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Abstract
Background  Although important in clinical care, reports 
of inappropriate peripherally inserted central catheter 
(PICC) use are growing.
Objective  To test whether implementation of the Michigan 
Appropriateness Guide for Intravenous Catheters (MAGIC) 
can improve PICC use and patient outcomes.
Design  Quasi-experimental, interrupted time series 
design at one study site with nine contemporaneous 
external controls.
Setting  Ten hospitals participating in a state-wide quality 
collaborative from 1 August 2014 to 31 July 2016.
Patients  963 hospitalised patients who received a PICC 
at the study site vs 6613 patients at nine control sites.
Intervention  A multimodal intervention (tool, training, 
electronic changes, education) derived from MAGIC.
Measurements  Appropriateness of PICC use and rates 
of PICC-associated complications. Segmented Poisson 
regression was used for analyses.
Results  Absolute rates of inappropriate PICC use 
decreased substantially at the study site versus controls 
(91.3% to 65.3% (−26.0%) vs 72.2% to 69.6% (−2.6%); 
P<0.001). After adjusting for underlying trends and patient 
characteristics, however, a marginally significant 13.8% 
decrease in inappropriate PICC use occurred at the study site 
(incidence rate ratio 0.86 (95% CI 0.74 to 0.99; P=0.048)); 
no change was observed at control sites. While the incidence 
of all PICC complications decreased to a greater extent at 
the study site, the absolute difference between controls and 
intervention was small (33.9% to 26.7% (−7.2%) vs 22.4% 
to 20.8% (−1.6%); P=0.036).
Limitations  Non-randomised design limits 
inference; the most effective component of the 
multimodal intervention is unknown; effects following 
implementation were modest.
Conclusions  In a multihospital quality improvement 
project, implementation of MAGIC improved PICC 
appropriateness and reduced complications to a modest 
extent. Given the size and resources required for this study, 
future work should consider cost-to-benefit ratio of similar 
approaches.

Introduction
Peripherally inserted central catheters 
(PICCs) have become a popular modality 
for vascular access in hospitalised 

patients.1 2 Growth in the use of PICCs 
reflects inherent advantages of these 
devices, including safety during inser-
tion,3 availability of nurse-led vascular 
access teams that offer bedside place-
ment4 and ability to facilitate transitions 
of care.5 

However, rapid adoption of PICCs has 
also led to concerns regarding inappro-
priate use. For example, a multicentre 
study showed significant variation in indi-
cations for PICC insertion, rates of PICC 
use and catheter dwell times.6 Notably, 
25% of PICCs were removed within 5 days 
of insertion, a duration not considered 
appropriate by the Centers for Disease 
Control and  Prevention professional 
guidelines.7 8 Similar concerns regarding 
PICC use have been reported by studies in 
adults and paediatric subsets.9 10

Variability in PICC indications and utili-
sation is concerning because these devices 
are associated with complications.11 For 
instance, PICCs are associated with rates 
of central line-associated bloodstream 
infection (CLABSI) that parallel conven-
tional central venous catheters (CVCs).12 
Similarly, PICCs are known to have a 
2.5-fold greater risk of venous thrombo-
embolism (VTE) when compared with 
traditional CVCs.13 Importantly, choices 
regarding PICC characteristics may 
moderate this risk. For instance, multi-
lumen PICCs are associated with higher 
rates of occlusion, VTE and CLABSI than 
single-lumen devices.14–16 Yet physician 
knowledge of these factors is variable, at 
best.17 18 In order to ensure patient safety, 
strategies to improve PICC use appear 
necessary.

The Michigan Appropriateness Guide 
for Intravenous  Catheters (MAGIC) is 
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a tool designed to inform and improve clinical deci-
sion making with respect to vascular access devices.19 
Although an important step forward, whether imple-
mentation of MAGIC can improve PICC use and 
decrease complications is not known. Therefore, 
in conjunction with a state-wide collaborative, we 
designed a study to implement MAGIC and evaluate 
its impact on PICC use and patient outcomes.

