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ABSTRACT

Objective To assess the effectiveness of system-wide
interventions designed to increase the implementation of
thromboprophylaxis and decrease the incidence of venous
thromboembolism (VTE) in hospitalised medical and
surgical patients at risk of VTE.

Design Systematic review and meta-analysis of
randomised controlled trials (RCTSs).

Data sources Medline, PubMed, Embase, BIOSIS,
CINAHL, Web of Science, CENTRAL, DARE, EED, LILACS
and clinicaltrials.gov without language restrictions from
inception to 7 January 2017, as well as the reference lists
of relevant review articles.

Eligibility criteria for selecting studies RCTs that
evaluated the effectiveness of system-wide interventions
such as alerts, multifaceted, education, and preprinted
orders when compared with no intervention, existing policy
or another intervention.

Results We included 13 RCTs involving 35997 participants.
Eleven RCTs had data available for meta-analysis.
Compared with control, we found absolute increase in

the prescription of prophylaxis associated with alerts

(21% increase, 95% Cl [15% to 275%)]) and multifaceted
interventions (4% increase, 95% Cl [3% to 11%)), absolute
increase in the prescription of appropriate prophylaxis
associated with alerts (16% increase, 95% CI [12% to 20%)])
and relative risk reductions (risk ratio 64%, 95% Cl [47% to
86%)]) in the incidence of symptomatic VTE associated with
alerts. Computer alerts were found to be more effective than
human alerts, and multifaceted interventions with an alert
component appeared to be more effective than multifaceted
interventions without, although comparative pooled analyses
were not feasible. The quality of evidence for improvement
in outcomes was judged to be low to moderate certainty.
Conclusions Alerts increased the proportion of patients
who received prophylaxis and appropriate prophylaxis, and
decreased the incidence of symptomatic VTE. Multifaceted
interventions increased the proportion of patients who
received prophylaxis but were found to be less effective
than alerts interventions.

Strengths and limitations of this study

» This review was conducted following the Cochrane
Handbook for Systematic Reviews of Interventions.

» We included all randomised controlled trials relevant
to our research question.

» We preferentially accounted for clustering designs
using the intracluster correlation coefficient (ICC)
where available. ICCs were not provided in many
study reports, leading to confidence intervals that
may be narrower than if clustering had been ac-
counted for.

» The quality of the evidence in this updated review
was limited by the methodological quality of includ-
ed trials.

Trial registration number CD008201.

INTRODUCTION

Compared with persons in the community,
hospitalised medical and surgical patients are
at approximately 50% higher risk of devel-
oping venous thromboembolism (VTE),
which includes deep venous thrombosis
(DVT)' ? and pulmonary embolism (PE).
VTE that occurs during or within 3months
after hospitalisation underlies >50% of all
cases of the population burden of VIE.*”
VTE is a frequent complication in hospital-
ised medical and surgical patients, a leading
cause of mortality and morbidity in hospi-
talised patients (60000-100000 deaths per
year),’ a leading cause of increased hospital
costs (at least $600million per year) and
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length of hospital stay, and PE is the third leading cause
of preventable death and disability in hospital.”!

The appropriate use of thromboprophylaxis in hospi-
talised patients at risk of VIE has been shown to be safe,
effective and cost-effective. Therefore, many interna-
tional clinical practice guidelines have recommended
the use of thromboprophylaxis (eg, pharmacologic and/
or mechanical modalities) in targeted groups of hospi-
talised medical and surgical patients at risk of VTE.'*™!
The prevention of VIE was ranked as the number 1 of
79 strategies aimed to improve patient safety in hospi-
tals,”” and interventions to increase thromboprophylaxis
prescriptions have been classified as a strongly encour-
aged patient safety practice.” ** Nonetheless, a clear gap
exists between the available evidence and the implemen-
tation of the appropriate use of thromboprophylaxis into
day-to-day clinical practice.”™ System-wide interven-
tions, by reaching the healthcare system as a whole, could
help to improve prescription of appropriate thrombopro-
phylaxis and ultimately reduce the risk of VIE in hospital-
ised medical and surgical patients at risk of VTE.*

In our previous Cochrane systematic review, we assessed
the effectiveness of various system-wide interventions
designed to increase the implementation of thrombo-
prophylaxis in hospitalised medical and surgical patients
at risk of VTE.” We identified various system-wide inter-
ventions such as simple distribution of guidelines, audit
and feedback (eg, review of performance); preprinted
orders (eg, written, predefined orders, which can be
completed by the physician on paper or electronically);
the use of automatic reminder systems that include alerts
(eg, human alerts, by a trained nurse, pharmacist or staff
member; or computer, electronic alerts); multifaceted
approaches that combine different types of interventions
(eg, combination of education, audit and feedback and
alerts) and educational interventions, which focus on the
teaching and learning process by organising educational
events (eg, grand rounds, self-administered courses).

This article presents the results of an update of our
previous Cochrane review on the effectiveness of system-
wide interventions designed to increase the use of throm-
boprophylaxis and decrease the incidence of VIE in
hospitalised medical and surgical patients at risk of VTE.
In this updated review, we focus exclusively on the higher
level of evidence provided by randomised controlled
trials (RCTs), whereas our previous review also included
observational studies. The implementation of effective
interventions could help clinicians and other health-
care professionals to improve the use of appropriate
thromboprophylaxis in hospitalised medical and surgical
patients at risk of VIE, and thereby reduce the morbidity
and mortality associated with this preventable hospital
complication.

METHODS
This is an abridged, stand-alone version of an updated
Cochrane systematic review.”> The protocol and the

previous Cochrane review can be accessed from the
. 35 37
Cochrane Library.

