric patients and randomized crossover trials that as-
signed patients to multiple treatment arms simultaneously.

http://dx.doi.org/10.3346/jkms.2016.31.11.1828

Data extraction and quality assessment

For our analysis, we examined summary data reported in the
published articles. A standardized form was used to extract the
following information for each study: trial characteristics; study
design, including generation of randomization sequence, allo-
cation concealment, crossover between assigned groups, num-
ber of post-randomization withdrawals, and loss to follow-up;
number of study patients; age of patients; cause of ICU admis-
sion and underlying co-morbidities; inclusion and exclusion
criteria for the trial; detailed protocols of each intervention,
such as the dose, duration, and route of administration of phar-
macological thromboprophylaxis or application duration of
mechanical thromboprophylaxis; diagnostic modality and time
point for evaluation of VTE; length of follow-up; and clinical
outcomes regarding efficacy (the incidence of DVT) or safety
(the incidence of major bleeding) reported on an intention-to-
treat basis. The quality of eligible RCTs was assessed using the
Cochrane Collaboration’s tool for assessing the risk of bias for
RCTs (Supplementary Table 1) (13). We also reported the Jadad
score for quantitative comparison among the included trials
(14). Two investigators independently screened the titles and
abstracts, identified duplicates, reviewed full articles, and de-
termined eligibility for this analysis. Disagreements were re-
solved by a thorough discussion. The last search was performed
in June 2014.

Outcomes and definitions

The primary outcome measure was overall incidence of DVT at
the longest available follow-up. The secondary outcome mea-
sure was the incidence of major bleeding, as defined by the
original trials. We defined four treatment groups: UFH, LMWH,
IPC, and control. The control group included patients who re-
ceived no thromboprophylaxis or who were treated only with
gradual compression stockings. All patients and outcomes were
analyzed according to the group in which they were assigned in
the original study.

Data synthesis and analysis

A Bayesian random effects model for multiple treatment com-
parisons was constructed to compare the primary outcome
(the incidence of thromboembolism) among the four groups
(LMWH, UFH, IPC, and control). We used a Bayesian extension
of the hierarchical random effects model proposed by Lumley
for networks of multi-arm trials (15). Odds ratios (ORs) with
95% credible intervals (Crls) are presented as summary statis-
tics. Non-informative prior distributions were selected to allow
the data to dominate the final results. We performed Markov
chain Monte Carlo samplers in WinBUGS v.1.4.3 (MRC Biosta-
tistics Unit, Cambridge, UK), and we ran four chains with dif-
ferent starting values. A burn-in phase of 10,000 iterations was
followed by 50,000 updates; the number of burn-in iterations
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was chosen according to the Brooks-Gelman-Rubin method for
convergence checks (16). Pair-wise ORs were estimated from
the median of the posterior distribution, with Crls obtained
from the 2.5th and 97.5th percentiles. Results were considered
significant if the CrIs of the ORs did not include 1. Pair-wise in-
consistency and inconsistency between direct and indirect ef-
fect estimates were assessed with the node-splitting method,
followed by an evaluation of inconsistency among P values.
Heterogeneity across trials was evaluated by I? statistics, which
is consistent with a frequentist meta-analysis. In a pooled anal-
ysis of the secondary outcome (the risk of major bleeding), we
stratified all of the included trials according to the baseline risk
of bleeding. Since the trials showed heterogeneous risks for ma-

jor bleeding, we separately evaluated the pooled risk of bleed-
ing for each treatment group in trials that enrolled medical criti-
cally ill patients and trials that enrolled patients with major trau-
ma or a high-risk of bleeding, such as patients with overt coagu-
lopathy or active bleeding. Statistical analysis was performed
with WinBUGS v.1.4.3 and R programming language, version
3.0.2 (R Foundation for Statistical Computing, Vienna, Austria).
The k statistic was used to assess agreement between investiga-
tors for study selection. The present study was performed in
compliance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and the re-
view protocol has not been registered (Supplementary Table 2)
(17).