Methods
Study setting and design
We followed the Standards for Quality Improvement 
Reporting Excellence guidelines for this study.20 The 
intervention site was a 600-bed urban, community 
teaching hospital that participates in a large, multi-
hospital, state-wide quality improvement collabora-
tive.21 The design and setting of this consortium have 
been previously described.19 22 23 In brief, hospitals 
belonging to the consortia have been prospectively 
collecting data on a sample of hospitalised patients 
with PICCs since 2014. Adult patients admitted to a 
general medicine ward or intensive care unit (ICU) of 
a participating hospital who receive a PICC for any 
reason during clinical care are eligible for inclusion. 
Patients who are (1) under the age of 18; (2) pregnant; 
(3) admitted to a non-medical service (eg, general 
surgery); or (4) admitted under observation status are 
excluded. Trained data abstractors collect data directly 
from medical records. Following PICC placement, all 
patients are followed until PICC removal, death or 
70 days (whichever occurs first). For this study, we 
selected nine control sites including academic and 
community hospitals focused on improving PICC use 
and outcomes.

Study intervention
A quasi-experimental, interrupted time series design 
was used. All sites collected PICC data and partici-
pated in quarterly collaborative meetings, where they 
received an overview of MAGIC and practices to 
improve PICC use and outcomes. At the study site, a 
MAGIC-based intervention was implemented through 
the vascular access team and included (1) a MAGIC-
based tool to evaluate appropriateness of PICC place-
ment prior to insertion; (2) training for vascular access 
nurses on alternative peripheral venous access devices 
as recommended by MAGIC;  (3) changes to the 
electronic medical record (EMR) that incorporated 
MAGIC recommendations; and  (4) provider educa-
tion regarding the importance of appropriate vascular 
access device selection.

MAGIC-based appropriateness tool
During the intervention, the vascular access team eval-
uated appropriateness of every PICC order using a 
standardised approach. In accordance with MAGIC, 
three criteria were used to determine PICC appro-
priateness: indication for PICC insertion, proposed 

duration of PICC use and the nature of the infusate 
(online supplementary appendices A and B). If a PICC 
was deemed appropriate, it was placed as requested; 
however, if the PICC was deemed inappropriate, the 
vascular access team contacted the ordering provider to 
discuss alternative devices in accordance with MAGIC 
recommendations (eg, ultrasound-guided peripheral 
intravenous or midlines).

Dedicated training on peripheral venous access alternatives
To support insertion of MAGIC-recommended 
devices, all vascular access team nurses were enrolled 
in a 4-hour education programme that included ultra-
sound training and peripheral venous alternatives to 
PICCs. Training on midline and ultrasound-guided 
intravenous catheter insertion, indications for use 
and management was provided. Midline devices are 
vascular catheters approximately 3–8’ in length that 
are placed in the veins of the upper arm and terminate 
distal to the subclavian vein; thus, they are considered 
peripheral catheters.24 Ultrasound-guided intrave-
nous catheters include standard peripheral catheters 
(approximately 1’ in length) as well as extended dwell 
peripheral catheters (devices that are 2–3’ in length) 
that can reach deeper veins of the arm, both inserted 
under direct ultrasound visualisation.25

EMR changes that incorporated MAGIC recommendations for device 
choice
In addition to vascular access nurse  triage, changes 
to the EMR were introduced to identify the appro-
priate vascular access device for intravenous medica-
tions based on MAGIC and Infusion Nursing Stand-
ards.7 19 Working with a multidisciplinary committee, 
devices were highlighted by pharmacists in the order 
entry and medication section of the EMR so that the 
ordering provider could easily (1) determine whether 
central venous access for a particular medication was 
required; and (2) determine the need for a multilumen 
device (see online supplementary appendix C).

Provider education
Ongoing physician and trainee education through 
departmental meetings (eg, medical grand rounds), 
dedicated resident education sessions (eg, morning 
reports) and nursing huddles were used to inform 
providers about the intervention. These meetings were 
also used to highlight risks associated with multilumen 
PICCs, capabilities of midlines and MAGIC criteria for 
PICC use.

