
The effect of information technology intervention
on using appropriate VTE prophylaxis
in non-surgical patients: A systematic
review and meta-analysis

Mehrdad Karajizadeh1 , Soheil Hassanipour2, Roxana Sharifian3,
Fatemeh Tajbakhsh3 and Hamid Reza Saeidnia4

Abstract

Introduction: Clinical decision support systems (CDSSs) play an important role in summarizing the best clinical practices, thereby
promoting high standards of care in specific medical fields. These systems can serve as tools for gaining knowledge and medi-
ating between clinical guidelines and physicians thereby providing the right information to the right person at the right time.

Objective: This review aims to evaluate the effect of CDSSs on adherence to guidelines for venous thromboembolism (VTE)
prophylaxis and VTE events compared to routine care without CDSSs in non-surgical patients.

Methods: In order to conduct a systematic literature review, the published studies were identified through screening
EMBASE, the international clinical trials registry, OVID, Cochrane database, PubMed, ISI Web of Science, and Scopus data-
bases, from 1982 to March 2021. The included studies were reviewed by two independent reviewers; the proportion of
patients that correctly received VTE prophylaxis has been next extracted for further analysis. Additionally, patients were
divided into two groups: CDSS-recommended VTE prophylaxis and routine care without using a CDSS.

Results: Twelve articles (three randomized controlled trials, seven prospective cohort trials, and two retrospective cohort
trials) were in fine analyzed. The use of CDSSs is found to be associated with a significant increase in the rate of using
the appropriate prophylaxis for VTE (p < 0.05) and a significant decrease in the incidence of VTE (p < 0.05).

Conclusion: Implementation of CDSSs can help improving the appropriate use of VTE prophylaxis in non-surgical patients.
Further, evidence-based and interventional studies on the development of CDSSs can provide more in-depth knowledge on
both this tool design and efficiency.
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Introduction
Deep vein thrombosis (DVT) and pulmonary embolism (PE)
known as venous thromboembolism (VTE) are adverse events
among hospitalized patients and are the leading causes of mor-
tality during and after hospitalization due to acute medical ill-
nesses or surgery.1,2 Inappropriate VTE prophylaxis leads to
adverse consequences, such as symptomatic DVT, PE,
chronic post-thrombotic syndrome, and an increased risk of
recurrent VTE. There are mechanical and pharmacological
methods for VTE prevention in hospitalized patients.3

Although numerous guidelines for VTE prophylaxis are
developed, several recent clinical studies have shown that
appropriate VTE prophylaxis is sometimes not utilized in hos-
pitalized patients.4,5 Sometimes, physicians use risk classifica-
tion tools inconsistently or incorrectly. As a result, patients do
not receive proper prophylaxis for VTE, thereby increasing
their VTE risk. The existence of such evidence suggests that
the problem of VTE in hospitalized patients has not been
given sufficient attention. In other words, evidence-based guide-
lines and recommendations are clearly underused.6,7

Up to now, various methods have been applied to
improve prophylaxis recommendations for hospitalized patients.
To this end, many hospital systems use clinical decision support
systems (CDSSs), which help physicians assess VTE risk levels
and provide appropriate VTE prophylaxis.8 CDSSs use algo-
rithms to analyze patients’ data and provide a variety of services
in patient care including disease prevention, chronic disease
management, healthcare screening, appropriate recommenda-
tions for diagnosis, and treatment.9,10 Borab et al.7 show
that CDSS improve VTE prophylaxis in surgical patients.7

Additionally, Tooher et al.11 in the systematically reviewed
study show that CDSS is the most effective strategy for
improve VTE prophylaxis in hospitalized patients.

CDSSs differentiate between surgical and non-surgical
VTE patients, and their effects on these two groups are not
the same.12 Because, risk assessment model of VTE in two
group was different, also have different recommendation.12

Hence, the present systematic review and meta-analysis aim
to determine whether the implementation of a CDSSs for
VTE prophylaxis will increase adherence to VTE prophylaxis
guidelines and reduce the incidence of VTE, compared to
routine care without any CDSS in non-surgical patients.

Methods
This systematic review and meta-analysis were conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA).13 Additionally, the
study protocol was registered in the PROSPERO database
(registration No. CRD42021225093).

Eligibility criteria

The analysis includes original peer-reviewed studies that
quantitatively reported the effects of CDSSs on adherence
to VTE prophylaxis guidelines among non-surgical patients.