EMBASE
(n =159)

PubMed (Medline)
(n=108)

Cochrane database
(n=284)

v

‘ Duplicates removed (n = 254)

Articles excluded (n = 236)
- Irrelevant subjects, patients, or design (n = 180)
» - Editorials, comments (n = 5)
- Narrative review or systematic review with meta-analysis (n = 38)
- Non-randomized observational studies (n = 13)

4—{ Abstracts manually searched (n = 1)

4

Records retrieved for full article review (n = 19)

Articles excluded (n = 7)
- Patients with spinal cord injury were the main focus of trials (n = 3)
» - Mechanical ventilation was part of exclusion criteria (n = 2)
- DVT prophylaxis was administered according to a risk-stratified protocol (n = 1)
- Prospective cohort without randomization (n = 1)

4

Trials included (n = 12)
(Total patients = 8,622)

A

5 Studies 2 Studies

UFH
(n=3197)

IPC

One
3-arm trial

2 Studies

2 Studies 2 Studies

Control
(n=1,778)
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(n = 568)

Fig. 1. Flow diagram of trial selection and network plot of the meta-
analysis. (A) The flow diagram follows the guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA). (B) Network plot of meta-analysis model: each treatment is
represented by a node; the size of the node is proportional to the
sample size randomized to each group and the thickness of the line
connecting the nodes is proportional to the total randomized sample
size in each pair-wise comparison.

LMWH = low-molecular-weight heparin, IPC = intermittent pneumat-
ic compression, UFH = unfractionated heparin.

http://dx.doi.org/10.3346/jkms.2016.31.11.1828



JKMS

Park J, et al. = Meta-Analysis for Thromboprophylaxis in Critically Il Patients

(aBed 1xau 8y 01 panupuUo))

uone
-ladoaJ Bupinbal
aposida Buipas|q

uow 9 pue

aliqow
Ay usym pan
-unuoasip ‘AjlAn

9 < pue Y painb
-al) K19b.ns 8AN08[o

fue ‘Adoosopus M ¢ 18 dn-mojjo} -eladoisod shep (7)) Jofew Jo} pajnpayas
|9 Jaddn Jo1se}  juspedino /2 pue 9 J0 wnwiuiw (auifes oju0108|) (19) uonelae| Jo Aoueubeald ‘Buipss)q Aoy < obe !(kep
|001S UO pasou G skep usam) 01 A1abins 810} ogaae(d + pig pbog bw oy 19 ‘8xons olbeyLioway ‘1 |H 8In|ie} | < alea|palinbal)  (eipu) Jo} (22
-Beip Buipselq 19 -8 9sN Jelddog uowg  -8qUy¢l-| woid pemojie 10N 9S N 000'G HAN  uledexou3 :HMNT  [eusl Jo apeday sisalpelp buipselg sjuelred ||| Alleonisy  -usd BBUIS  '[e 18 8Q
(867) P1g 0S JuaLabeuew
N 000G H4N (@) BNISSaI66® 10J JUBLUYILUIWIOD JO Gg <
(patyi0ads (656) (8/%) pb O8] ‘SABP 82 BAININS 0] Pajoadxa  8109S || JHIVY 8.n|iel 18)U8d
82 ‘9 ‘v sep 10U) Spoylew pig OS auljes 1S Bw op uued 10U ‘8IN|le} [BUSI ‘UONRIIPAL JUB| uefio aidnnw ‘sisdas -nw ‘e (92)
N uo 9gn Jajddog sfep gz sfep ¢ [eniu| [BOIUBYDS)\  9IUOJOSI :0090B|d  -BX0ug HMIAT (1) -nbeodnue Jayio Joj paau JusLINdU0) aJanas A gl < aby -uopeunnp| [e 18 Loys
(951
71L'0L "2 e shep (¥G1) Pl pig 9S Bw og (Sn)suon  (12) ‘eI
N uo 93N Jejddog skep 1 N S09  0SN000'GHAN  ULedexoud :HMINT N sjusied NI -nsul 82 I8geyp|on
pajley jusu
-1eal) :Buipass|q Aydeiboibue (¥8) pb 03
[eauolladoal 1o freuownd F ‘BY QL 01 |/ Jo}
[elUBRIORIUI 1DgY ‘Apnis Jo pus NI BXY 002°G ‘pb $198)40 apIs parejal-uieday Jo
syoedz 2 Jo 18 AydelBousn A| sfep (G8) 1S 6% 0/ 03 G £10181Y ‘19pJ0SIp LOIRINBROI NIH BY 0L -G (€2)
UOISNJSUBN Jp -Y98M 83U0 HSN skep  2g-0g wnwixew pb 9g aulfes 10} | BXY 008E pajjouooun aunjie} [eusal Jo aned wbiem ‘A 0g-0p abe (9oueld) ‘18
/B60¢< dopgy Jeiddoq ‘34 Alie@ 22010z ‘Bujueam AN [Un U'N 9lU0j0S! :008Jeld  Uedixeld :HMINT -8y ‘uoiss| Buipss|q L AQ Pawuo) 'NA BuLinbal ado-3v  SNOIN 7€ assIel4
uBdS /A F -y (sn) (G2)
2/ Kiana fpms abeyo (Loy) pia Japuosip Buipas|q ‘uoneln JEIIER) ‘le18
N xo|dnp snousp\ =SIp [hun fexs ol Buung N (06€) 008%Bld  9S N 000G HAN  -Beoonue 8sop (Iny Buuinbas syusied NI 0} PeRIWPE Sjualed ajbus Joodey
uonuaA  sBuipuy vgn Jaid
-Jajul [eaifuns Joj  -dog snoioidsns
paau ‘Buipsslq 1l pa1onpuod Ayd
[eauo}iadoal o -eJBousA usw
[BIUBIOBAUI :DFY -SS9SSE [ealUl|d pajealpul uoenfeoanue Auedo|
syoedz 2 Jo Ajep 7| pue -nbr09 QIWLISAS 11y 9¢ 10} Paj|oL) (epeue)) ((s]0)]
uoisnjsuesy 1p/b 01 sfiep ussmy sfep 7| BzHpia (gt pia bw og -uodun paufewsal Jey} buipaalq 6< SSI J81u80 iRE]
0'Z < 9Sealosp qH -0q AydeJBousp skep 71 014y 9¢ > Wo. pamo|B 10N 9SN 000G H4N uuedexoud :HMINT  :Buipas|q [eluelorUl YRl 6 > SS| ‘funful 8J9A8S NPy 9|buIs SH98Y
80U81IN220
usboulq J1AJ0Jugnquie (69) (elessny)
pajaqe-|;, Buisn shep ANy 10 skep 0| pIg OS 8ules (09 pig Bujuueas BHs| obispun 0} ajgeun N9l [essuab JEIER) (02
‘W'N  Buiuuess Baj Ajreg 0LOl Y 011y g > wolq WN 0lu0loS| :008dBld DS N 000'GH4N  ‘siseisowsay padiedw LA oy > aby 0} payiwpe sjusied albuis ‘|8 18 ape)
Buipaalq 1UBLISSOSSE pouad pouad sixe|Aydod Jo (Siusned Jo ‘oN) (sjusned Jo ‘oN) BB LOISNY BUBILID LOISNOU] uone|ndod (19 jeu
Jofew Jo uomuleQ awoanQ dn-mojjo4 uonuaAa| sainseaw JaylQ [03U0) uonuanBIY| PaAJOAU|