External control sites
In order to account for secular trends, a contempora-
neous external control that included nine peer hospi-
tals was used. Like the intervention site, all control 
sites collected PICC data and participated in quarterly 
meetings. Control sites also engaged in ad hoc quality 
improvement initiatives that included changes to EMR 
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systems, provider education, and audit and feedback of 
PICC characteristics and outcomes. However, control 
sites did not implement MAGIC in a formal fashion 
during the study period.

Data sources
Data on patient characteristics, appropriateness meas-
ures and device-related complications at the study and 
control sites were collected through the quality collab-
orative. Additionally, data on the number of single, 
double and triple lumen PICCs, midlines, and number 
of patient-days for all hospitalised patients (to estimate 
overall PICC and midline utilisation) were obtained 
from the intervention site.

Definitions
The overall rate of PICC and midline insertion was 
expressed as the total number of PICCs or midlines 
placed per month divided by the total number of 
patient-days for all hospitalised patients. In accord-
ance with MAGIC, inappropriate PICC use was 
defined as a composite of (1) PICC placement for 
peripherally compatible infusions for ≤5 days; (2) 
PICC placement in a patient in an ICU for ≤14 days; 
or (3) placement of a multilumen PICC when a single-
lumen PICC would have been appropriate. VTE 
included symptomatic upper extremity deep vein 
thrombosis (DVT) or pulmonary embolism that was 
radiographically confirmed (ie, ultrasound or CT). 
In accordance with the Centers for Disease Control 
and Prevention/National Healthcare Safety Network 
criteria,26 CLABSI was defined when a patient had 
a confirmed positive blood culture with a PICC in 
place for 48 hours or longer without another iden-
tified infection source, or if a PICC tip culture was 
positive in the setting of clinically suspected infec-
tion. Catheter occlusion events were captured when 
documented in the medical record, or when tPA was 
administered for problems with PICC aspiration or 
infusion.

Outcome measures
The primary outcome of interest was the composite 
measure of inappropriate PICC use before and after 
implementation of MAGIC in study versus control 
sites (expressed as a proportion and as a rate per 
1000 PICC  days). Secondary outcomes included (1) 
individual measures of PICC appropriateness and (2) 
PICC-associated complications between preimple-
mentation and postimplementation period in study 
and control sites. Additionally, post hoc analyses that 
examined (1) overall PICC and midline utilisation per 
1000 patient-days and (2) the proportion of single, 
double and triple lumen PICCs from the preimple-
mentation to postimplementation period in the study 
site were performed.

Statistical analysis
Descriptive statistics were used to tabulate patient 
characteristics and summarise age, length of stay 
(LOS), body mass index (BMI) and Charlson Comor-
bidity Index (CCI) across sites. Differences between 
preimplementation and postimplementation popula-
tions were assessed using t-test, Χ2 test and Wilcoxon 
rank-sum test. Similarly, differences in the mean rate 
of PICC and midline utilisation from preimplementa-
tion to postimplementation were assessed using paired 
two-sample t-tests. Differences in inappropriate PICC 
use between preimplementation and postimplemen-
tation periods were assessed using logistic regression, 
adjusting for patient age, gender, race, LOS, BMI and 
CCI. An interaction term (time×site) was added to 
assess pre–post differences between the intervention 
and control sites.

Segmented Poisson regression was used to assess the 
effect of the intervention on rates of inappropriate 
PICC use. Separate models were fit to intervention and 
control sites, adjusted for age, gender, race, LOS, BMI 
and CCI per month. Models were tested for overdis-
persion and autocorrelation using recommended 
methods.27 28 Counts were offset by the natural loga-
rithm of the total number of PICC days per month 
with robust estimators of variance. Pre–post differ-
ences in the rates of inappropriate PICC use between 
sites (study/control) were tested by including an inter-
action term.29 Results were reported as incidence rate 
ratios (IRR) and 95% CIs. All statistical tests were 
two-sided, with P<0.05 considered statistically signif-
icant. All analyses were conducted on Stata V.14.

