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ABSTRACT

Background The Michigan Appropriateness Guide for
Intravenous Catheters (MAGIC) provides evidence-based
criteria for peripherally inserted central catheter (PICC)
use. Whether implementing MAGIC improves PICC
appropriateness and reduces complications is unknown.
Methods A quasiexperimental study design to
implement MAGIC in 52 Michigan hospitals was

used. Data were collected from medical records by
trained abstractors. Hospital performance on three
appropriateness criteria was measured: short-term

PICC use (=5days), use of multilumen PICCs and PICC
placement in patients with chronic kidney disease.

PICC appropriateness and device complications
preintervention (January 2013 to December 2016) versus
postintervention (January 2017 to January 2020) were
compared. Change-point analysis was used to evaluate
the effect of the intervention on device appropriateness.
Logistic regression and Poisson models were fit to
assess the association between appropriateness and
complications (composite of catheter occlusion, venous
thromboembolism (VTE) and central line-associated
bloodstream infection (CLABSI)).

Results Among 38 592 PICCs, median catheter dwell
ranged from 8 to 56 days. During the preintervention
period, the mean frequency of appropriate PICC use was
31.9% and the mean frequency of complications was
14.7%. Following the intervention, PICC appropriateness
increased to 49.0% (absolute difference 17.1%,
p<0.001) while complications decreased to 10.7%
(absolute difference 4.0%, p=0.001). Compared with
patients with inappropriate PICC placement, appropriate
PICC use was associated with a significantly lower

odds of complications (OR 0.29, 95% ClI 0.25 to 0.34),
including decreases in occlusion (OR 0.25, 95% Cl
0.2110 0.29), CLABSI (OR 0.61, 95% Cl 0.46 to 0.81)
and VTE (OR 0.40, 95% Cl 0.33 to 0.47, all p<0.01).
Patients with appropriate PICC placement had lower
rate of complications than those with inappropriate PICC
use (incidence rate ratio 0.987, 95% Cl 0.98 to 0.99,
p<0.001).

Conclusions Implementation of MAGIC in Michigan
hospitals was associated with improved PICC
appropriateness and fewer complications. These findings

have important quality, safety and policy implications for
hospitals, patients and payors.

INTRODUCTION
Because they can be inserted at the bedside,
are safer to insert than other central
venous catheters and facilitate transitions
of care, peripherally inserted central cath-
eters (PICCs) have become one of the
most prevalent vascular access devices in
US hospitals.' ? Like other central venous
catheters, however, PICCs are associ-
ated with infectious and non-infectious
risks including venous thromboembolism
(VTE) and central line-associated blood-
stream infection (CLABSI).>”® Addition-
ally, PICC occlusion remains one of the
most common device-complications and
leads to delays in treatment, increase in
cost and in some cases, PICC replace-
ment.”®

One strategy to avoid PICC-related
adverse events is to only place the device
when it is appropriate: that is, when the
benefits of use outweigh risks. The Mich-
igan Appropriateness Guide for Intra-
venous Catheters (MAGIC) offers an
evidence-based strategy to inform clini-
cians on when it is appropriate to place a
PICC.” Developed by a multidisciplinary
panel, MAGIC provides appropriateness
ratings for PICC use, taking into account
duration of therapy, the type of infusion
being delivered and the indication for
treatment. Interventions using MAGIC
have demonstrated more appropriate
PICC use and a decrease in central line
days and device utilisation.'” However,
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whether implementing MAGIC reduces device-related
complications is not known. Improving PICC appro-
priateness while also reducing complications would
make a compelling case for implementing MAGIC in
hospitals.

In partnership with a statewide safety-focused
collaborative, we designed a multimodal intervention
to assess the impact of MAGIC on PICC appropriate-
ness and device-associated complications.