S[eu) papnjoul Jo sonstialoRIRYY * | d|qeL

1831

http://jkms.org

http://dx.doi.org/10.3346/jkms.2016.31.11.1828



Park J, et al. < Meta-Analysis for Thromboprophylaxis in Critically Il Patients

JKMS

"UBIPINOY ‘Sanaays B pue sjas Buigny pajdepe
um Washs uoissaidwod SSIYdX3 09Ss ‘Jerely Bunseeq ‘snieredde annadeley snem ainssaid Je adA} uol] -eydwi], xipewenon ‘ong wielsAs asinduw Ay 10 81eaylesH UBIBRUNH ‘[99X UOMOL, ‘BJeau}esH UBISUNH ‘UoIMOL,

wisljoquia

-0Qu0Jy) snouaA = 3] A ‘AydesBouosein = Hgp ‘uleday pajeuoNIRIUN = H4M ‘UoNd8IUl SNOBUBINAGNS = 9S ‘S|[99 POO|] Pal = Hgy ‘Allep 80uo = pb ‘UoeuILLEXs [eaISAUd = 34 ‘Paiodal J0N = "Y'N ‘UOBIIUSA [BIILBYISW = AW ‘NI
[eaIpaLl = DA ‘ULieday yBlam Jenasjow Mo| = HANAT ‘109 Aluanss Anful = S| ‘UoissaldLuod aewnaud JuUspILLIBIUL = Dd| ‘Nun 81ed sAISUaJUl = 0] ‘UoisusLadAy = N1H ‘elusdojfooquioiy) psanpul-utiedsy = ||H ‘uigofoway = gH
‘leunsauiosed = |5 ‘Buo0ls uoissaIdwod pajenpeld = SO ‘BISayISaUR [e1auab = o) ‘SISoquioiy) Uish desp = |AQ ‘Allep 801 = pig ‘xepul SSew Apoq = [Ig ‘eseasip Areuotwnd sAONSCO d1U0JYI PAJECIaIRXS 8INJe = 0d0D-IV