Results
Data were collected between 1 August 2014 and 31 July 
2016. The intervention was launched on 1  August 
2015; thus, information was available for 12 months 
preimplementation and postimplementation. At the 
intervention site, a total of 2131 PICCs were placed 
during the study period. Sixty per cent (n=1278) of 
PICCS were placed prior to implementation, whereas 
the remaining 40% (n=853) were placed in the post-
implementation period. Of these patients, data on 517 
and 446 inpatients with PICCs in the preimplemen-
tation and postimplementation period were evaluated. 
In comparison, data from a total of 3530 and 3083 
inpatients with PICCs were included from 9 (control) 
hospitals preimplementation and postimplementation, 
respectively.

Differences in patient characteristics between the 
baseline and postintervention period at the intervention 
site and controls were noted (table 1 and online supple-
mentary appendices D and E). For example, at the inter-
vention site, patients in the preimplementation period 
were more often female (60.9% vs 47.8%, P<0.001) 
and less often diagnosed with mild liver disease (5.8% 
vs 9.4%, P=0.033), chronic kidney disease (26.7% vs 
39.7%, P<0.001) and chronic obstructive pulmonary 
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disease (35.2% vs 44.0%,  P=0.006) than patients 
postintervention. Similarly, patients in the preperiod 
had a shorter median length of hospital stay and lower 
CCI when compared with patients in the postperiod 
(11 vs 12 days, P=0.015 and 3.05 vs 4.18, P<0.001, 
respectively).

Following implementation of MAGIC, the mean 
rate of PICC use at the intervention site significantly 
decreased from 9.51 to 6.31 PICCs per 1000 patient-
days (P<0.001) (figure 1A). As the rate of PICC util-
isation declined, the rate of midline use increased 
from a mean of 0.44 to 1.50 midlines/1000 patient-
days (P<0.001) (figure 1B). Use of multilumen PICCs 
decreased at the intervention site from 85.7% to 
54.3%, while use of single-lumen PICCs increased 
from 14.3% to 45.7% between the preimplementation 
and postimplementation period (P<0.001 for both) 
(figure 2).

After adjusting for patient characteristics, inap-
propriate PICC placement decreased from 91.3% 
(n=472) to 65.3% (n=291) at the intervention site, 

representing an absolute decrease of 26.0% (P<0.001). 
In comparison, a smaller but statistically significant 
decline in inappropriate PICC use was observed at 
control sites (72.2% vs 69.6%, absolute decrease of 
2.6%; P<0.001). The extent of the decrease was 
greater at the intervention site compared with the 
control (P<0.001). The greatest improvement in indi-
vidual measures of PICC appropriateness occurred 
for PICC use ≤5 days and PICC use ≤14 days in ICU 
at the intervention site (24.6% to 13.5%, P<0.001; 
32.3% to 18.6%, P=0.003, respectively). At control 
sites, both PICC placement  ≤5 days and ICU PICC 
placement ≤14 days minimally increased. There was 
a 26.7% decrease in multilumen PICC use (89.5% vs 
62.1%, P<0.001) at the intervention site. The extent 
of this decline was significantly greater than the 3.8% 
decrease (67.3% vs 63.5%, P<0.001) at the control 
sites (P<0.001 for the interaction term) (table 2).