These studies provided VTE prophylaxis recommendations
after CDSS implementation, regardless of the CDSS software
utility, VTE risk level, and prevention of thrombosis among
non-surgical patients. Language did not constitute a restriction.

We excluded studies that assessed VTE prevention in
pregnant and surgical patients, did not assess prophylaxis’s
outcome, or did not include a non-surgical cohort.

Data sources and search strategy

We searched EMBASE, the international clinical trials regis-
try, OVID, Cochrane database, PubMed, ISI Web of Science,
and Scopus (1982-March 2021) for studies analyzing the
effect of CDSSs, against no-CDSS routine care, on VTE inci-
dence (Table 1). As the terminology for CDSS and VTE
interventions has not been standardized yet, we used broad
search terms. We conducted a nested search, in which we
reviewed also the sources referred to in the articles we
have selected for our study.

Study selection

The studies identified during the database search were down-
loaded from the corresponding journals. The titles and abstracts
of the studies were screened, mainly by one of the co-authors
(FT). Afterward, their full texts were independently screened
by two experts (MK and RSH), in order to include the studies
that used a CDSS to aid physicians through the recommenda-
tion of appropriate VTE prophylaxis in non-surgical patients.
In case of the exclusion of reports, the reasons are reported.

Data extraction

The following data were extracted from each study, inde-
pendently by two co-authors: the authors’ names, studies
year, country, methods used (patient population, study design,
and sample size), and an approach to VTE prevention. We
also extracted primary outcomes, that is, the rate of appropriate
prophylaxis for VTE before and after the CDSS implementa-
tion, and the rate of VTE events.

Statistical analysis

We analyzed studies in which patients were divided into two
groups based on the type of intervention: CDSS-guided care
for VTE prophylaxis, and routine care without the use of a
CDSS. Data were pooled using the fixed effect model for
meta-analysis when CDSS and appropriate VTE prophy-
laxis were sufficiently similar to compare. Between-study
heterogeneity was tested using the chi-square test and I2

statistics.14 Additionally, the potential for studies bias for
subcategory meta-analysis was assessed by Cochrane col-
laboration risk of bias tools.15 Sensitivity analyses were
performed to use different measurements for dichotomous
outcomes.16 Hypotheses were tested using two-sided tests,
at a significance level of 0.05.
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Quality assessment

We assessed the quality of the studied papers using the
Newcastle-Ottawa Scale (NOS) to evaluate the computer-
ized decision support systems. The scale consists of three
dimensions: the selection of study groups (four scores for
cohort and five scores for cross-sectional studies), comparabil-
ity of study groups (maximum two scores), and ascertainment
of either the exposure (maximum three scores) or outcome of
interest for non-randomized studies. Accordingly, risk assess-
ment of VTE, age, and sex was considered for comparability
items in this study.

Results
A PRISMA flow diagram, summarizing study screening
(Figure 1), shows that the primary search resulted in a
total of 219 potentially relevant papers. After reviewing
their titles and abstracts, 191 articles were excluded. We
read the full texts of the remaining 28 papers to determine
if they met the inclusion criteria. The references of the eli-
gible studies yielded no additional articles. Eventually, the
screening procedure resulted in 12 papers: three rando-
mized controlled trials, seven prospective cohort trials,
and two retrospective cohort trials (Tables 2 and 3).

Study quality and risk of bias

Based on thresholds for converting the Newcastle-Ottawa
scale (NOS) to AHRQ standards, the overall quality of the
study was good. The NOS scores for the included articles
are provided in Table 2. Owing to the utilized interventions,

the risk of total bias was not present in the included studies.
However, four studies had a moderate risk of sampling
bias, because of an unbalanced patient population.

Thresholds for converting the Newcastle-Ottawa Scale
to AHRQ standards (good, fair, and poor):

Good quality: 3 or 4 stars in the selection domain and 1 or
2 stars in the comparability domain and 2 or 3 stars in the
outcome/exposure domain. Fair quality: 2 stars in the selec-
tion domain and 1 or 2 stars in the comparability domain and
2 or 3 stars in the outcome/exposure domain. Poor quality: 0
or 1 star in the selection domain or 0 stars in the comparabil-
ity domain OR 0 or 1 star in the outcome/exposure domain.

Study characteristics

Among the studies, 12 utilized pre-post designs, but retro-
spective pre-post designs and randomized controlled trials
were used, too. Nine studies were conducted in the
United States; the remaining studies were performed in
Brazil, the Netherlands, and Switzerland. The characteris-
tics of the studies are presented in Table 2 and Table 3.