Inclusion criteria

Study type

We included all types of RCTs, namely RCTs with random
or quasi-random (eg, pseudo-randomisation such as even
or odd date of birth) methods of allocation of interven-
tions, which either randomised individuals (eg, parallel
group, crossover or factorial design RCTs) or groups of
individuals (cluster RCTs [CRTs]), and whose interven-
tions aimed to increase the use of prophylaxis and/or
appropriate prophylaxis, and/or decrease the propor-
tion of symptomatic or asymptomatic VIE in hospitalised
adult patients. The control group comparison could be
‘no intervention’, an existing policy or another type of
intervention.

Studies were included only if the following charac-
teristics were met: (1) the study design, population and
intervention were clearly described; (2) study data were
provided separately by intervention group and for VIE
outcomes and (3) VIE was diagnosed using objective
and accepted criteria. Studies and abstracts could be in
any language. We excluded observational studies, studies
in which the intervention was a simple distribution of
published guidelines, and studies whose interventions
were not clearly described.

Participants

Participants included hospitalised acutely and criti-
cally ill adult medical or surgical inpatients (age range,
18-99years), their physicians, residents or nurses, or, in
the case of CRTs, the cluster unit (eg, ward, hospital and
physician practice).

Interventions

Any strategies targeted to individuals or to cluster units
that aimed to increase the use of thromboprophylaxis
in hospitalised patients at risk of VIE and/or decrease
the rate of symptomatic or asymptomatic VITE. Examples
of interventions include alerts (eg, computer alerts or
human alerts), multifaceted interventions (eg, combina-
tion of education, audit and feedback and alert), educa-
tional interventions (eg, grand rounds, self-administered
course) and preprinted orders interventions (eg, written
predefined orders that can be completed by the physician
on paper or electronically if they choose to).

Outcomes

The primary outcome of interest was the increase in the
proportion of patients who received either pharmaco-
logic or mechanical prophylaxis.

Secondary outcomes

1. Increase in the proportion of patients who received
appropriate prophylaxis (defined by study authors as
appropriate according to consensus, local or interna-
tional thromboprophylaxis guidelines) (note: ‘appro-
priate prophylaxis’ signifies that the patient received
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the proper treatment whether or not he/she received
prophylaxis, ie, received prophylaxis in an atrisk pa-
tient, or did not receive prophylaxis in a low-risk
patient).

2. Decrease in the proportion of patients who develop
any, symptomatic or asymptomatic, VIE.

3. Decrease in the number of deaths.

4. Safety of the intervention.

Search methods

We did a systematic literature database search in Medline
(Ovid), PubMed, Embase (Ovid), BIOSIS Previews
(Ovid), CINAHL, Web of Science, Cochrane (including
the Cochrane Central Register of Controlled Trials), the
Database of Abstracts of Reviews of Effects and the NHS
Economic Evaluation Database, Latin American and
Caribbean Health Sciences Literature and clinicaltrials.
gov from inception to 28 July 2015. After 28 July 2015,
we updated the literature search monthly until 7 January
2017, when our database was closed. The search strategies
comprised a combination of Medical Subject Headings or
their equivalent (where available), keywords, truncations
and Boolean operators (see online supplement). We also
hand searched the reference lists of relevant retrieved
studies including narrative and systematic reviews to find
additional potentially relevant articles from inception to
7 January 2017. Studies of any languages were searched.

Study selection

Two review authors independently reviewed titles,
abstracts and full texts of each study and indicated on a
Study Eligibility Form if it should be included, excluded
or undecided. Disagreements regarding study inclu-
sion were resolved by discussion between the two review
authors and, if necessary, by involving a third indepen-
dent review author.

Data extraction and handling of missing data

Two review authors independently extracted data
from the included articles. The data obtained for each
study were entered in duplicate into two identical data-
bases that were designed by Information Management
Services of the Lady Davis Institute in Montréal, Canada.
The two databases were compared for inaccuracies
and any data entry errors were corrected. If agreement
on the data entered for a given data field could not be
reached between the two extractors, a third extractor was
consulted. A third, final database was populated with the
final corrected data.

The data abstraction form included the following:

1. Description of study design: parallel-group, cross-
over, cluster or factorial design, including cluster unit
and intracluster correlation (ICC) if available.

2. Description of the randomisation procedure (unit of
randomisation and analysis).

3. Description of study period, years of enrolment,
year of publication, duration and completeness of
follow-up.

4. Description of study setting (hospital or centre char-
acteristics): number of centres, university-affiliated
hospital, community hospital, physician practice,
type of healthcare system (public vs private), depart-
ments included.

5. Description of physicians: number of physicians, phy-
sician specialties.

6. Description of patients: patient types (medical, surgi-
cal, trauma, other), inclusion and exclusion criteria,
number of patients screened and included, average
age, percent male, comorbidities and individual VTE
risk profile (eg, age, sex, cancer patient and cardiac
patient).

7. Description of study intervention (active and control
arms): type of intervention (alerts, multifaceted in-
terventions, educational interventions, preprinted
orders, other), intervention components (alert, no
alert), type of alert (computer alert, human alert),
timing of intervention (before or concurrent with in-
tervention group).

8. Description of VTE prophylaxis: pharmacologi-
cal (type, dose), mechanical, appropriateness (defi-
nition and assessment).

9. Method of VTE screening and diagnosis.

10. Description of study outcomes (raw data and effect
estimates).
11. Risk of bias (ROB).

Time point of outcome assessment

We used the end-of-trial follow-up for all outcomes as all
included studies were CRTs or parallel group trials, and
there were no cross-over trials. For withdrawals whether
or not due to adverse events, we used the longest on-treat-
ment follow-up data available. For studies with more than
one time point of outcome assessment, we used the most
recent follow-up data.