After accounting for underlying trends and adjusting 
for patient characteristics by month and site (age, 
race, gender, LOS, BMI and CCI), a 13.8% decrease 

Table 1  Patient characteristics at the intervention ite

Characteristics Pre (n=517) Post (n=446) P

Age, mean (SD) 64.8 (16.8) 63.2 (15.7) 0.149
Female 315 (60.9) 213 (47.8) <0.001
Race 0.326
 � White 385 (74.6) 322 (72.2)
 � African–American 122 (23.6) 110 (24.7)
 � Other 9 (1.7) 14 (3.1)
Non-Hispanic 502 (97.3) 434 (97.3) 0.983
Body mass index, mean (SD) 31.0 (11.2) 31.0 (10.2) 0.974
Charlson Comorbidity Index, mean (SD) 3.05 (2.4) 4.18 (2.8) <0.001
Comorbidities
 � AIDS/HIV 2 (0.4) 10 (2.2) 0.010
 � Cerebrovascular disease 102 (19.7) 83 (18.6) 0.660
 � Coagulopathy 7 (1.4) 14 (3.1) 0.059
 � Dementia 56 (10.8) 41 (9.2) 0.399
 � Diabetes, complicated and uncomplicated 224 (43.3) 185 (41.5) 0.563
 � Hyperlipidaemia 108 (20.9) 108 (24.2) 0.217
 � Hypertension 393 (76.0) 318 (71.3) 0.097
 � Mild liver disease 30 (5.8) 42 (9.4) 0.033
 � Moderate/severe liver disease 10 (1.9) 16 (3.6) 0.114
 � Moderate/severe chronic kidney disease 135 (26.1) 177 (39.7) <0.001
 � Peptic ulcer disease 10 (1.9) 19 (4.3) 0.035
 � Peripheral vascular disease 59 (11.4) 55 (12.3) 0.660
 � History of chronic obstructive pulmonary disease 182 (35.2) 196 (44.0) 0.006
 � History of congestive heart failure 179 (34.6) 177 (39.7) 0.105
 � History of rheumatoid arthritis 23 (4.5) 29 (6.5) 0.160
Length of stay in days, median (IQR) 11 (7–18) 12 (8–20) 0.015
Payer 0.024
 � Medicare 320 (62.9) 235 (53.2)
 � Medicaid 81 (15.9) 91 (20.6)
 � Other 103 (20.2) 112 (25.3)
 � No insurance 5 (1.0) 4 (0.90)
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in the rate of inappropriate PICC use was observed 
at the intervention site (IRR: 0.86; 95% CI 0.74 to 
0.99, P=0.048). No significant changes in the rate 
of inappropriate PICC use was observed for controls 
(figure  3). The interaction term was significant 
(P=0.003), indicating that the extent of the decline 
was greater at the intervention site compared with 
control sites.

The proportion of patients with (any) PICC-related 
complication decreased at the intervention site compared 

with controls (33.9% to 26.7%, vs 22.4% to 20.8%, in 
the preimplementation vs postimplementation periods, 
respectively). The extent of the decrease at the interven-
tion site was greater than control sites (P=0.036, inter-
action term). With respect to individual complications, 
the proportion of patients experiencing catheter occlu-
sion at the intervention site decreased by 6.4% (28.4% 
to 22.0%, P=0.011) from preimplementation to postim-
plementation; no significant change in the proportion of 
patients with occlusion was observed at control sites. No 

Figure 1  Utilisation of (A) peripherally inserted central catheter (PICC) and (B) midlines before versus after implementation. All rates expressed as devices 
per 1000 catheter days at study site. 

Figure 2  Proportion of single-lumen, double-lumen and triple-lumen peripherally inserted central catheter (PICC) use at the intervention site before 
versus after implementation.
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significant change in the proportion of patients with VTE 
or CLABSI at intervention or control sites was observed 
(table 2).

Discussion
In this study, implementation of MAGIC led to improve-
ments in PICC use and outcomes. Although rates of inap-
propriate PICC use improved overall, the magnitude of 
improvement at the study site following adjustment was 
modest. While the change in performance did outpace the 
secular trend (suggesting that MAGIC was effective), the 
size, scope and effort needed to improve PICC use were 
substantial. Specifically, a multimodal intervention that 
included education, changes to the electronic order set, 
training of vascular access nurses and a decision tool was 
necessary. As MAGIC recommendations regarding the 
number of device lumens and dwell time in ICU and ward 
settings improved at the study site, this may have been 
the ‘active ingredient’ in moderating change. Similarly, 
while a reduction in the overall proportion of patients 
who experienced a PICC complication only occurred at 
the study site, the effect was largely due to reduction in 
catheter occlusion likely from choices regarding lumens. 
Somewhat disappointingly, major complications such as 
CLABSI and DVT did not change, perhaps owing to low 
rates overall as well as our sampling strategy.30 Collec-
tively, while these data suggest that an intervention using 
MAGIC has the ability to improve PICC safety in hospi-
tals, whether or not such interventions are pragmatic in 
the context of resource use and impact is unclear.