METHODS

Study, setting and design

We used data from the Michigan Hospital Medi-
cine Safety (HMS) Consortium from 1 January
2013 to 13 January 2020 to examine the association
between PICC appropriateness and major PICC-
related complications (composite of CLABSI, VTE
and catheter occlusion). A collaborative quality initi-
ative funded by Blue Cross Blue Shield of Michigan
and Blue Care Network, a core initiative of HMS is
focused on measuring and improving PICC use and
outcomes in participating hospitals."' The design and
setting of this project and the consortium have been
previously described.'* '* Beginning 1 January 2013,
trained abstractors at each hospital collected data using
a defined protocol, sampling frame and standardised
template. Hospitalised medical patients who received
PICCs while admitted to a general medical ward or
intensive care unit (ICU) during clinical care were
eligible for inclusion. Patients were excluded if they
were under the age of 18 years, pregnant, admitted to
a non-medicine service (eg, surgery) or in observation
status. Every 14 days, each hospital collected detailed
data on the first 17 eligible patients that received a
PICC at their facility, with at least 7 PICCs placed in an
ICU setting. All patients were prospectively followed
until the PICC was removed, a major complication
or death occurred or 30-day elapsed following inser-
tion (whichever occurred first). Follow-up occurred
via a combination of medical record review (eg, chart
abstraction) and telephone calls at 7, 14 and 30 days.
To ensure data quality and integrity, annual data audits
were performed at each participating hospital by the
HMS coordinating centre at the University of Mich-
igan.

Patient, provider and device data

Patient characteristics (eg, demographics, comorbidi-
ties, medications, physical findings, imaging and labo-
ratory results) were abstracted from hospital medical
records. For patients with more than one PICC, the
first PICC was included and subsequent devices were
excluded (n=2988). PICC characteristics, including
indication for insertion, catheter gauge, number of
lumens and insertion attempts, were abstracted from
the physician order, the vascular access nurse inser-
tion note or the radiology provider insertion note,
as available. Provider characteristics, including the

specialty of the attending physician and the operator
that inserted the PICC were collected from medical
records. In addition, data regarding consultation with
specialists prior to PICC insertion (eg, nephrologists
for PICC use in patients with chronic kidney disease
(CKD)) were also recorded.

Implementation strategy and intervention design

To improve PICC appropriateness, we designed and
implemented an evidence-based, pay-for-performance
intervention based on MAGIC. We informed our
intervention using theory-based guidance and used a
Type 1 hybrid effectiveness implementation strategy,
which focused on the effectiveness outcomes of
an intervention, while exploring the ‘implementa-
bility’ of the same.'* The intervention was based on
three targets aimed at corresponding appropriateness
criteria: reducing short term PICC use (<35 days),
decreasing use of multilumen devices and avoiding
PICC placement in patients with CKD (defined as an
estimated glomerular filtration rate <45 mL/min/1.73
m?), unless approved by a nephrologist prior to inser-
tion. To reach these targets, hospitals were given access
to a toolkit that consisted of: (a) an online learning
platform;™ (b) access to subject matter experts; (c)
knowledge sharing at quarterly in-person meet-
ings and (d) feedback on performance via a central
website. The toolkit included educational materials,
summaries of best practices and peer-reviewed publi-
cations, electronic order-set templates, policies and
protocols based on MAGIC, strategies to empower
vascular access teams to make device decisions and
tactics to engage subspecialists such as nephrologists
and infectious diseases to approve PICC use in appro-
priate settings. The toolkit was introduced 1 January
2017 and is available online at: https://www.improve-
picc.com/implementation.html. To complement the
toolkit, quarterly in-person meetings where unblinded
hospital performance data related to performance on
appropriateness targets, examples of innovations and
best practices across hospitals and challenges and solu-
tions were featured. Participating sites received annual
payments for their quality improvement efforts, with
partial to full payment based on performance on each
of the three criteria.

Assessing PICC appropriateness and PICC-related
complications

We assessed PICC appropriateness at the hospital
level, based on whether or not devices placed at the
site met all three appropriateness criteria. Data from
52 hospitals were included in the analysis preinter-
vention and postintervention; however, given changes
within the collaborating hospitals throughout the study
period with some hospitals dropping out of HMS and
others joining the collaborative, hospital-level anal-
ysis was restricted to 41 hospitals that participated
throughout the intervention. Within each hospital,
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appropriateness assessments were made on the patient
level such that overall hospital performance was calcu-
lated and shared via the online platform. To control for
competing risk, patients who died during the period
of review were excluded from the analysis. Compli-
cations per PICC were measured at each hospital
using standardised definitions and included catheter
occlusion, VTE and CLABSI." Catheter occlusion was
defined as documentation of failure to aspirate, flush
the catheter and/or use of tissue plasminogen activator
for catheter-related indications.® VTE was defined as
clinically suspected deep vein thrombosis (DVT) and/
or pulmonary embolism (PE) not present at the time of
PICC placement subsequently confirmed via imaging
(ultrasonography or venogram for DVT; CT, high-
probability ventilation-perfusion scan or pulmonary
angiogram for PE). CLABSI was defined in accordance
with the CDC’s National Healthcare Safety Network
criteria or if ‘CLABSI’, ‘line bactaeremia’ or, ‘line
sepsis’ were documented in the medical record.'® As
with appropriateness, rates of complications were
shared with hospitals via an online dashboard and
quarterly in-person meetings. This report focuses on
effectiveness outcomes; the assessment of implementa-
tion fidelity, barriers and facilitators is ongoing.

