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At this very moment, somewhere in the 
world, an intravenous catheter is being 
placed in a hospitalised patient. Whether 
the device is small and being placed in 
a vein in the arm (eg, peripheral intra-
venous catheter) or large and inserted 
into a great vessel within the chest (eg, 
implanted port), they share several char-
acteristics. First, they are all designed to 
deliver potentially life- saving therapies 
such as antibiotics, fluids and nutrition or 
blood products. Indeed, safe and reliable 
venous access is a cornerstone to medical 
care in the 20th century. Second, in order 
to access the venous network, they must 
penetrate through the skin to provide 
a pathway to the bloodstream. Conse-
quently, they each carry a risk of both 
infectious and non- infectious complica-
tions. Thus, to keep patients safe, selecting 
the most appropriate device—one that 
balances risks against benefits—is para-
mount to ensure optimal outcomes.

While this statement may seem obvious, 
evidence suggests that clinical practice 
is far from this ideal. For example, in 
a study of hospitalised children who 
received peripherally inserted central 
catheters (PICC), a large proportion 
experienced multiple PICC insertions, 
short dwell times (eg, PICCs placed for 
difficult venous access) and premature 
removals (eg, because of failure or lack 
of clear indication), increasing the risk of 
harm.1 In another study of hospitalised 
adults, patients with PICCs were found to 
have multiple days where the device was 
not used, exposing patients to compli-
cations without therapeutic benefit.2 
These aberrations in best practice are not 
unique to PICCs. For instance, in a global 
study examining patterns of peripheral 
intravenous catheter use, two- thirds of 
all surveyed devices were placed in a 
non- recommended site, had signs and 

symptoms of malfunction or were idle 
without a clear indication for continued 
use.3 Similarly, despite the risk of throm-
bosis associated with PICCs in patients 
with cancer,4 5 many such patients 
continue to receive chemotherapy 
through such devices when safer alterna-
tives are available.6 7 And finally, while it 
is well known that patients with chronic 
kidney disease should not have devices 
inserted in arm veins to preserve these 
veins for dialysis,8 reports of this continue 
to permeate the literature.9 Why, then, 
does practice related to vascular access 
not align with evidence?

While a definitive answer to this ques-
tion remains elusive, several explana-
tions are plausible. First, when it comes 
to vascular access, no formal curricula 
or educational materials for physicians 
in training exist. Thus, although physi-
cians are most commonly responsible for 
ordering the insertion of these devices, 
they are often the ones with the least 
knowledge related to risks and benefits of 
device types. Second, there is no defined 
owner when it comes to choosing an 
intravenous catheter; instead, surgeons, 
anaesthesiologists, radiologists, medical 
physicians and subspecialists such as 
oncologists and critical care physicians 
make these decisions based on existing 
practice patterns and cultural norms. 
Third, the evidence base for choosing the 
appropriate intravenous catheter remains 
weak with very few randomised trials 
and systematic reviews available to guide 
practice. As a result, little progress has 
been made in improving the science of 
vascular access.

These challenges represent the moti-
vation behind creating the Michigan 
Appropriateness Guide for Intravenous 
Catheters (MAGIC).10 The aims for 
MAGIC were severalfold: to develop an 
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approach that encompassed all available evidence to 
inform decisions related to vascular access; synthe-
sise diverse views from a broad range of stakeholders 
including device inserters and clinical end users; 
provide clinical guidance for the most common indi-
cations for vascular access across a broad range of 
devices; and finally, provide a structure to facilitate 
benchmarking of practice and outcomes. A panel of 
15 experts used the RAND/UCLA method to struc-
ture recommendations for the most appropriate 
intravenous catheter according to the nature of the 
infusion (irritant/vesicant vs peripherally compat-
ible), the medical indication for the device and the 
proposed duration of therapy. To promote uptake, 
key takeaways were summarised for stakeholders 
including intensive care practitioners, hospital 
providers and vascular access teams.11–13 In order to 
make MAGIC useful at the point of care, we created 
an iOS and Android MAGIC app—a tool that makes 
the recommendations within MAGIC actionable at 
the bedside by answering five questions.14 Thanks in 
part to these dissemination strategies and the void 
in practice, MAGIC has diffused widely. Today, 
nearly every US state has a hospital or health system 
that uses MAGIC as their policy or evidence- based 
resource for vascular access. Similarly, evaluations of 
MAGIC have shown that implementation is associ-
ated with reduction in harm and complications.15 16 
And countries outside the USA have also started to 
adopt MAGIC for making decisions regarding intra-
venous devices.

Perhaps due to these efforts, this edition of BMJ 
Quality and Safety includes a report from Canada 
assessing appropriateness of PICC use according 
to MAGIC.17 Using administrative data sets from 
five major Canadian teaching hospitals, Verma and 
colleagues18 examined patient characteristics, comor-
bidities, International Classification of Diseases 10th 
Revision codes, radiology, laboratory and medication 
data from 101 660 admissions and 3479 PICC inser-
tions to assess whether PICC use was appropriate, 
inappropriate or uncertain. They report that only 53% 
of all placements could be classified as appropriate 
according to MAGIC. The remaining insertions were 
either inappropriate or of uncertain appropriateness. 
Importantly, even in a small sample of five hospitals, 
substantial variation in rates of inappropriate use was 
observed, with the odds of inappropriate placement 
significantly greater at one site compared with others. 
The findings of Verma and colleagues are eerily similar 
to those of a pre- MAGIC era in the USA,19 where 
many inappropriate PICC insertions occurred in 
patients with advanced kidney disease.20 Additionally, 
many PICCs in the study were inappropriately placed 
for short durations in patients who are critically ill, 
a practice discouraged by infection control guidelines 
and by MAGIC.21 Sadly, Verma et al found that the 
sicker the patient, the greater the odds of inappropriate 

placement. Taken together, these data are a powerful 
lens to evaluate PICC practices using administrative 
data.