Sensitivity analysis

Initially,weconducted sensitivityanalysis to evaluatehoweach
study affected the 95% CI. The results of sensitivity analysis
showed that the pooled effect size was 95% CI. In other
words, removal of each study caused no significant change in
the pooled studies. Sensitivity analysis was also performed in
order to evaluate the impact of heterogeneous studies on the
pooled estimates. For this purpose, the studies were excluded
serially and pooled estimateswere obtained from the remaining

Table 1. Search strategies used in the different databases.

Databases Search items

PubMed (“Decision Support Systems, Clinical” OR “Computerized clinical decision support systems” OR “Medical Records
Systems, Computerized”) AND (“Risk Factors” OR “Risk Adjustment” OR “Risk Management” OR “Risk
Assessment”) AND (“Venous Thromboembolism/prevention and control OR “Anticoagulants”)

Ovid (“Decision Support Systems, Clinical” OR “computerized clinical decision support systems” OR “Medical Records
Systems, Computerized”) AND (“Risk Factors” OR “Risk Adjustment “OR “Risk Management “OR “Risk
Assessment”) AND (“Treatment Outcome”) AND (“Venous Thromboembolism” OR “Anticoagulants”)

EMBASE Decision support systems/ and (risk factor or risk management or risk adjustment) and (treatment outcome)-
remove abstracts

Cochrane Venous thromboembolism and prophylaxis

Scopus (“Decision Support Systems, Clinical” OR “Computerized clinical decision support systems” OR “Medical Records
Systems, Computerized”) AND (Thromboembolism OR Venous thrombosis)

Clinicaltrials.gov Clinical decision support and venous thromboembolism

ISI web of science Title: (clinical decision support and venous thromboembolism)
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studies. This helped determining whether single studies with
highly heterogeneous results affected the overall pooled esti-
mates. Overall, there is no bias. Studies bias was assessed in
the meta-analysis by performing Egger’s rank correlation test
to statistically assess the symmetries of the diagram.17

Intervention with CDSS and control group details

Data points were pooled by the CDSSs in all the studies to
risk-stratify the patients. In other words, the CDSS algorithm
would risk-stratify based on the data provided. In 10 studies,
control groups were determined based on the implementation
of the CDSS. In the two other studies, a time series experiment
was conducted and the CDSS was for the intervention periods.

VTE prophylaxis recommendation in non-surgical
patients

Based on the results of this meta-analysis, risk assessment
of VTE in non-surgical patients was applied in all the

studies and CDSS algorithms suggested appropriate pre-
vention based on the VTE risk scores.

Appropriateness of prophylaxis recommendation to
prevent VTE in non-surgical patients

Out of the nine studies, three revealed the effect of the VTE
prophylaxis recommendation system on the appropriateness
of prophylaxis for VTE in the non-surgical population
(Table 5). Accordingly, the pooled meta-analysis (two of these
three studies) of 2675 patients who received the CDSS interven-
tion and 3214 controls showed that the CDSSs significantly
increased the appropriate prophylaxis for VTE compared to the
controls (OR=1.69, 95% CI: 1.25–2.28, p=0.001; I2=
59.3%,p=0.085).Additionally, the resultsof the sensitivityana-
lysis of each study indicated that no single study contributed to a
significant part of the measured I2 statistics. The largest con-
tribution was made by the study carried out by Mitchell
et al.,18 which, when excluded, comprised only 5% of the
heterogeneity (Figure 2).

Figure 1. Summary of results of search and screening of the studies.
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Receive VTE prophylaxis in non-surgical patients

Seven out of the nine studies reported the effect of the
prophylaxis recommendation system on receiving VTE
prophylaxis in the non-surgical population (Table 6).
These studies were conducted on 55,258 patients receiving
the CDSS intervention and 60,664 control patients; the

results demonstrated the effect of CDSSs on the reception
of VTE prophylaxis in non-surgical patients. Accordingly,
the use of a CDSS was associated with significantly
increased rates of receiving VTE prophylaxis (six out of
these seven studies) among the non-surgical patients com-
pared to the controls (OR= 2.02, 95% CI: 1.66–2.45, p<
0.001; I2= 97.1%, p < 0.001) (Figure 3).