Statistical analysis
We performed two main analyses. First, to evaluate
the effect of the intervention on PICC appropriate-
ness and complications, we used change-point analysis
and the associated cumulative sum (CUSUM) method
as described by Taylor et al.'” '® This approach uses a
mean-shift model with Cls obtained through bootstrap
analysis so as to provide robust estimation of outcomes
in relation to intervention onset. This method was pref-
erable to a Poisson or mixed effects logistic approach
because our interest was to identify change points
in relation to the intervention, rather than compare
means across an a priori assigned time point. Second,
to examine the association between appropriateness
and complications (composite of occlusion, VTE and
CLABSI), we fit multilevel mixed effects logistic regres-
sion (accounting for patients nested within hospitals)
and mixed effects Poisson models (accounting for rate
of events) adjusted for patient-level, device-level and
facility-level covariates. Results were expressed as ORs
and incidence rate ratios (IRRs) with corresponding
95% CI.

All analyses were performed in Stata, V.16 (Stata,
College Station, Texas, USA). A two-sided p<0.05 was
considered significant.

RESULTS

From 1 January 2013 to 13 January 2020, data from
41738 PICCs placed in 38592 unique patients in 52
hospitals were available for analysis. Across hospitals,
a majority of patients that received PICCs were men
(51.3%), with a median age of 64 years and a median

Charlson comorbidity score of 3. The top three indica-
tions for PICC insertion were intravenous antibiotics
(51.9%), difficult access/need for blood draws (20.3%)
and medications requiring central access (11.7%);
the indication for insertion was not documented for
3598 (9.3%) PICCs. Among PICCs sampled, 10953
(28.4%) were placed in ICU settings. Most PICCs were
inserted by vascular access teams (n=26 644 (69.0%)),
but some were placed by interventional radiologists
(n=7171 (18.6%)).

Compared with patients with appropriate PICC use,
patients with inappropriate PICC use were younger
(63.3 vs 64.5 years), more likely to be black (21.9% vs
18.8%) and women (52.5% vs 43.0%, all p<0.001).
With respect to category of appropriateness, 82.1% of
PICCs were inappropriate because multilumen PICCs
were inserted where a single lumen device would have
been sufficient, 29.2% were placed for <5days and
25.9% were placed in patients with CKD (table 1).

Preintervention appropriateness and frequency of
complications

In the preintervention period, most PICCs placed were
double-lumen devices (n=10156, 46.0%), followed
by single-lumen (n=9354, 42.4%) and triple-lumen
catheters (n=2571, 11.6%). The median duration
of PICC use across hospitals was 13.5days (range:
8-56.5 days).

In the preintervention period, the baseline frequency
of inappropriate PICC use (composite of <S5 days,
multilumen use or PICC use in patients with CKD)
was 68.1% (31.8%-96.3% across hospitals). The
proportion of PICCs that were inappropriate varied
as follows: dwell time <S§days 20.9% (5.4%-36.0%
across hospitals); multilumen catheters 57.6% (7.1%-
93.9% across hospitals) and use in CKD 17.3%
(0.2%-28.9% across hospitals).

The baseline frequency of complications was 14.7%
(median 2.0%-31.0% across hospitals). The frequency
of catheter occlusion was 10.6% (0.5%-27.0% across
hospitals), CLABSI 1.8% (0.0%-5.2% across hospi-
tals) and VTE 3.3% (0.0%-8.5% across hospitals).