(Ayredo
-lIape qui aJanes “o'l) sixejfydold

%0% >

%Ld ‘2 < onel | |de
'000'0G > 11d (€)
'paa|q 01 Ajax] UoIsa|

06 [BOJUBYO8W 0} SUOIBIIPUIRIIU0D ojueblo (g) ‘Buipas|q
9 fep pue Og ‘9A[BA 1IRSY [RIIUBYIB ‘LRI oewoydwiaAs (1) :uois (L)
uo Aydesbouos shep uo uoissiwpe (Gog)  woddns-ay| Yy g/ > aq o1 Ay J0  -Sjwpe N)| uo Buipss|q (00urL4) ‘e
W'N -ehin uojssaldwog - dn mojjo4 nol Jaye skep 9 pamojfe 10N (¢02) S99 SO9 PUB §Qdl Y 9g < Jo Aels NOI LAQ 40 AiolsIH  Jo s ybiy A gL < 8By Jslusanny uoubip
Yoom
€ 80U0 3L} (Buyo) (on
‘) pue ‘g ‘| shep uoissiwpe (¢9) sixejiyd 18]U89 ‘619
N uo Hgn Jejddoq sfep 8z NI Jaue shep gz pamojeloN  -oidoquioiy) ON (62) +0d JueINBeOJNUR JO 8sN Jeinbay D] 01 paniwpe Siusiied 3|buIg Bueyz
T0/6
0'Z T 9sealnsp ableyo
OH pue Buipas|q -SIp J8}je Yoam no| 01 Jue|nBeodnue
18A0 ‘Aunfur [eual 3U0 pue ‘Ajyoem ableyo skep 0l-/ UoISSILLpe Uo 09 10 8sn Jenfial ysu Buipss|q ybiy nol (Rosiny) (L2
NOYYM BUNBW ‘DD O} UOISSIWpPe -S|p1sod 10} UOISSIWIPE 8} 0dl uo padeld pb 93 Bw o "LAQ Jo Aasiy ‘Aunfur paod [euids Ul ewneJy [euids/pesy 18)U89 ‘e
-8y 01d02S0J0B uo Hgn Joiddog deam | Un  -Je Yy pz > wol{  alem swusied |y (09) 10dI uedexoud :HMINT -ein|e} [euss Jo aeday A | > 8by 818A8S )M Sjusled abuis  njfouny
UORUBA
-18)ul [e216.NS 10}
paau ‘Buipss|q pajoad
[eauoyadonal Jo -sns sem |AQ abieyo
[BIUBIOBAUI :0gY uaym payealput -SIp 40 Buryem LW/ Gz < |INg “foueubaid
Syoedz z 10 SE 10 Ja)jealay} 1uspusadapul (8Le) ‘ain|ie) [eual ‘shep , < [endsoy 9d| Jo} 8|qe|iene Ba| Sn) (72
uoisnjsues} Sp/6 - Apjeem pue 1y g [UN ewnel} Ja} piq 9s bw og Ul Ujewal 1o anANS 03 Ajgyijun 8UO0 pUB W 8UO ' < 18)u89 ‘e 18
0'¢ T 9Sealosp aH uyum nsn Jejddog sfep 0g  -leJy yg > Wolq PaMOo|[e 10N (722) «0dI  uiedexoud HMIATT ‘uonenBeoonue olwalsAs 1oy pasN  SS| ‘Aunful 818A8S Npy glbuis  Bunqzuiy
LONUBA paijdde
-Jayul [eaIBINs oy Sem (9d| 1o
pasu :Buipasiq $09) sixefyd uoneywi
|eauoyladosal Jo -0Jd [eoIURYD voddns-ay)| ‘foueubeld ‘shep
[elUBIORAUI :DgY AMoam ao1my -8 10 Juabe (€/8'1) 1S89] 1B 0} ND] BU} Ul UoieAsiuIW
syoedz z Jo pue uoIssiw Jue|nBeod pb 9 ogaoeld  -pe uieday ‘uoneinbeoonue opned  sAep £ < N9 Ul Urewsal 18]U89
uoisnysuesy p/0 -pe Jaye sfep ¢ [UB BAIRUIS) (€/8'1)piIg  +pbosSN000'S -BJay} 1o} pasu ‘A1sbins oipadoyy 0] pajoadxs By Gy < -nnw ‘e 61
0'ZZ 8sealosp g ulyum nsn Jeiddog  shep 00 feis ol Buung  -fe fogolodd Jad DS N 000G HAN  Uuedayeq :HMINT -10 10 A1861ns0Inau ‘ewnel) Jofe| wblem A gL < aby -uomeumni - 193104d
Buipas)q 1UBLISSBSSe pouad pouad sixejAydoud Jo (Swuaned Jo "oN) (Siusned Jo “oN) BUBILIO LOISNOX BB LOISNOL uope|ndod (o) [2uL
Jofew Jo uopiuyeq awoaNQ dn-mojjo4 uopuaBlY| saInseaw Jayl0 103U0) uonuaAa| PaAJOAU|