Risk of bias of studies

The methodological quality of included trials was inde-
pendently assessed by two review authors based on the
Cochrane Collaboration's tool for assessing the ROB.”
Disagreements were resolved by discussion with co-au-
thors. We assessed all seven domains that are potential
sources of bias, and rated them as high, low or unclear
ROB. We assessed all items listed as other potential
sources of bias such as trial design biases (eg, carry-over
in cross-over trials, selective reporting bias in multiple
intervention studies and recruitment bias in CRT); early
study stopping for benefit; severe baseline imbalances
and inappropriate influence of study funders that may
compromise the internal validity of the study.38 We also
assessed the overall ROB for each of the included studies
(see online supplementary table S1).

Data analysis

We evaluated the effectiveness of system-wide interven-
tions by calculating pooled risk difference (RD) for the
outcomes ‘proportions of participants who received
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prophylaxis (RP)’ and ‘proportions of participants who
received appropriate prophylaxis (RAP)’ or risk ratio
(RR) for outcomes with expected low events rates such
as VTE, mortality and safety based on the Cochrane
Handbook recommendations for the choice of measure
of effect.”® We calculated a summary statistic for each
intervention category (alerts, multifaceted interventions,
educational interventions and preprinted orders) and
associated outcome using a random-effects model when
there were sufficient studies to pool results (=3 studies).
To account for potential synergistic effects of multiples
interventions, multifaceted interventions with an alert
component (either computer alert or human alert) were
compared with multifaceted interventions that did not
include an alert component.

We used Review Manager V.5.3 and SAS V.9.4 for all
data analyses. We preferentially used effect estimates for
which the variance had been adjusted to account for the
clustered nature of the data. Adjustment for the clustered
design was feasible only for the meta-analysis of multi-
faceted interventions. One of the included studies eval-
uated more than one intervention.” Meta-analysis was
performed within the control group and each interven-
tion group as recommended in the Cochrane Handbook.
We did not use statistical methods to impute missing
values or model missing data. Four original investigators
were contacted for missing data*™*; only two of them
were able to provide additional data."' ** To assess hetero-
geneity, we estimated the I2 statistic, which determines the
percentage of variability between studies in the effect esti-
mate that is above and beyond what is expected through
sampling error (ie, chance).

Quality of evidence (GRADE)

We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach to
assess the quality of evidence for each outcome that we
were able to meta-analyse, with the quality of evidence
graded from high (best) to very low (worst).** The five
GRADE considerations (ROB, indirectness of evidence,
inconsistency of results, imprecision of results and publi-
cation bias) were assessed according to the methods and
recommendations in the Cochrane Handbook.™ To
mitigate publication bias, unpublished data were also
searched through conference abstracts and congress
Original investigators of included
trials were also contacted to request missing and unpub-
lished data. We examined funnel plots centred around
the pooled studies effect (either RD or RR) to assess the
potential for publication bias.

communications.

Patient and public involvement

Patients and the public were not involved in the devel-
opment or conduct of this systematic review. However,
we are planning to involve patients in the dissemination
of results via interactive exchanges between healthcare
providers, patient partners, clinicians and policy-makers.

RESULTS

Included studies

From the 12920 records identified, 16 RCTs published up

to 7 January 2017 were potentially relevant to our research

question, of which 13 RCTs involving a total of 35997

participants met our inclusion criteria (figure 1). This

included five new trials since our last review published in
2018.%° Characteristics of included studies are reported

in table 1.

The following type of interventions and comparisons
were reported in the 13 trials (detailed descriptions of
study interventions are shown in table 2):

» Six trials evaluated an alert intervention compared
with the standard of care. Of these, three used a
computer alert” * ** and the other three, a person
such as a trained nurse, a pharmacist or a hospital
staff member as a human alert.*”*

» Six trials evaluated a multifaceted intervention that
combined different types of interventions such as
education, audit and feedback and alert, compared
with the standard of care® *** %! or to another type
of intervention (combination of educational session,
dissemination of educational material, audit and feed-
back).”® Of these trials, only one included an alert
component.51 This study evaluated a computer alert
(computer-based clinical decision support system
and computerised reminders) along with educational
lectures, posters and pocket cards compared with no
intervention. However, the computer alert compo-
nent of the intervention was implemented in only 2 of
the 14 intervention group centres. Thus, the overall
effect of this multifaceted intervention might have
been smaller than expected.

» One trial evaluated a preprinted orders intervention
using predefined anticoagulant prescription forms
as a passive reminder to use thromboprophylaxis,
compared with the standard of care.”

» One trial reported a head-to-head comparison
among interventions. This trial evaluated an educa-
tional intervention that used a hospital-administered
course with self-assessment examinations compared
with the standard of care and with a multifaceted
intervention.*

Two of the 13 trials were not included in meta-analyses
(one because of missing raw data on study outcomes,*?
and one was the only RCT to study a preprinted orders
intervention).” One type of comparison (educational
intervention compared with the standard of care) was
not included in meta-analyses due to a lack of studies
assessing this intervention.”

Methodological quality of included studies

The methodological quality of the included studies
was variable (figure 2). The overall ROB was high in
two trials due to the existence of potential selection,
performance, attrition, reporting and other sources
of bias.*” ¥ These two trials were excluded from
meta-analyses. The assessment of the certainty of the
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Figure 1

and meta-analysis. CDSR, Cochrane Database of Systematic Reviews; CENTRAL, Central Register of Controlled Trials;

8 RCTs included in the
previous version of this review
(from inception to July 2010)
(Kahn et al, 2013)

12, 919 records identified via our search
strategy: Cochrane Library (Total (342);
CENTRAL (291), Cochrane Methods (1),
CDSR (31), DARE (7), NHSEED (12)),
Biosis (344), CINAHL (1260),
Clinicaltrials.gov (195), EMBASE (4056),
LILACS (101), Medline (2927), Pubmed
(147), Web of Science (3547)
(from inception to 28 July 2015)

1 record identified from other
sources (updated search
from 28 July 2015 to 7
January 2017)

l

Duplicates (N = 726)