Postintervention appropriateness and frequency of
complications

Following implementation, inappropriate PICC use
decreased from 68.1% to 51.0% (absolute reduc-
tion=17%, p<0.001; range of absolute decrease
17.3%-80.5% across hospitals). Overall, improve-
ment in appropriateness ranged from —5.2% (one
hospital) to +70.3% across 41 hospitals (figure 1). Use
of multilumen devices improved the most, decreasing
from 57.6% preintervention to 39.6% postinterven-
tion (absolute reduction=18%, p<0.001; range of
absolute decrease 3.8%-74.4% across hospitals).
Similarly, for PICC dwell <5 days, improvement from
20.9% preintervention to 13.6% postintervention was
observed (absolute reduction=7.3%, p<0.001; range
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Table 1
PICC appropriateness)

Demographic, clinical and device characteristics for all patients that received peripherally inserted central catheters (stratified by

Total Appropriate placement Inappropriate placement

(n=38592) (n=15128) (n=23464) P value
Demographics
Age, median (IQR) 64 (52.9-74.8) 64.5 (53.4-75.2) 63.3(52.1-74.1) <0.001
Women, n (%) 18809 (48.7%) 6501 (43.0%) 12308 (52.5%) <0.001
Race, n (%)
White 28540 (74.0%) 11466 (75.8%) 17074 (72.8%) <0.001
Black 7975 (20.7%) 2838 (18.8%) 37(21.9%) <0.001
Unknown 799 (2.1%) 280 (1.9%) 519 (2.2%) 0.015
Other 1278 (3.3%) 544 (3.6%) 734 (3.1%) 0.012
Clinical characteristics
Charlson Comorbidity Score, median (IQR) 3(1-5) 3(2-5) 3(1-4) <0.001
Body mass index, median (IQR) 28.8 (24-35.3) 28.9 (24-35.6) 28.7 (24.1-35) 0.111
Comorbidities, n (%)
History of cancer 8593 (22.3%) 2669 (17.6%) 5924 (25.2%) <0.001
History of COPD 9540 (24.7%) 3006 (19.9%) 6534 (27. 8%) <0.001
History of CHF 10001 (25.9%) 2944 (19.5%) 7057 (30.1%) <0.001
History of MI 5813 (15.1%) 1786 (11.8%) 4027 (17 2%) <0.001
History of arthritis 2227 (5.8%) 812 (5.4%) 1415 (6%) 0.006
History of DVT 5244 (13.6%) 1923 (12.7%) 3321 (14.2%) <0.001
History of PE 2704 (7.0%) 940 (6.2%) 1764 (7.5%) <0.001
History of lung disease 15600 (40.4%) 5048 (33.4%) 10552 (45%) <0.001
History of severe illness 9962 (25.8%) 1398 (9.2%) 8564 (36.5%) <0.001
History of pneumonia 10778 (27.9%) 3274 (21.6%) 7504 (32%) <0.001
History of sepsis 16430 (42.6%) 7263 (48%) 9167 (39.1%) <0.001
History of CVA/TIA 6271(16.2%) 2051 (13.6%) 4220 (18%) <0.001
History of osteomyelitis 5329 (13.8%) 3753 (24.8%) 1576 (6.7%) <0.001
History of cellulitis 24 (18.5%) 4467 (29.5%) 2657 (11.3%) <0.001
Cerebrovascular disease 5822 (15.1%) 1926 (12.7%) 3896 (16.6%) <0.001
Dementia 2945 (7.6%) 09 (7.3%) 1836 (7.8%) 0.074
Diabetes—complicated 8427 (21.8%) 3777 (25%) 4650 (19.8%) <0.001
Diabetes—uncomplicated 37 (18.5%) 2641 (17.5%) 4496 (19.2%) <0.001
Hypertension 25 931 (67.2%) 10025 (66.3%) 15906 (67.8%) 0.002
Mild liver disease 2473 (6.4%) 935 (6.2%) 1538 (6.6%) 0.143
Severe CKD 13398 (34.7%) 3935 (26%) 9463 (40.3%) <0.001
Peripheral vascular disease 6079 (15.8%) 2669 (17.6%) 0(14.5%) <0.001
Active cancer 2568 (6.7%) 513 (3.4%) 2055 (8.8%) <0.001
Laboratory values, median (IQR)
Haemoglobin 10.3 (8.8-11.8) 10.1 (8.6-11.7) 10.6 (9.2-12) <0.001
White blood cell count 9(6.6-12.3) .5(6.8-13.3) .3(6.4-10.9) 0.377
Platelets (x10° per litre) 237 (170-322) 221 (156-302) 263( 94-352) <0.001
eGFR 61(54-93) 60 (41-87) 77 (60-101) 0.006
International normalised ratio 4(1.02-1.31) 1.14 (1.03-1.33) 4(1.02-1.3) 0.702
Device characteristics
PICC days, median (IQR) 17 (7-30) 10 (5-28) 30 (15-35) <0.001
Gauge (Fr), median (IQR) 5 (4-5) 5 (5-5) 4 (4-4) <0.001
Number of lumens, n (%)
Single 19322 (50.1%) 15128 (100%) 94 (17.9%) <0.001
Double 15785 (40.9%) 5785 (67.3%)
Triple 3483 (9.0%) 3483 (14.8%)
Quadruple 2 (0.0%) 2 (0.0%)
Dwell time <5days, n (%) 6860 (17.8%) 6860 (29.2%)