Incidence of VTE in non-surgical patients

Three out of the nine studies referred to the effect of the
VTE prophylaxis recommendation system on the VTE inci-
dence in the non-surgical population (Table 7). These
studies were conducted on 243,530 patients receiving the
CDSS intervention and 242,973 control patients; the
results showed the effect of CDSSs on the number of
VTE events experienced. Accordingly, the use of a CDSS

Table 5. Appropriateness of venous thromboembolism prophylaxis
in non-surgical patients.

Reference

Statistics for each study

Odds
ratio

Lower
limit

Upper
limit

P
value

Eijgenraam et al.,
201521

1.000 0.494 2.025 1.000

Fuzinatto et al.,
201323

1.600 1.132 2.260 0.008

Mitchell et al.,
201218

2.005 1.795 2.239 0.000

Total 1.692 1.254 2.228 0.001

Table 6. Receive venous thromboembolism prophylaxis in
non-surgical patients.

References

Statistics for each study

Odds
ratio

Lower
limit

Upper
limit

P
value

Mathers et al.,
201720

4.827 2.768 8.429 0.000

Eijgenraam et al.,
201521

1.207 0.603 2.417 0.596

Bhalla et al., 201224 2.813 2.667 2.966 0.000

Umscheid et al.,
201225

1.969 1.900 2.041 0.000

Mitchell et al.,
201218

1.514 1.341 1.710 0.000

MaCauley et al.,
201225

1.381 1.200 1.591 0.000

Galanter et al.,
201027

2.306 2.161 2.461 0.000

Total 2.023 1.666 2.457 0.000

Table 7. The incidence of venous thromboembolism in non-surgical
patients.

References

Statistics for each study

Odds
ratio

Lower
limit

Upper
limit

P
value

Amland et al.,
201522

0.468 0.244 0.894 0.022

Umscheid et al.,
201225

0.790 0.757 0.824 0.000

Mitchell et al.,
201218

0.748 0.344 1.624 0.463

MaCauley et al.,
201225

0.459 0.212 0.994 0.048

Galanter et al.,
201027

0.598 0.383 0.934 0.024

Total 0.682 0.545 0.855 0.001

Figure 2. Appropriateness of venous thromboembolism
prophylaxis in non-surgical patients.
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was associated with significantly decreased rates of VTE
events among the patients compared to the controls (OR
= 0.68, 95% CI: 0.54–0.85, p= 0.001; I2= 31.5%, p=
0.211) (Figure 4).

Discussion
This systematic review and meta-analysis included 12
studies to determine the impact of the computerized
CDSSs on appropriate VTE prophylaxis orders in non-
surgical patients. According to this systematic review and
meta-analysis results, the use of CDSSs among non-
surgical patients is associated with a considerable increase
in the proportion of patients who received appropriate
VTE prophylaxis recommendation, especially if the
CDSS could auto-populate patient’s prescriptions.
Additionally, using CDSSs is associated with a consider-
able reduction in the risk of developing VTE.

According to the findings of this review, for any inter-
vention to significantly improve the prevention of VTE, it
is necessary to have at least two basic factors: the interven-
tion should assist clinicians in assessing patients’ risk status
for VTE, and it should assist clinicians in prescribing the
appropriate prophylaxis for risk classification.30,31

Several studies have evaluated computer alerts to improve
thromboprophylaxis in surgical and non-surgical patients.
For instance, Kucher et al. conducted a randomized clinical
trial using a computer program including risk factors and
special diagnostic codes and identified both surgical and non-
surgical patients who were at risk of VTE. Accordingly, the
hospital’s VTE-prevention guidelines were linked to this
computer-alert system. The authors also found that using
CDSSs reduced the incidence of DVT and PE.28 The use of
computerized alerts for appropriate VTE prophylaxis was
also studied in large-scale research in Switzerland (1593 non-
surgical patients divided into an alert group (804) and a control
group (789)).19 Therefore, the alert was considered a support
system for clinical decision-making, which played an import-
ant role in helping physicians comply with the current inter-
national consensus guidelines.19

Computerized CDSSs have been used successfully to
provide preventive care services to non-surgical patients.26

In this context, CDSSs have been shown to increase adher-
ence to guidelines based on the overall VTE prevention
medical services.7 Bhalla et al. disclosed that the VTE pre-
ventive medical services increased from 61.9% to 82.1% (p
< 0.001), and pharmacological VTE prophylaxis increased
from 59.0% to 74.5% (p < 0.001).24 Moreover, Fuzinatto
et al. conducted a research on a specific population of
cancer patients and revealed a significant increase in the
use of appropriate VTE prophylaxis (from 18.1% to
44.1%; p= 0.002).23 In contrast, the results of the study
by Eijgenraam et al. showed no improvements in the adher-
ence to antithrombotic prophylaxis guidelines in medical
patients.21 These positive results indicated CDSSs to be a
powerful tool for implementing current evidence-based
medicine as a standard of care.