Duplicates removal
12,194 records after duplicates removed

|

Primary screen
Titles and Abstracts (N = 12,194)

| 12,178 records

excluded after
primary screen

Secondary screen

16 full-text articles assessed for eligibility

3 new studies excluded

Reasons:

—
1. Intervention that did not
5 new RCTs include aim to increase the use
of thromboprophylaxis,

decrease the proportion

of symptomatic or
\l/ asymptomatic VTE
(N=1)
13 RCTs included in the qualitative synthesis 2. Non-randomized

controlled trial (N = 1)
3. Patient population was

2 new studies excluded from outpatients (N = 1)

quantitative analysis

Reasons:

1. Not enough studies of same
interventions to perform a
meta-analysis (n = 1)

2. Authors were contacted, but
insufficient data to meta-
analyse (n=1)

11 RCTs included in the quantitative
synthesis (meta-analysis)

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram for Cochrane review updates
demonstrating the outcomes of the search process, and the inclusion of studies in the updated Cochrane systematic review

CINAHL, Cumulative Index to Nursing and Allied Health Literature; DARE, Database of Abstracts of Reviews of Effects; LILACS,
Latin American and Caribbean Health Sciences Literature; NHSEED, NHS Economic Evaluation Database; RCT, randomised
controlled trial; VTE, venous thromboembolism.

evidence for improvement in outcomes was limited
by the incomplete reporting of study design features
that did not allow proper scoring of relevant study  using the reported ICC where available,
design features such as sequence generation, allocation
concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome

data, selective reporting and other potential sources

of bias. While we were able to account for clustering
43 50-52

in many

cases the ICC was not provided,™ *! #4485 Jeading to
Cls that may be narrower than if clustering had been
adequately accounted for. The units of clusters were

Kahn SR, et al. BMJ Open 2019;9:¢024444. doi:10.1136/bmjopen-2018-024444

5

"ybuAdoo Aq paroslold 1senb Aq £202 ‘Sz JoquianoN uo /wod fwg uadolwgy/:dny woly papeojumod 6102 AelN 2 UO pyi20-8T02-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

Open access

BMJ Open: first published as 10.1136/bmjopen-2018-024444 on 24 May 2019. Downloaded from http://bmjopen.bmj.com/ on November 25, 2023 by guest. Protected by copyright.

panuiuo)
‘possosse uoljuaAIRUl (26-02)
Jou saWooINo Aajes SnsJon sIeakg g
pue Ajjepow ‘A poassasse (e4e0 [ensn) (ebBuel) ues|y sjualed (enue0 1) (swea} |eoipaw 1481sn|o
‘passasse dyvy 10N sinoygg  UonuaAIdiul ON (pore uewny) spsy %/°0G 9.l [eolpa  sjuaned oL VSN ‘Olwepedy  jo jun) | DY-Isenb Yaisn|y o/E 10 BIOIED)

sasinu
pue sueoisAyd
1e pajebie}

uoljuaAIdul
Passasse saWooNo pajeoeyinw
Ayojes pue 3 N snsion Aluo
‘possasse sueoisAyd (06-G2) steahgg aouel
10U SBWO02IN0 papodai 1e pajebie} (ebuel) ueipsy sjuaied (senus9 Qg) ‘Auunwwo) (syuswpedsp/spiem [eoipaw
Anjepow pue dyy dd Auespo JoN uopusAsiu| paedeinin %2C vE 8N [eolpol\  sjusned g8 /OIUSPEDY  LSISN|O JO HUN) [ OY 48ISNID /e }O 2isleqeT]

passasse uonuanIaUl (66-81)
S8aWO02IN0 Alojes SNSJIOA sieakgg9 sjuaied
pue Ajjerow ‘A (ese0 [eNnsSN) (ebued) ueipsy  [eo1bins pue (anua0 1)
‘passasse Jou dyvy dd skepps  UOlUBAJILIUI ON (pafe Jayndwoo) sys|y %6°2S eI [eolpa|\  sjuened 905z VSN ‘olwepedy 1 DY-Isenb ‘dnolb |s|esed o,[B 18 Jayony|

uofuanJaUl
passasse jou snsJan (81) siedh |
S8WO02IN0 Alajes pue (ese0 [BNSN) ‘(as) uesiy sjuaiyed (anuao 1) (syuswpedap/spiem [eolpaw
Ajrepow ‘31 dvd dd syuowg  uohusABUl ON (1o[e Jeyndwio) susly %089 deN [edIPaN sjuened gg VSN ‘OlWepedY  :8ISN|O JO HUN) [ DY JAISNID 4 /e Jo abeuiono

Sawoo1no awooino (uawssosse siojesedwo) uonuantdl  (ebe Yapuab) sjpuaned (sanuad) Bumes Apnig uBisep Apnis Joyiny
Kiepuooeg Kewnd awo91no apIM-walsAs sjuedioied Jo adAL sjuaned

1oy Buiwn) Jo JaquinN

dn-mojjo4

Kahn SR, et al. BMJ Open 2019;9:e024444. doi:10.1136/bmjopen-2018-024444


http://bmjopen.bmj.com/

)
7
[
3]
3]
@
c
[
o

©)

BMJ Open: first published as 10.1136/bmjopen-2018-024444 on 24 May 2019. Downloaded from http://bmjopen.bmj.com/ on November 25, 2023 by guest. Protected by copyright.