Continued
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Table 1 Continued

Total Appropriate placement Inappropriate placement

(n=38592) (n=15128) (n=23464) P value
PICC in patients with CKD, n (%) 6084 (15.8%) 6084 (25.9%)
Indications for PICCs, n (%)
Antibiotics 20048 (51.9%) 12342 ( .6%) 7706 (32.8%) <0.001
Blood transfusion or blood products 179 (0.5%) 4(0.1%) 165 (0.7%) <0.001
Chemotherapy 1270 (3.3%) 129 (0.9%) 1141 (4.9%) <0.001
Difficult access/blood draws 7844 (20.3%) 1292 (8.5%) 6552 (27.9%) <0.001
Medications requiring central access 4533 (11.7%) 731 (4.8%) 3802 (16.2%) <0.001
Multiple incompatible fluids 803 (2.1%) 26 (0.2%) 777 (3.3%) <0.001
Parenteral nutrition 2691 (7%) 190 (1.3%) 2501 (10.7%) <0.001
Medication requiring central access per hospital 98 (0.3%) 9(0.1%) 89 (0.4%) <0.001
policy
Unknown 3598 (9.3%) 884 (5.8%) 2714 (11.6%) <0.001
ICU setting, N (%) 10953 (28.4%) 852 (5.6%) 10101 (43%) <0.002
Operator/Inserter, N (%)
Vascular access team 26644 (69.0%) 10666 (70.5%) 15978 (68.1%) <0.001
Interventional Radiology 7171 (18.6%) 2679 (17.7%) 4492 (19.1%) <0.001
Site-level characteristics
Bed size, median (IQR) 380 (273-584) 391 (283-632) 379 (250-537) <0.001
Total number of discharges, median (IQR) 19591 (12453-29763) 19591 (13 245-29763) 19307 (10873-29763) <0.001
Teaching hospital, % 37367 (96.8%) 14471 (95.7%) 22896 (97.6%) <0.001
Non-profit, % 31401 (81.4%) 12479 (82.5%) 18922 (80.6%) <0.001
For-profit, % 2381 (6.2%) 1069 (7.1%) 1312 (5.6%) <0.001
Government, % 3137 (8.1%) 796 (5.3%) 2341 (10.0%) <0.001

BMI, body mass index; CHF, congestive heart failure; CKD, chronic kidney disease; CLABSI, central line-associated bloodstream infection; COPD, Chronic
Obstructive Pulmonary Disease; CVA/TIA, cerebrovascular accident/transient ischaemic attack; CVC, central venous catheter; DVT, deep vein thrombosis;
eGFR, estimated glomerular filtration rate; IBS, irritable bowel syndrome; ICU, intensive care unit; MI, Myocardial Infarction; PE, pulmonary embolism;

PICC, peripherally inserted central catheter.

of absolute decrease 3.6%-27.3% across hospitals).
For PICC use in CKD, appropriateness improved from
17.3% preintervention to 13.7% postintervention
(absolute reduction=3.6%, range of absolute improve-
ment 0.0%-29.0% across hospitals, p<0.001).
During the study, PICC-related complications
decreased from 14.7% to 10.7% (p=0.001, 0.0%-
26.6% across hospitals postintervention). Across
hospitals, reductions in complication events preinter-
vention versus postintervention ranged from —15.4%
to +9.2% (figure 2). Catheter occlusion improved
the most, decreasing from 10.6% to 7.4% (p<0.001,
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Figure 1 Bar graph illustrating per cent of PICCs meeting all 3
Appropriateness Criteria in 41 Michigan Hospitals (preintervention vs
postintervention). PICC, peripherally inserted central catheter.