panuiuog | aqeL

http://dx.doi.org/10.3346/jkms.2016.31.11.1828

http://jkms.org

1832



Park J, et al. < Meta-Analysis for Thromboprophylaxis in Critically Il Patients

JKMS

RESULTS

Search results

We identified 254 citations, retrieved 19 studies for detailed eval-
uation, and obtained 12 RCTs that met our inclusion criteria
(Fig. 1A) (10,11,18-27). The characteristics and reasons for ex-
clusion of the seven eliminated studies are summarized in the
supplementary materials. The inter-observer agreement for
study selection was high (x = 0.91). The 12 RCTs included a to-
tal of 8,622 critically ill patients. The interventions for thrombo-
prophylaxis were UFH in 3,197 patients (37.1%), LMWH in 3,079
patients (35.7%), and IPC in 568 patients (6.6%). The control
group included 1,778 patients (20.6%) who did not receive any
of these interventions for thromboprophylaxis. One trial was a
3-arm trial comparing UFH, LMWH, and control groups (Fig.
1B) (26).

Trial characteristics

The main characteristics of the individual studies are summa-
rized in Table 1. Six of the 12 trials included patients in the med-
ical ICU (10,21,23,25,26) and three trials involved trauma pa-
tients admitted to the ICU (18,24,27). One trial included surgi-
cal critically ill patients (22) and two trials included both medi-
cal and surgical critically ill patients (11,19). One trial did not
specify the type of ICU (20). Fraisse et al. (23) reported a trial
conducted in patients with acute exacerbations of COPD and
Shorr and Williams (26) presented a post-hoc analysis regard-
ing the efficacy of thromboprophylaxis from a trial conducted
with sepsis patients. In all included trials, patients in the UFH
groups were treated with 5,000 U of UFH subcutaneously twice
daily. In the LMWH groups, three different preparations, fraxi-
parin, enoxaparin, and dalteparin, were administered. The dos-
ages and schedules of LMWH preparations varied among the
trials (Table 1). In all but one study, the occurrence of DVT was

Table 2. Incidence of DVT and major bleeding in each trial

measured with Doppler ultrasonography (USG); the remaining
trial employed daily leg scanning using '*I-labeled fibrinogen
(20). Supplementary Fig. 1 shows the risk of bias graph and il-
lustrates the proportion of studies with each of the judgments
for each entry in the Cochrane Collaboration’s tool. A full de-
scription of the summary of risk of bias judgments of each study
is available in Supplementary Fig. 2 and Supplementary Table 1.
Four trials with an IPC arm showed a high-risk of bias for the
blinding procedure (10,11,24,27). However, blinding of patients
and caregivers was inherently impossible in these trials and
bias from the lack of double-blinding would likely not change
the results of the current meta-analysis, since the diagnostic
modalities and methods for DVT were objective methods and
would not be influenced by the lack of blinding.

Comparison of overall risk of DVT

In all, the 12 trials included 8,622 patients with identified DVT
(Table 2) (10,11,18-27). In a pooled analysis of overall incidence
of DVT, the use of LMWH or UFH was associated with a signifi-
cantly lower risk of DVT than the control group (LMWH: OR,
0.38; 95% Crl, 0.18-0.72; UFH: OR, 0.45; 95% Cr1, 0.22-0.83). The
efficacy of LMWH in reducing the risk of DVT was similar to the
efficacy of UFH (OR, 0.86; 95% CrI, 0.47-1.48). IPC showed a
trend toward lowering the DVT risk compared to the control
group, but this difference was not significant (OR, 0.50; 95% CrI,
0.20-1.23) (Supplementary Table 3). Although LMWH and UFH
showed lower risks of DVT than IPC, the differences were not
statistically significant (LMWH: OR, 0.76; 95% CrI, 0.28-1.92;
UFH: OR, 0.89; 95% Cr1, 0.31-2.41; Fig. 2A). The significant ben-
efit of LMWH or UFH compared to the control group was con-
sistently observed in both direct and indirect estimates of the
comparisons, with acceptable ranges of statistical heterogene-
ity. In a ranking probability analysis, LMWH showed the highest
probability of reducing the risk of DVT (48.6%; Fig. 2B and 3).