"WISI|OqUIB0qUIOIY} SNOUBA ‘J | A ‘sixejAydoid panieoal oym sjuediolued jo uoipodold dy ‘S[ell pa||ouod pasiwopuel ‘| DY ‘sixejAydoid ayedoidde panieoas oym syuedioiped jo uoipodoid dyy ‘SHun a4ed aAisuaul ‘No|

sixe|Aydosdoquioiyy
Buipn|oul sesseoo.d aleo
passesse JO wnJjoads peolq e (payuodai
JOU S8WO2IN0 pajebie} 1ey} sisiosyo JOU S8JjU8d
Ayojes pue 31N dvd uonuandul  939|dwod 0} (sebessew (1) Sie9AQ'6S JO Jaquinu
‘pOsSSasse SNsJan aJed SINS) Jepulwai [esaush ‘(as) uesiy sjuaied ‘SNOI8LL) lizeig ‘Aqunwwio) (no1
Ayjepow ssneo-||y dd skep 09 plepuels e Buipnjoul pajeoeyyniy %cvS SlenN [eolpo|\  siusied 19/9 /OIUBPEIY  USISN|D JO JUN) | DY JSISND ¢, /B 8 JUedjene)

pessosse
JOU SBWO02IN0 Ajajes (papiodai
pue Ayepow dyvy uofjuanJaUl JOU SaNU8D
p se p SNSJION 8JeD sjuaijed JO Jaqwinu) elessny ‘papodal
J1A oljewoydwAs 10N syjuow g pJepuels (Wee uewny) sysly a|ge|iene JoN [eolps|  sjuened yGe adA} [eydsoH 104 dnoib jgjlesed /e 3o uewdeyd

sawoo}no awooino (juswssoasse siojesedwod uonuaIdul (ebe “Yapuab) sjuaned (sanuag) Bumes Apmg uBisap Apnis loyny
Kiepuooeg fAewnd awoo1no apIm-wlsis sjuedionued Jo adAL sjuaned

1oy Bujwin) JO JaquinN

dn-mojjo4

Kahn SR, et al. BMJ Open 2019;9:e024444. doi:10.1136/bmjopen-2018-024444


http://bmjopen.bmj.com/

Open access

I

Table 2 Description of study interventions

Author Type of intervention Description
Anderson et al*® Multifaceted » Aimed at doctors
» Use of two interventions: educational and multifaceted intervention
» Educational component: exam component+hospitaladministered course
» Distribution of guidelines
» Audit and feedback
» Multiple intervention study: 1 control group (group 1), 1 CME group (group 2), 1 CME+QA group
(group 8)
» Comparator: no intervention versus CME only versus CME+QA
Overhage et al*® Alert (computer) » Aimed at doctors
» Use of reminders: electronic alert
» Computer reminder programme analysed electronic medical records, reminders appeared on
printed daily reports and at work station when entering order, suggestions for orders provided
» Comparator: physicians who received the intervention (electronic alert) versus controls

Dexter et al*'

Kucher et al*®

Fontaine et a/*®

Labarere et af*?

Piazza et al*®

Garcia et a/*®

Hinchey et al*?

Alert (computer)

Alert (computer)

Preprinted order

Multifaceted

Alert (human)

Alert (human)

Multifaceted

vvvy VvV vvy

v

vV V V VVvVY

vvyYy vVvyy

VVV VY VVY

vvvy yvy

(reminders were not printed or displayed)

Aimed at doctors and medical students

Use of reminders: electronic alert

Reminder generated when patient's electronic medical recorder included at least one indication
for one of the selective preventative therapies, no evidence of contraindications to therapies and
no active orders for the therapy. Physicians could accept or reject the reminders with one or two
keystrokes on the computer

Comparator: no intervention (computer does not display the reminder) versus intervention

Aimed at doctors

Use of reminders: electronic alert

Computer program that identified patients at risk of VTE; if a patient is at risk, then computer
reviews orders to identify current medications and then alerts responsible physician to patient's
risk of VTE. MD required to acknowledge the alteration then withheld or ordered prophylaxis
Comparator: no intervention (no specific prompt was provided to use guidelines for the
prevention of VTE) versus intervention (computer alert)

Aimed at doctors

Use of reminders: preprinted orders

All physicians in intervention group were required to use specific anticoagulant prescription
forms featuring the recommended prescription criteria

Four groups: baseline control (group 1), baseline intervention (group 2), post-intervention control
(group 3), post-intervention intervention (group 4).

In January, baseline survey was performed. Intervention was implemented over the next
3months, and the post-intervention survey was carried out in April.

Comparator: no intervention (usual practices) versus intervention; baseline versus

post intervention

Aimed at doctors and nurses

Use of multifaceted intervention

Educational component: 1 hour on-site educational session addressing prophylaxis against VTE;
provision of pocket-sized guidelines card ;distribution of posters and mailed data on prophylaxis
use in the department

Development and distribution of guidelines

Audit and feedback

Comparator: group 1=interventiontargeted at physicians only versus group
2=interventiontargeted at physicians and nurses

Aimed at doctors

Use of reminders: human alert

Responsible physicians alerted by another staff member if his or her patient was at high risk of
VTE, and that VTE prophylaxis was recommended, based on point scale of VTE risk factors
Comparator: doctors were either alerted or not alerted

Aimed at doctors

Use of reminders: human alerts

Pharmacist used history and physical exam available to determine VTE risk score. Pharmacist
determined if VTE prophylaxis had been ordered for at-risk patient. Pharmacist notified
admitting physician

Comparator: no intervention (usual care) versus intervention

Aimed at doctors

Use of multifaceted interventions

Reminders (standard orders [including for VTE prophylaxis], pathways, protocols, standardised
dysphagia screens, atrial fibrillation reminder stickers), written information, face-to-face
interview, audit and feedback

Comparator: control group (audit, feedback and benchmark information) versus intervention
group (audit, feedback and benchmark information plus a multifaceted intervention)

