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In their article in Intensive Care Medicine, Stelfox et  al. 
[1] report the impact of a multicomponent implementa-
tion intervention on the clinical practice of pharmaco-
logical venous thromboembolism (VTE) prophylaxis, 
related outcomes, and healthcare utilization among 
patients admitted to 11 Canadian ICUs. Their interven-
tion resulted in a 32.4% increase in the administration of 
low molecular weight heparin (LMWH) over unfraction-
ated heparin (UFH) over the course of 12 months in the 
intervention group (five ICUs), significantly more than in 
the control group (15.4%).

Thromboprophylaxis of critical care patients is a major 
clinical and economical issue. Critically ill patients are at 
higher risk of venous thromboembolism, which is asso-
ciated with longer duration of mechanical ventilation, 
intensive care unit stay, and hospitalization [2, 3]. Ran-
domized controlled trials (RCTs) on pharmacological 
thromboprophylaxis [4] suggested that LMWH would 
be more efficacious than UFH, without increased bleed-
ing complications or heparin-induced thrombocytopenia 
incidence [3]. In this setting, Stelfox et al. [1] performed 
a cluster-randomized trial of a multifaceted intervention 
to accelerate implementation of LMWH use. Quality 
improvement programs in intensive care seek to improve 
compliance by implementing best practice protocols, 
such as intubation procedures [5], prevention of ventila-
tor-associated pneumonia [6], weaning from mechanical 
ventilation [7], and pain management [8]. The inter-
vention designed by Stelfox et  al. [1] was successful in 

stimulating a change in practice: LMWH prescription in 
the control group increased from 37.9% to 53.3% which 
followed the pre-intervention secular trend, whereas the 
use of LMWH in the intervention group increased from 
45.9% to 78.3% of patient days. However, contrary to the 
results of previous RCTs [3, 4], the change in practice 
stimulated by the intervention was not accompanied by 
a between-group pre- versus post-implementation dif-
ference in patient outcomes [1]: there was no significant 
difference in the incidence of venous thromboembolism, 
length of stay, mortality, or healthcare costs.

The study by Stelfox et  al. [1] has several major 
strengths. First, the authors tailored to each ICU a multi-
component intervention to encourage the use of LMWH 
for VTE prophylaxis, based on available local resources 
and involved usual multidisciplinary staff (nurses, physi-
cians, pharmacists). Then, a careful examination of exclu-
sion criteria and patient characteristics confirms that the 
authors did include an all-round critical care popula-
tion, as consecutive medical, surgical, and cardiovascular 
surgical patients admitted to ICUs were included in the 
study unless they presented with a primary bleeding dis-
order, neurological disorder, or injury. As a consequence, 
all patients potentially eligible for pharmacological 
prophylaxis—12,342 patients from a population of 17,242 
patients (72%) admitted to the ICUs—were included 
in the study. Further, the size of the sample studied is a 
major determinant of the risk of reporting false negative 
findings. For example, to detect a difference between two 
groups of 1% (from 3% to 2%), with an alpha risk of 5%, 
sample sizes of 6000 and 10,000 patients would respec-
tively allow a 70% and 89% power of the study, as shown 
in Fig. 1a. In the study by Stelfox et al. [1], the risk of find-
ing no difference when a true difference did exist was 
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very low. The inclusion of 12,342 patients allowed a type 
II error of 6% for detecting a difference of 1% (from 3% to 
2% rate of VTE) between the two groups, corresponding 
to an elevated power of 94% (Fig. 1b) [1]. This sample size 
was also enough to conclude an equivalence [9] between 
groups with an equivalence limit of 1%, with a power of 
more than 90%. Moreover, the difference-in-difference 
statistical analysis using interrupted time series analysis 
with segmented linear regression models was the method 
of choice to assess the effects of a multicomponent inter-
vention over time [10].

We can, however, make some observations. First, the 
rate of VTE is lower than that previously reported in the 
literature, with 1.4–1.9% of patients experiencing deep 
vein thrombosis and 1.2–1.3% pulmonary embolism 
before implementation of study intervention, compared 
to as high as 10% for deep vein thrombosis and 2–4% 
for pulmonary embolism in previous reports [2, 3]. The 

headroom for further improvement was therefore lim-
ited. Then, despite the wide inclusion criteria, few exclu-
sion criteria and a multicenter design (11 ICUs in nine 
hospitals in two cities), both ICU and hospital mor-
tality rates (8.3–10.2% and 13.0–13.3%, respectively) 
and ICU and hospital lengths of stay (3.8–3.9 days and 
11.5–12.3  days, respectively) of the included patients 
were low, consistent with APACHE II and SOFA scores, 
despite including a preponderance of non-operative 
patients (53–55%). These points may limit generaliz-
ability of the results: more seriously ill patients with a 
higher VTE risk might show greater benefit from this 
intervention.

Finally, Stelfox et  al. [1] illustrate the well-known dis-
crepancy between trials demonstrating efficacy (the 
intervention works in clinical trials under optimum 
conditions) and studies assessing effectiveness (the 
intervention works in the real world) [11–13]. Failure 

Fig. 1  Required sample size to detect a difference of 1% between groups in rate of VTE (from 3% to 2%) according to the level of power (type II 
error). To detect a difference between two groups of 1% (from 3% to 2%), with an alpha risk of 5%, sample sizes of 6000 and 10,000 patients would 
respectively allow a 70% and 89% power of the study, as shown in a. In the study by Stelfox et al. [1], the risk of reporting that there was no differ-
ence when a true difference existed was very low. The inclusion of 12,342 patients allowed a type II error of 6% for detecting a difference of 1% 
(from 3% to 2% rate of VTE) between the two groups, corresponding to an elevated power of 94% (b)
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to demonstrate efficacy is likely a consequence of per-
forming it in an all-round critical care population with 
diverse characteristics, rather than in highly selected 
patients under strictly controlled conditions and com-
plete protocol adherence as highlighted by the authors. 
Glasgow et al. [12] suggested that negative effectiveness 
trials may result from a lack of proper implementation 
or weak acceptance or adherence by participants. In the 
present study, patients in the intervention group received 
LMWH on 78.3% of days, which was lower than in pre-
vious RCTs, but consistent with the pragmatic study 
design.

Whether there is a substantial benefit in implement-
ing thromboprophylaxis by LMWH over UFH in criti-
cal care patients remains uncertain, considering that 
UFH has some advantages over LMWH (shorter half-
life, easy to modify dose, anticoagulation reversion) 
in patients at higher risk of developing bleeding com-
plications, as well as avoiding the contraindications to 
LMWH such as kidney injury. We would also note that 
complex behavior change interventions in prescribing 
could be replaced or supplemented by the forcing func-
tions of intelligent electronic prescribing systems with 
decision support based on large data sets [14]. Large 
well-conducted randomized controlled effectiveness 
studies and observational studies provide important 
insights into the link between practice and outcomes 
[15].
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