0.0% to 25.0% across hospitals). Similarly, VTE
decreased from 3.3% t0 2.5% (p<0.001, 0.0% to 8.7%
across hospitals). Specifically, upper-extremity DVT
decreased from 2.0% to 1.4% (p<0.001, -1.3% to
3.9% across hospitals). CLABSI decreased from 1.8%
to 1.4% (p=0.015, 0.0% to 4.1% across hospitals).

Association between intervention and outcomes

Using CUSUM, change points were identified at
February 14, 2017 (95% CI (14 January 2017 to
17 March 2017)) for appropriateness and 15 May
2017 (95% CI (3 January 2017 to 28 March 2017))

Percent of PICCs with complications
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Figure 2 Bar graph illustrating per cent of PICCs with complications
in 41 Michigan Hospitals (preintervention vs postintervention). PICC,
peripherally inserted central catheter.
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Table 2 Association between catheter appropriateness and risk of complications

Appropriate PICC placement

Inappropriate PICC placement

(n=15128), no. (%) (n=23464), no. (%) OR (95%Cl) P value
Occlusion 572 3.78% 2998 12.78% 0.25(0.21t00.29) <0.001
CLABSI 136 0.90% 490 2.09% 0.61(0.46t0 0.81) 0.001
VTE 214 1.41% 925 3.94% 0.40(0.33t00.47)  <0.001
All complications 884 5.84% 4130 17.60% 0.29(0.25t00.34)  <0.001

Mixed-effects logistic model including hospital random effects and year fixed effects. All models control for patient characteristics (sex, age, Charlson
Comorbidity Score, BMI, history of cancer, indication of current CVC at time of PICC placement, line duration).
BMI, body mass index; CLABSI, central line-associated bloodstream infection; CVC, central venous catheter; PICC, peripherally inserted central catheter;

VTE, venous thromboembolism.

for PICC-associated complications. For both change
points, the bootstrapped estimates were smaller than
the original CUSUM estimate >99% of the time,
providing strong evidence that rates of appropriate-
ness and complications changed during this period
(online supplemental figure).

Association between appropriateness and
complications

Following adjustment, compared with patients with
inappropriate PICC placement, appropriate PICC
use was associated with a significantly lower odds of
major complications (OR 0.29, 95% CI 0.25 to 0.34).
Reductions were observed for all major complications,
including catheter occlusion (OR 0.25, 95% CI 0.21 to
0.29), CLABSI (OR 0.61, 95%CI 0.46 to 0.81), VTE
(OR 0.40, 95%CI 0.33 to 0.47) and upper-extremity
DVT (OR 0.40, 95%CI 0.32 to 0.49, all p<0.001)
(table 2). Greater PICC appropriateness was associated
with fewer complications (OR 0.72, 95%CI 0.60 to
0.86; Pearson correlation=—0.26, p<0.001 for both).
In a Poisson model examining association between
appropriateness and complications, patients with
appropriate PICC placement experienced a lower rate
of major complications than those with inappropriate
PICCs (IRR 0.987, 95% CI 0.98 to 0.99, p<0.001).

DISCUSSION

In this multicentre quasiexperimental interventional
study, MAGIC implementation in 52 Michigan hospi-
tals was associated with improved PICC appropriate-
ness. Moreover, compared with inappropriate PICC
use, appropriate PICC use was associated with a reduc-
tion in major complications (OR 0.29, 95%CI 0.25
to 0.34; IRR 0.987, 95%CI 0.98 to 0.99, p<0.001).
Given the large number of included hospitals and
reduction in the incidence of costly, morbid and poten-
tially lethal complications, broader use of MAGIC in
hospitals appears warranted.