Continued
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Table 2 Continued

Author Type of intervention Description
Chapman et al*’ Alert (human) » Did not report who the intervention was aimed at
» Use of reminders: human alerts
» A trained nurse assessed participants and if necessary requested prophylaxis or ceased
prophylaxis to reflect the guidelines. The type of guidelines (local, consensus, international) was
not stated
» Comparator: standard care versus intervention
Pai et al®® Multifaceted » Aimed at medical wards
» Use of multifaceted intervention
» Education sessions, standardised risk assessment algorithm and physicians’ orders, audit and
feedback
» Comparator: no intervention (no active or passive knowledge-translation strategies to improve
thromboprophylaxis) versus intervention
Cavalcanti et a/*® Multifaceted » Aimed at team
» Use of multifaceted intervention
» Daily multidisciplinary rounds to include the use of a checklist and discussion of goals of care,
reminder via SMS messages one to three times a week to ensure follow-through with checklist
adherence and goals of care that targeted a broad spectrum of care processes including
thromboprophylaxis
» The checklist was developed based on the clinical practice guideline development cycle
» Comparator: routine care and no preintervention training versus intervention
Roy et al®' Multifaceted » Aimed at doctors and residents
» Use of multifaceted intervention that included an alert component
» Educational lectures, posters and pocket cards, computerised clinical decision support systems

and computerised reminders
» Comparator: no intervention versus intervention

CME, continuing medical education; MD, medical doctor; QA, quality assurance; VTE, venous thromboembolism.

intensive care units (1/10 CRTs),* medical teams
(2/10 CRTs),41 B medical wards/departments (3/10
CRTs)* %% and hospitals (4/10 CRTs).* #5051

Effects of interventions

Table 3 summarises the results from the meta-analyses
conducted for the primary and secondary outcomes,
and figure 3 and figure 4 depict the forest plots for the
meta-analyses. Funnel plots are shown in online supple-
mentary figure S1, S2 and S3. There was a near symmet-
rical distribution of individual trials around the pooled
estimate of effect in each meta-analysis, particularly for
the alerts interventions (outcome RAP) and the multifac-
eted interventions (outcome RP).

Comparison of alerts with standard care

Alerts interventions were associated with three types of

changes:

» A 21% absolute increase in the proportion of patients
who received prophylaxis (RD 0.21, 95% CI 0.15 to
0.27; three studies; 5057 participants; 1>=75%; low-cer-
tainty evidence).

» A 16% absolute increase in the proportion of patients
who received appropriate prophylaxis (RD 0.16,
95% CI 0.12 to 0.20; three studies; 1820 participants;
I?=0; moderate-certainty evidence).

» A 36% relative risk decrease in the risk of symptomatic
VTE at 3months post intervention (RR 0.64, 95% CI
0.47 to 0.86; three studies; 5353 participants; 1>=15%;
low-certainty evidence) (figure 3).

Subgroup analyses to address statistical heterogeneity
were not feasible as there were not enough studies to pool

subgroup results and distinguish chance from subgroup
differences.

Comparison of multifaceted interventions with standard care or
another intervention

Multifaceted interventions were associated with a small
increase in the proportion of patients who received
prophylaxis in the intervention groups, with no hetero-
geneity between individual studies when cluster design
effect adjustment was performed (RD 0.04, 95% CI 0.02
to 0.06; five studies; 9198 participants; 1?’=0%; moder-
ate-certainty evidence) (figure 4).

Comparison of educational interventions with standard care

One study that compared the effectiveness of using
educational and multifaceted interventions to
control, reported that educational interventions
were associated with a non-significant decrease in the
proportion of patients who received prophylaxis (RD
-0.02, 95% CI -0.09 to 0.05; one study; 1311 partic-
ipants), but were less effective than a multifaceted
intervention.*

Comparison of preprinted orders with standard care

One study reported the use of written thrombopro-
phylaxis prescription aids, which was associated with a
non-significant decrease in the proportion of patients
who received prophylaxis compared with the group that
did not receive preprinted orders (RD -0.05, 95% CI
-0.12 to 0.02; one study; 719 participants).”
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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Figure 2 Methodological quality graph: review authors’
judgements about each methodological quality item for each
included study.

Roy 2016

Head-to-head comparisons

One study reported comparisons between an educa-
tional intervention (continuing medical education)
and a multifaceted intervention (continuing medical
education in association with a quality assurance
programme), each compared with a control group
(standard of care). The educational intervention was
associated with a 2% decrease in the proportion of

patients who received prophylaxis (RD -0.02, 95% CI
-0.09 to 0.05) and the multifaceted intervention was
associated with a 4% increase in the proportion of
patients who received prophylaxis (RD 0.04, 95% CI
-0.03 t0 0.11).%

Additional analyses

A sensitivity analysis removing the high ROB trial in
the meta-analysis of studies with alerts interventions*®
did not substantially impact the point estimate. A sensi-
tivity analysis for the estimation of missing ICCs in the
meta-analysis of studies with multifaceted interventions
showed similar point estimates and similar variance. A
sensitivity analysis was done removing the multifaceted
intervention study that included an alert component,
and was associated with a decrease in the pooled RD
(RD 0.02, 95% CI -0.02 to 0.06) with the result no
longer statistically significant, indicating that alerts
might play a role in the estimate effect of multifaceted
interventions. A sensitivity analysis to ensure there was
no contamination between intervention groups where
the one multifaceted intervention including an alert”'
was added to the alerts (RP) analysis did not substan-
tially change the significance of the result (RD of 0.15
[0.02,0.27]). The sensitivity analyses using a fixed-ef-
fect approach did not change our point estimates.

Planned analyses without sufficient data for meta-analysis
Mortality and safety outcomes such as major and minor
bleeding did not appear to differ in frequency between
interventions and control groups. However, we were
unable to provide pooled effect estimates on the relative
effectiveness of each type of intervention for all primary
and secondary outcomes.

While not directly compared with each other,
computer alerts seemed to be more effective than
human alerts in increasing the proportion of patients
who received appropriate prophylaxis and reducing
the risk of symptomatic VIE at 3 months post inter-
vention. Multifaceted interventions that included an
alert component also appeared to be more effective
than those without an alert component in increasing
the proportion of patients who received prophylaxis
and appropriate prophylaxis, although there were not
enough studies to conduct a pooled analysis.