DVT Major bleeding
References
LMWH UFH IPC Control LMWH UFH IPC Control

Standard risk of bleeding (medical critically ill)

Kapoor et al. (25) - 44/401 - 122/309 - -

Fraisse et al. (23) 13/84 - 24/85 6/84 3/85

Goldhaber et al. (21) 25/156  20/154 - - 3/156 3/154 -

Shorr et al. (26) 23/478  26/498 - 56/959 - -

De et al. (22) 1/81 2/75 - - 1/81 2/75

PROTECT 138/1,873 161/1,873 - - 103/1,873 105/1,873

Zhang et al. (10) - 3/79 16/83 - -
High risk of bleeding (trauma patients or surgical critically ill)

Geerts et al. (18) 401129  60/136 = 5/129 1/136

Ginzburg et al. (24) 1/218 6/224 4/218 - 4/224

Kurtoglu et al. (27) 3/60 4/60 = 2/60 = 1/60 =

CIREA1 - 10/205  16/202 = - 17/205  20/202
Bleeding risk not stated

Cade et al. (20) - 8/60 - 17/59
DVT = deep vein thrombosis, LMWH = low molecular weight heparin, UFH = unfractionated heparin, IPC = intermittent pneumatic compression.
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LMWH vs. IPC e 0.76 (0.28, 1.92) 80 |- 60
UFH vs. IPC —— 0.89(0.31,2.41)
Control vs. IPC —— 2.15(0.95, 5.05) 60
LMWH vs. UFH —o— 0.86 (0.47, 1.48)
IPC vs. UFH —— 1.12(0.41,3.24)
Control vs. UFH —e— 2.25 (1.20, 4.46) 40
UFH vs. LMWH —— 1.16 (0.68,2.11) 20 |
IPC vs. LMWH —— 1.31(0.52, 3.64)
Control vs. LMWH [T 2.62(1.39,5.52)
T : T 0
0.05 1 20 4
Favors first treatment Favors second treatment o e

Fig. 2. Comparative efficacy of thromboprophylaxis interventions in the prevention of deep vein thrombosis (DVT). (A) Estimated odds ratios (ORs) and 95% credible intervals
(Crls) for DVT from network meta-analysis for different thromboprophylaxis interventions, according to a Bayesian network meta-analysis with random effects model. The circles
and horizontal lines indicate pair-wise OR and 95% Crl, respectively. (B) Rank probability of each treatment arm for the risk of DVT. The number on the horizontal axis is the
possible rank of each treatment, from best to worst according to the outcome. The size of each bar corresponds to the probability of each treatment being at a specific rank.
LMWH = low-molecular-weight heparin, IPC = intermittent pneumatic compression, UFH = unfractionated heparin.
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IPC vs. Control

Direct 0.35 (0.1, 0.98)
Indirect | 123 (025, 6.50)
Network 017 36.6%  —® 0,50 (0.20, 1.26)

LMWH vs. Control
Direct . 0.65 (0.32,1.22)
Indirect - | 0.22 (0.1, 0.44)
Network 0.04 616% o | 0.38 (0.18.0.73)

UFH vs. Control
it . 038 007 145
ndirec | .35 (0.07, 1.
Network 076 68.8% 5 0.4 (0.22. 0.85)

LMWH vs. IPC f
It - 2300094 532
ndirec e .29 (0.34, 5.
Network 018 0% T 0.76 (0.28.1.97)

UFH vs. LMWH
Direct s 119(0.75,1.95)
Indirect e 0.89 (0.28, 3.80)
Network 0.63 0% o 115 (068, 2.09)

T T
0.01 1 100

Fig. 3. Analysis of consistency and heterogeneity in the network meta-analysis model
for the risk of deep vein thrombosis.

LMWH = low-molecular-weight heparin, IPC = intermittent pneumatic compression,
UFH = unfractionated heparin.

Comparison of overall risk of major bleeding

The incidence of major bleeding was reported in eight of the 12
trials (Table 2) (11,18,19,21-24,27). A network meta-analysis of
the eight trials showed an insignificant trend of increased major
bleeding in LMWH and UFH groups compared to the IPC and
control group (Fig. 4A and Supplementary Table 3). However,
the eight trials included four RCTs in the medical ICU and three
RCTs with trauma patients and one RCT which included pati-
ents with high risk of bleeding. Since the two groups of trials
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showed different risks of major bleeding, we separately analyzed
the risk of major bleeding in medical and surgical critically ill
patients, according to the baseline risk of major bleeding. In
medical critically ill patients with a standard bleeding risk, UFH
and LMWH conferred insignificant trend of increased major
bleeding compared with the control group (Fig. 4B). In surgical
critically ill patients with a high risk of bleeding, UFH showed a
tendency toward a decreased incidence of major bleeding com-
pared with LMWH, IPC, and control groups. However, statisti-
cal significance was not observed (Fig. 4C).