The question as to which of the intervention compo-
nents was the ‘active ingredient’ in improving PICC use is 
important to consider. For example, standardising recom-
mendations via an appropriateness tool empowered 
vascular access nurses to apply evidence at the ‘point of 
care’. Similarly, introducing alternative peripheral venous 
access devices for patients that require short-term venous 
access led to decreased reliance on PICCs. The vascular 
access team also developed new and enhanced skills, 
including use of ultrasound for ‘difficult’ venous access 
and a midline programme. The creation of these alterna-
tives, in turn, necessitated education and orientation of 
ordering clinicians not familiar with these devices. This 
type of education is labour-intensive and requires longitu-
dinal reinforcement. Finally, introduction of EMR-based 
changes helped implementation for both physicians and 
the vascular access team. Importantly, this initiative has 
allowed the vascular access team at the intervention site 
to move from being viewed as ‘operators’ who place 
PICCs to ‘consultants’ for the right vascular device for 
the right patient at the right time.

It is important to acknowledge that implementing 
MAGIC was not without financial commitment from the 
hospital. For one, the initiative included purchase of addi-
tional hand-held ultrasound equipment (approximately 
$10 000) and expenses related to educational sessions. 
Although the return on this investment was considered 
reasonable in terms of cost savings from reduced PICC Ta
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use and increased appropriateness, the only significant 
reduction in complications observed was occlusion. 
While an overall decrease in rates of CLABSI and VTE 
was  noted, these did not reach statistical significance. 
Thus, future quality improvement initiatives seeking 
to deploy MAGIC (or related real-world, multimodal 
initiatives) must carefully consider whether the effort 
and resources required are reasonable when weighing 
return on investment. In this context, it is important to 
acknowledge that this work was conducted in a collab-
orative whose member hospitals were actively engaged 
in PICC quality improvement—predisposing to a strong 
secular trend or ‘rising tide’ phenomenon.31 Effects in 
more ‘naive’ settings might vary and would be important 
to evaluate in future studies.

Our study has limitations. First, the intervention was 
conducted in a single community hospital; thus, findings 
are difficult to generalise to other settings. Furthermore, 
since data collection through the quality collaborative is 
focused on hospitalised adult medical patients, impact of 
the intervention on surgical patients is unknown. Second, 
the intervention had multiple components; thus, it was 
not possible to isolate which MAGIC element served 
as the ‘active ingredient’ or whether all elements were 
necessary. Third, while overall rates of complications 
improved, the magnitude of the impact was less than 
anticipated and largely limited to catheter occlusion.

Our study also has important strengths. First, we used 
rigorous methods including an interrupted time  series 
design with external controls to assess the influence of 
MAGIC on PICC outcomes and complications. Second, 
MAGIC was effective despite implementation within 
collaborative hospitals that are actively focused on 
measuring and improving PICC outcomes. Third, our 
findings highlight the importance of a multidisciplinary 
approach to improving decisions in vascular access. By 
engaging and empowering vascular nurses to improve 
decision  making related to PICCs, important gains in 
safety were made. Given that vascular access is one of the 
most commonly used procedures in hospitals and reports 
of inappropriate PICC use are growing, these data are 
of importance to hospitals and health systems across the 
nation.

In conclusion, we found that implementation of 
MAGIC improved overall PICC use and appropri-
ateness. Future studies to validate this effect across 
multiple sites, assess cost-effectiveness and evaluate 
impact on complications such as CLABSI and VTE 
among patients with PICCs now appear necessary.
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