All outcomes and interventions subgroup categories
without sufficient data for meta-analysis are reported in
detail in the full Cochrane review.”’

DISCUSSION

Summary of main results

The main new finding from our updated review which
was focused on RCTs only was that alerts interventions,
whether computer alerts or human alerts, increased the
absolute proportion of patients who received thrombo-
prophylaxis by 21%, increased the absolute proportion of
patients who received appropriate thromboprophylaxis
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Table 3 Summary of main findings

Comparative risk

(study population) Quality of
Number of  Number of y Pop M ire of association the evidence
Intervention Outcome trials patients Control (%) Intervention (%) (95% Cl), I? statistic (GRADE)
Alerts Received Three studies 5057 18 39 RD 0.21 (0.15 to 0.27); 75% [SISIS]IS)
interventions prophylaxis® participants Lowzt
Received Three studies 1820 30 46 RD 0.16 (0.12 to 0.20); 0% DDOPO
appropriate participants Moderate§
prophylaxis*
Symptomatic VTE Three studies 5353 6 4 RR 0.64 (0.47 to 0.86); 15% DOOO
participants Low(|
Multifaceted Received Five studies 9198 47 51 RD 0.04 (0.00 to 0.06); 0% DPDO
interventions prophylaxist participants Moderate§

*Clustered trials did not provide sufficient data (ICC or adjusted confidence intervals) for us to pool cluster-adjusted estimates.
TICCs were available for 4/5 trials included in this meta-analysis. Adjustment for the cluster design effect was performed via reported ICCs, and no ICC
was applied to the one trial that did not report an ICC. Total patients are lower due to the cluster design effect applied to the numbers of events and

participants.
GRADE assessment

F We downgraded the level of certainty of evidence from high to low based on the following reasons: serious study limitations and some inconsistency

of pooled results.

§We downgraded the level of certainty of evidence from high to moderate based on the following reason: serious study limitations.
fllWe downgraded the level of certainty of evidence from high to low based on the following reasons: serious study limitations and some imprecision of

pooled results related to the small number of events.

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; ICC, intracluster correlation coefficient; RD, risk difference; RR,

relative ratio; VTE, venous thromboembolism.

by 16% and decreased the relative risk of symptomatic
VTE at 3months post treatment by 36%. Multifaceted
interventions were associated with a modest 4% absolute
increase in the prescription of thromboprophylaxis.

Quality of evidence and study limitations

This updated review improves on prior meta-analyses
conducted in this area as it was restricted to RCTs only, thus
providing a higher level of evidence, less widely differing
estimates (ie, heterogeneity in results) across studies,
more appropriate comparisons (ie, narrower confidence
intervals) of pooled effects due to the reduced between-
study variance, lower ROB of included studies and better
quality of evidence for improvement in outcomes. Even
if meta-analyses in our updated review were based on
relatively small numbers of studies, we included a large
number of patients (n=33207participants). We were
able to account for clustering in one meta-analysis. The
certainty of evidence for the improvement in outcomes
was low or moderate in this updated review, as compared
with very low in our previous review. The level of certainty
of the evidence was downgraded from high to moderate
or low because of methodological limitations in the
included RCTs, and/or unexplained statistical heteroge-
neity in the pooled result and/or imprecision of pooled
results related to the small number of VTE events (<300).
Despite the fact that we could not assess for the presence
of publication bias because all analyses were underpow-
ered to distinguish chance from real asymmetry, there
was a nearly symmetrical distribution of individual trials
around the pooled estimate of effect in each meta-anal-
ysis. A number of factors could contribute to the perfect
symmetry of the funnel plots, including selective outcome
reporting, differences in methodological quality among

studies, poor methodological quality leading to spuri-
ously inflated effects in smaller studies, true heteroge-
neity, artefact and chance.®

Due to the lack of published trials, we were unable
to provide quantitative estimates of the effects of the
different types of system-wide interventions on the
prescription of thromboprophylaxis and on key outcomes
such as appropriate thromboprophylaxis, mortality and
safety outcomes.

Agreements and disagreements with other reviews

Our findings are in agreement with other previous
systematic reviews.” ** ®*°! Only two of the previous
reviews performed a meta—analysis.35 " In our previous
review, multifaceted interventions were found to be
the most effective system-wide intervention in observa-
tional studies.” In the most recent systematic review and
meta-analysis, the use of computer-based clinical decision
support system in observational studies was associated
with an increased rate of ordering appropriate throm-
boprophylaxis and a reduced rate of VIE in hospitalised
surgical patients.”” The additional findings from our
updated review compared with other reviews are most
likely due to the inclusion of the largest number of RCTs
involving a large number of hospitalised medical and
surgical patients at risk of VTE.

Implications for practice

Our findings provide low-to-moderate certainty evidence
to support the use of system-wide interventions to
improve the prescription of thromboprophylaxis and
decrease the incidence of symptomatic VIE in hospital-
ised adult medical and surgical patients at risk of VTE.
Our results suggest that alerts interventions are associated

Kahn SR, et al. BMJ Open 2019;9:€024444. doi:10.1136/bmjopen-2018-024444

11

"ybuAdoo Aq paroslold 1senb Aq £202 ‘Sz JoquianoN uo /wod fwg uadolwgy/:dny woly papeojumod 6102 AelN 2 UO pyi20-8T02-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