DISCUSSION

In this network meta-analysis, we aimed to compare the effica-
cy and safety of current techniques for thromboprophylaxis in
critically ill patients. We observed a significant reduction of DVT
risk with pharmacologic prophylaxis, including UFH and LMWH,
compared to the control group. The efficacies of thrombopro-
phylaxis of UFH and LWMH were similar. The risk of DVT in
patients who had mechanical thromboprophylaxis was mar-
ginally lower, but the trend was statistically insignificant. The
risk of major bleeding was not significantly different among the
UFH, LMWH, IPC and control groups in critically ill patients re-
gardless of their risk of bleeding.

To our knowledge, this is the first network meta-analysis of
contemporary thromboprophylaxis interventions in critically ill
patients and we performed multiple treatment comparisons
that were previously unavailable. Two previous meta-analyses
separately compared the efficacy of heparin to placebo (5) and
mechanical thromboprophylaxis to LMWH (28). Alhazzani et
al. (5) reported that the use of any heparin preparation was as-
sociated with a 50% reduction in the risk of DVT (pooled risk

http://dx.doi.org/10.3346/jkms.2016.31.11.1828
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Comparison 0dds ratio (95% Crl)
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IPC vs. Control —— 0.82(0.15,4.71)
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Fig. 4. Comparative safety of thromboprophylaxis interventions for the risk of major
bleeding. (A) Estimated odds ratios (ORs) and 95% credible intervals (Crls) for major
bleeding from eight trials reporting the incidence of major bleeding. (B) Estimated OR
and 95% Crl for major bleeding from four trials that included medical critically ill pa-
tients with a standard risk of bleeding. (C) Estimated OR and 95% Crl for major
bleeding from four trials that included surgical or trauma critically ill patients with a
high risk of bleeding. The circles and horizontal lines indicate Bayesian ORs and 95%
Crls, respectively.

ratio 0.51; 95% Crl, 0.41-0.63; P < 0.001; I* = 77%) compared to
placebo. The difference in DVT risks between UFH and LMWH
was not significant. In the current meta-analysis, we evaluated
12 RCTs, 10 of which included any heparin. Like the previous
analysis, we observed a significant reduction in the risk of DVT
with heparin compared with the control group (LMWH: OR,
0.38; UFH: OR, 0.45). Since the last evidence synthesis, no addi-
tional trial directly comparing the efficacy of heparin to the con-
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trol group was reported, so the greater estimated risk reduction
reported in our results is likely attributable to the indirect com-
parison of LMWH to the control group via IPC. We observed
comparable efficacies of UFH and LMWH, which was also in
agreement with the previous analysis.

Contrary to pharmacologic thromboprophylaxis, little evi-
dence is available to guide clinicians in the efficacy of mechani-
cal thromboprophylaxis. Current ACCP guidelines are based on
two RCTs that compared the effect of IPC plus anticoagulation
vs. anticoagulation alone in patients undergoing major ortho-
pedic surgery, not in critically ill patients (4,6-8). Despite the
extensive use of mechanical prophylaxis in critically ill patients,
evidence is limited to only one meta-analysis that included only
two RCTs comparing IPC and LMWH (28).

In our current analysis, the efficacy of IPC in preventing DVT
was evaluated more precisely than in the previous meta-analy-
sis. We included two recent trials (10,11) that directly compared
the efficacy of IPC to a control group and also indirectly com-
pared IPC to a control group via LMWH arms. Additional inclu-
sion of recent trials and indirect comparison via network model
in our analysis expanded the evidence for evaluating the effica-
cy of IPC as thromboprophylaxis. We observed a trend of re-
duced DVT risk with IPC compared to the control group, but
the reduction was not statistically significant. The use of IPC is
relatively widespread and unrestricted in routine practice, but
our results question the evidence of thromboprophylactic effi-
cacy of IPC. Moreover, recent report of a prospective cohort
shows that nonleg venous thromboses are found in 2.2% of med-
ical-surgical critically ill patients, primarily in deep veins and
proximal veins (29). It could be explainable that the relatively
inferior efficacy of IPC to systemic pharmacological thrombo-
prophylaxis might be attributable to the increased incidence of
nonleg venous thrombosis.