From the present meta-analysis, it follows that an
increase in the appropriate prophylaxis rate for VTE with
the implementation of CDSSs was associated with a reduc-
tion in the incidence of VTE events. Previous studies
demonstrated that using CDSSs resulted in an increase in
the rate of VTE prevention. Nonetheless, there is still insuf-
ficient evidence to link the increased rate of prophylaxis
with the clinical endpoint of decline in the VTE rate.6

Among the 12 studies analyzed here, five used the
American College of Chest Physicians (ACCP) guideline
to prevent thrombosis. In the other studies, the guidelines
were developed by local experts.32 Overall, more efficient
and powerful CDSSs are associated with electronic
medical records. This strategy significantly improves the
prevention of VTE, which may lead to a significant reduc-
tion in VTE incidents, especially in non-surgical patients.11

Since many hospitals under investigation in the analyzed
studies did not have the necessary IT resources, most
studies were limited to individual centers, whence their
results could not be generalized to other institutions.33

To address the fatigue symptoms, the staff had direct rela-
tionships with together and made decisions in the presence of

Figure 3. Receive venous thromboembolism prophylaxis in non-
surgical patients.

Figure 4. The incidence of venous thromboembolism in non-
surgical patients.
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the physician.34 In a large randomized multicenter study (n=
2493), in the alert group, the physician was informed by
another staff member that the patient was at a high risk for
VTE but was not receiving VTE prophylaxis. Then, prophy-
laxis was recommended for the patient. Based on the previous
study findings, the patients who were warned by their physi-
cians were more than twice as likely to be prevented from
VTE compared to the control patients who were not warned
(p<0.0001). Additionally, a decrease was found in the VTE
rate in the intervention group at 90 days. However, no signifi-
cant difference was observed between the human alert trial
and the computer alert trial. Yet, the slightly less prominent
reduction in VTE in the human alert trial suggested the higher
effectiveness of the computer alerting system.5

Although our analysis indicates that the CDSS-guided
prevention was associated with a reduction in VTE inci-
dents in non-surgical patients, no sufficient data were pro-
vided regarding the side effects of prophylaxis. These
risks include hematoma formation, bleeding events, and
thrombocytopenia. Therefore, it is vitally important to
further evaluate the advantages and disadvantages of pre-
scribing additional anticoagulants for VTE patients.

Strengths of the review

This review provides readers with a comprehensive overview
of the range of approaches taken to date to evaluate the effect-
iveness of computerized CDSSs in the improvement of using
appropriate VTE prophylaxis in non-surgical patients. The
information presented in Table 2 and Table 3 provides a
useful basis for other researchers to evaluate their intervention
elements in relation to previous approaches to designing inter-
ventions. Our overall goal was to help future researchers to
improve these efforts by highlighting the strengths andweak-
nesses of the previous studies and to consider appropriate
measures and methods, if possible.

Limitations of the review

One of the limitations of this study was that only the evalu-
ation of quantitative studies was focused and qualitative
studies were excluded. Moreover, our review only includes
the studies that assessed the CDSS implementation process
associated with the prescription of VTE prophylaxis such
as those describing successful implementation strategies.
Since most studies reported demographic information
without separating surgical and non-surgical patients, this
information as well as patients’ risk levels could not be
extracted. Besides, each individual study did not have suffi-
cient power to detect changes in the VTE incidence;
however, this limitation was softened by pooling the data.
Furthermore, considering the 90-day follow-up, the inci-
dence of VTE could be potentially underestimated. Finally,
the results might be context-dependent since most studies
were conducted in the United States. This could affect the

validity of the CDSS system and its impact on appropriate
VTE prophylaxis orders in non-surgical patients.

Conclusion
This study showed that CDSS interventions could be effect-
ive in improving the use of VTE prophylaxis in non-surgical
patients. Nonetheless, higher-quality studies are required to
confirm the results. Currently, little evidence is available to
assist physicians in consciously selecting CDSSs for VTE
prescription. This will inevitably lead to many choices,
each of which can make CDSSs easier to use. This suggests
the need for higher-quality systematic comparative studies.
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