1. Primary Outcome - proportion of patients who received prophylaxis

alarts standard cara Risk Differance Risk Diference Rizk of Bias
_Study or Subgroup  Events Total Events  Total Weight _M-H, Random, 85% CI M-H, Randam, 95% CI ABCDEFG
Kucher 2005 {1) 421 1255 1B2 1251 4BO0% 0.19 [0.16, 0.22] L] [ BT T TTT]
Cwerhage 1996 (2) 13 30 10 28 5.3% Q.08 [-0.17, 0.33] rrr@rR T
Piazza 2008 (3] 568 123F P50 1755 4B.7% 0,75 [0.22, 0.20] ] TTTREE 7
Total [85% CIj 2523 2534 100.0% 0.21 [0.15, 0.27] +
Total gvents 1003 451
Haterogunaity: Tau® = (.00; Chi? = 7.85, df = 2 (P = 0.02) 1 = 75% PR H e .
T for overall effect: Z = 8.88 (P < 0.00001) Favouwrs standard care  Favours alerls
2. Secondary Qutcomes
2.1 Proporion of patienls who received an appropriste prophylaxis
alerts standard care Rizk Differance Risk Difference Risk of Bias
Study or Subgroup  Evenis Total Events  Tolal Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDEFRG
Chapman 2011 {1) 147 182 114 172 19.2% 0.14 [0.05, 0.:24] - FrTTrr 2
Daxtar 2001 (2) 2280 884 116 BB2 T41% 017 [0.12, 0.21] | @:@7777
Garcia 2008 (3) 4 a0 48 80 6.8% 0,12 [-0.03, 0.28] T r7 @777 @
Total (85% CI) BOE 14 100.0% 016 [0.12, 0.20] [ ]
Tolal evenls 419 278
Helerogenaity: Tau! = 0.00; Chi* = 047, di = 2 (P = 0.79); I' = 0% !_1 -u: = U n:5 11
Test for cvarall effect Z = 7.89 (F = 0.00001) Favours alandard care  Favours alerls
2.2  Oceurrence of symptomatic VTE
alerts standard care Risk Ratio Risk Ratio Risk of Bias
Study of Subgreup  Eventz Total Eventz  Total Weight  M-H, Rander, 05% CI M-H, Randam, 35% CI ABCDEFG
Chapman 2011 (1) 1 182 ] 172 2.0% 0,19 [0.02. 1.60] = TrRERRRER
Kucher 2005 {2) 61 1255 103 1251 62A% 0.58 [0.43. 0.80] | B4 11111
Piazza 2009 () 32 1238 41 1255 35.2% 0,79 [0.50, 1.25] - I EE 1 1 B
Total (95% Ci) 2675 26TB  100.0% 0.64 [0.47, 0.86] +*
Total events B4 148
Helerogeneity; Tau® = 0.01; Ch* = 235, df =2 (P = 0.31); P = 15% :n 0 n:1 1:u 100:

Teslt for averall effect: Z = 2.00 (P = 0,004)

with significant improvements in the prescription of
prophylaxis. We also found that in individual studies that
reported the outcome symptomatic VI'E, the risk of symp-

tomatic VIE was significantly reduced with alerts inter-

ventions, particularly with computer alerts. Multifaceted
interventions were less effective overall than alerts inter-
ventions. Due to a lack of studies, we were not able to

multifaceted

standard care or other

Risk Difference

Favours alert Favours standard cara

Figure 3 Forest plot and risk of bias assessment—comparison of alerts intervention with no intervention (standard care). Risk
of bias: (A) random sequence generation (selection bias); (B) allocation concealment (selection bias); (C) blinding of participants
and personnel (performance bias); (D) blinding of outcome assessment (detection bias); (E) incomplete outcome data (attrition

bias); (F) selective reporting (reporting bias) and (G) other bias.

Implications for research
The effect of system-wide interventions on important clin-
ical outcomes such as VIE, mortality and safety outcomes

Risk Difference

assess if multifaceted interventions that include an alert
component were more effective than multifaceted inter-
ventions that did not include an alert.

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Anderson 1994 (1) 251 456 175 342 8.1% 0.04 [-0.03, 0.11] ]

Cavalcanti 2016 322 400 332 413 13.3% 0.00 [-0.05, 0.06] D

Labarere 2007 32 58 44 92 1.5% 0.07 [-0.09, 0.24] »
Pai 2013 35 109 41 138 2.9% 0.02 [-0.09, 0.14]

Roy 2016 1886 3915 1445 3275 74.2% 0.04 [0.02, 0.06] .

Total (95% CI) 4938 4260 100.0% 0.04 [0.02, 0.06] ‘

Total events 2526 2037

Heterogeneity: Tau? = 0.00; Chi = 1.99, df = 4 (P = 0.74); I2= 0% _052 _0=‘1 5 0?1 sz

Test for overall effect: Z = 3.46 (P = 0.0005)

Favours standard care Favours multifaceted

Figure 4 Forest plot and risk of bias assessment—comparison of multifaceted intervention with no intervention (standard
care) or another intervention for the primary outcome 'Proportion of patients who received prophylaxis': (1) intraclass correlation
coefficient not reported. Risk of bias: (A) random sequence generation (selection bias); (B) allocation concealment (selection
bias); (C) blinding of participants and personnel (performance bias); (D) blinding of outcome assessment (detection bias); (E)
incomplete outcome data (attrition bias); (F) selective reporting (reporting bias) and (G) other bias.
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should be assessed in well-designed multicentre RCTs
that ideally include university-affiliated and community
hospitals of various sizes. In addition, rates of prescrip-
tion of appropriate prophylaxis should also be reported.
Future research should also evaluate costs related to the
implementation of various system-wide interventions.
Finally, research should be conducted to better under-
stand why such interventions do not have a larger effect
on prescribing behaviours.

CONCLUSION

This systematic review assessed the effectiveness of various
system-wide interventions aimed to increase the use of
VTE prophylaxis and decrease the incidence of VIE in
hospitalised patients. Alerts interventions (eg, computer
alerts or human alerts) increased the prescription of
appropriate thromboprophylaxis and decreased the inci-
dence of symptomatic VIE in hospitalised medical and
surgical patients at risk of VIE. This updated systematic
review helps to identify the most effective system-wide
interventions that could help healthcare providers to
improve the use of appropriate VIE prophylaxis and
thereby reduce the morbidity and the mortality associ-
ated with VTE in hospital.
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