The risk of major bleeding is an important outcome of throm-
boprophylaxis in critically ill patients, since major bleeding events
can be potentially life-threatening. Additionally, both bleeding
itself and subsequent discontinuation of thromboprophylaxis
adversely affect clinical outcomes in the ICU. The risk of bleed-
ing is one of the main determinants of thromboprophylaxis strat-
egy, so we separately analyzed this outcome in medical and
surgical critically ill patients. In patients with a standard risk of
bleeding (medical critically ill patients), the LMWH, UFH, and
control groups did not show differences in the risk of major blee-
ding. In patients with a higher risk of major bleeding (surgical
critically ill patients, including trauma patients), UFH was insig-
nificantly associated with less major bleeding than the LMWH],
IPC, or control groups. However, this result is primarily driven
by the results of one RCT that compared LMWH and UFH in
patients with major trauma. After reviewing all six major bleed-
ing episodes (1 with heparin vs. 5 with LMWH), the percentage
of patients who required a transfusion, and the amount of trans-
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fusion needed, the authors of the trial concluded that the differ-
ence in major bleeding risk between UFH and LMWH was not
significant.

In the current guidelines, as well as in routine daily practice,
the choice of thromboprophylaxis largely depends on a patient’s
risk of bleeding. Therefore, the current analysis should be ap-
plied to patients according to individual bleeding risk. In criti-
cally ill patients with a standard risk of bleeding, pharmacologic
thromboprophylaxis with any form of anticoagulant is likely the
intervention of choice.

On the basis of our results, we are concerned that mechani-
cal thromboprophylaxis is over-used in critically ill patients with
a high risk of bleeding. As shown in the current meta-analysis,
the evidence supporting the efficacy of IPC in DVT prophylaxis
is not as robust as the evidence supporting pharmacological
thromboprophylaxis. Moreover, patients with trauma and ma-
jor surgical procedures did not show significantly increased
risks of major bleeding with pharmacological thromboprophy-
laxis. Further, mechanical thromboprophylaxis can cause the
spread of nosocomial infections, induce mechanical problems
of the lower extremity, and dislodge pre-formed DVT that can
result in fatal PE (30-32). Such potential safety issues are more
pronounced in critically ill patients. In addition, the routine use
of IPC places a higher economic burden on the healthcare sys-
tem, especially in developing countries with limited resources
for critical care medicine. Therefore, in patients without evidence
of active bleeding or risk of life-threatening bleeding, pharma-
cological thromboprophylaxis could be a more effective, equal-
ly safe, and less expensive measure for the prevention of VTE.
Patients currently categorized as having a high risk of bleeding
may be better sub-categorized according to their actual bleed-
ing risk. The actual risk of major bleeding in various patient
groups, such as critically ill patients with bleeding risk due to
trauma, post-surgical patients, not including intracranial or in-
traocular surgery, and patients with a recent history of major
bleeding in an internal organ, should be further tested in future
trials. In addition, given the limited evidence regarding the effi-
cacy of mechanical thromboprophylaxis, more studies evaluat-
ing the role of mechanical prophylaxis are required in critically
ill patients, especially those who cannot tolerate systemic anti-
coagulation.

Our analysis has some important limitations. First, this meta-
analysis included clinically and methodologically diverse stud-
ies. Although we included only RCTs in the final analysis and
achieved insignificant statistical heterogeneity, the study designs
and populations differed. In addition, this was a study-level me-
ta-analysis, so data from individual patients were not included
and, therefore, we could not adjust for patient-level confound-
ers. Second, different diagnostic methods were used for the eval-
uation of DVT. Although most of the studies reported results of
Doppler ultrasonography, one trial used *I-labeled fibrinogen
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leg scans and another trial performed venography at the end of
the study. Third, the follow-up durations were diverse among
the trials, ranging from 14 days to 6 months. Fourth, the defini-
tion of major bleeding varied slightly among the included trials.
Finally, we focused on DVT as the primary outcome. Reduced
risk of DVT cannot directly correlate with reduced risk of PE.
However, PE was not diagnosed by universal screening of pa-
tients and all trials that reported the incidence of PE performed
confirmative diagnostic tests only in patients who were clini-
cally suspected of having a PE. Therefore, the pooled analysis
with PE is prone to bias.

In critically ill patients, the efficacy of mechanical thrombo-
prophylaxis in reducing the risk of DVT is not as robust as those
of pharmacological thromboprophylaxis. The risk of bleeding
does not appear to be significantly influenced by the use of hep-
arin, even in patients with a high risk of bleeding. The choice of
best thromboprophylaxis technique still needs further investi-
gations.
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