It is important to acknowledge some of the limita-
tions of this work. First, certain variables were not 
available to assess all aspects of appropriateness. 
Second, for some appropriateness recommendations 
such as frequent phlebotomy, MAGIC does not provide 
a preference or appropriateness rating of one device 
over another—limiting the ability to classify these use 
cases. This remains a limitation of MAGIC, as evidence 
to guide decisions in patients who have difficult intra-
venous access or need frequent phlebotomy remains 
scant. Third, data on date of device removal were not 
available, leading to incomplete estimates of catheter 
dwell time. Notably, the authors assumed conservative 
measures in this regard, biasing estimates of inappro-
priate use towards the null. It is thus important to note 
that this report is a ‘best case’ scenario—where for 
more than half of all PICCs placed, concerns about 
appropriate use exist.

The work by Verma and colleagues should be 
commended as the first report of operationalising 
MAGIC using administrative data. It is important to 
also recognise that their findings closely mirror find-
ings from other deployments of MAGIC, suggesting 
a high- degree external validity. What is unique about 
their paper is that the authors have devised a way to 
assess appropriateness using routinely collected data, 
thus eliminating the human capital that has otherwise 
been necessary to evaluate PICC use. To this end, 
their approach provides a platform to introduce addi-
tional techniques such as natural language processing 
to ‘read’ electronic medical records and enhance data 
collection. This work also moves us tantalisingly closer 
to real- time electronic assessment of appropriateness 
of PICC use. Developing electronic templates for 
PICC insertion and removal with decision support 
based on discrete data fields thus appears to be around 
the corner. With the proliferation of electronic medical 
records and computerised physician order entry, we 
are confident that MAGIC can soon provide guide-
posts for ordering clinicians in ways previously not 
thought possible.

These strategies are emblematic of some of the 
approaches we are currently testing across the Mich-
igan Hospital Medicine Safety Collaborative—a 
quality consortium of Michigan hospitals aimed at 
improving PICC safety and outcomes. For example, 
order sets, policies, practice guidelines and workflows 
from partner hospitals are actively shared between 
hospitals for adaptation and implementation.16 We 
have also actively engaged PICC inserters into the 
process of vascular access decisions. In most US hospi-
tals, PICCs are inserted by trained vascular access 
nurses, providers who have procedural competency 
and insight into the evidence related to vascular device 
use and outcomes.22 Empowering these clinicians to 
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Figure 1 Bar graph showing changes in catheter appropriateness 
and PICC- related complications during implementation of MAGIC in 42 
Michigan hospitals from 2014 to 2019. Complication rate=composite of 
deep vein thrombosis, central line- associated bloodstream infection and 
catheter occlusion. Appropriateness rate=percentage of all placements 
that met MAGIC criteria for appropriate use (defined as PICCs placed 
≤5 days, single lumen device use and avoidance of PICC use in patients 
with chronic kidney disease (eGFR 45 mL/min or less)). eGFR, estimated 
glomerular filtration rate; MAGIC, Michigan Appropriateness Guide for 
Intravenous Catheters; PICC, peripherally inserted central catheter.

serve as ‘consultants’ for vascular access, rather than 
‘PICC teams’, is associated with greater evidence- based 
practice and better outcomes and represents another 
strategy to improve appropriateness.23 24 Finally, to 
make the business case for appropriateness, showing 
that MAGIC can improve patient outcomes is key. In 
an upcoming presentation, we will share data showing 
how deployment of MAGIC across Michigan hospi-
tals over 4 years led to more appropriate PICC use 
and to a reduction in lethal complications, including 
deep vein thrombosis (DVT), catheter occlusion and 
bloodstream infection (figure 1).25 Considering an 
attributable costs of DVT of $15 973 per episode,25 we 
estimate we have prevented at least 400 such events 
in our hospitals and reduced associated healthcare 
expenses by US$5 million. In a cost- conscious and 
patient safety- focused era, it is hard to ignore the value 
proposition afforded by MAGIC.

What is MAGICal about MAGIC is not that it is 
some secret strategy, special sauce or radical scien-
tific breakthrough. Rather, it is the fact that it brings 
available evidence to end users in a pragmatic, easy- 
to- understand way. In doing so, it has helped form a 
lattice that links clinical practice to appropriateness to 
patient outcomes and cost. Verma and colleagues have 
shown us how to do this using administrative data in a 
different nation under different contexts. Their contri-
bution will help us start to think about how best we 
can ‘hardwire’ MAGIC into our decision- making. The 
time appears right to deploy this tool to inform and 
improve comprehensive intravenous access. Let us go 
make some MAGIC for our patients.

Twitter Vineet Chopra @vineet_chopra
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