Appropriateness criteria have been in use since the
1970s and have traditionally focused on providing
guidance on best practices when evidence is unclear
or uncertain. These criteria have also been used by
policymakers to assess quality of care, inform finan-
cial reimbursement and payment and assess the value

of services provided to patients. Few appropriateness-
based criteria, however, have moved from a theoretical
realm (ie, what should be done) to daily clinical prac-
tice (ie, what is done). A notable exception is the Amer-
ican College of Radiology Appropriateness Criteria
guidance, which has translated recommendations into
computerised decision support at the point-of-care
using a designated platform (ACR Select).” At incep-
tion, MAGIC was created using a similar approach:
recommendations such as limiting the number of
lumens or not placing PICCs in patients with CKD
are meaningful and accessible to ordering providers.
Importantly, while ACR and other appropriateness
criteria have focused primarily on reducing healthcare
costs, MAGIC also aimed at preventing complications.
The recommendation to avoid short-term PICC use is
a prime example as alternative, lower risk devices, may
be used for this period.

While limited, data showing that MAGIC can be
used to assess appropriateness and improve practice
are promising and growing. In a study by Swamina-
than et al, MAGIC implementation using a combi-
nation of education and feedback at a single site
reduced PICC complications compared with control
sites.’” In a study by investigators in Ontario, applying
MAGIC to measure appropriateness of catheter use in
a provincial database was found to be feasible with a
substantial proportion of PICCs deemed either uncer-
tain or inappropriate—suggesting room for improving
quality of care.?” Similarly, a national study of Medi-
care recipients found that the publication of MAGIC
was associated with reductions in overall PICC use in
the US.*' The present study advances these findings
by showing a significant association between PICC
appropriateness and complications across multiple
hospitals. In addition, the structured MAGIC imple-
mentation yielded significant increase in appropriate-
ness of PICC use and a contemporaneous decrease in
complications.'’ * Moreover, using our current data,
a ‘back of the envelope’ estimate on potential finan-
cial impact suggests substantial savings may be real-
ised as a result of MAGIC. Assuming costs of $145
for catheter occlusion, $15000 per episode of VTE
and $12000 for CLABSI, we estimated savings of
$2.9 million from prevention of complications and
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an estimated $231675 savings on average for an indi-
vidual hospital.® * %> Notably, the degree of improve-
ment at individual hospitals was variable with some
experiencing dramatic change and others, less so.
To gain a greater understanding of which aspects of
implementation (eg, the quality of the delivery of the
intervention at each site, use of ordersets versus clinical
champions and programme differentiation) contrib-
uted to our findings, a combination of site visits and
qualitative work is ongoing. We anticipate that these
qualitative aspects will lend greater insight into what
works, what doesn’t and why for hospitals interested
in implementing MAGIC.

Our study has limitations. First, given the quality
improvement nature of the work, we used an obser-
vational study design without a control group. Thus,
secular trends or unmeasured confounding may influ-
ence our findings. However, to counteract this aspect,
we used rigorous analysis including assessment of
temporarily of change in relation to introduction of
the intervention for confirmation. Second, although
models were fully adjusted and we used multiple
analyses that included hospital and patient charac-
teristics, our data can only show association—not
causation between PICC appropriateness and major
complications. Third, patients were included from
select hospitals in Michigan that agreed to participate
in our initiative and received financial compensation
for the same. Given the size of our intervention and
inclusion of multiple hospitals (representing close to
809% of all hospital beds in Michigan), we have no
reason to believe that this would introduce systematic
bias in patient outcomes. However, it is possible that
hospital engagement and pay for performance ampli-
fied the impact of our intervention. As our interven-
tions targeted process issues such as number of lumens
and dwell time, payments were relatively small and the
included hospitals represent the majority of all acute
care settings in the State of Michigan, we believe our
findings are generalisable. Finally, we do not know
which of our intervention components was the ‘active
ingredient(s)’ in achieving our results; however, quali-
tative work to better understand this aspect is ongoing.

Our study also has important strengths. To our
knowledge, this is the first study showing that imple-
menting MAGIC can lead to both improved catheter
appropriateness and patient outcomes. Our findings
also suggest that reduction in PICC complications
across sites may have substantial economic impli-
cations for hospitals, with estimated savings from
reduced complications potentially summing to over
US$8M® 2% In an era of publicly reported measures
and resource limitations, the business case to turn
to MAGIC as a platform to improving safety and
reducing costs in vascular access is therefore compel-
ling. Second, the implementation toolkit used to
deploy MAGIC is online and available to the public;
it can thus be used by other hospitals, creating a novel

and timely resource to improve PICC safety beyond
this work."” Third, because implementation was asso-
ciated with reduction in costly complications such
as VTE and CLABSI, our findings have substantial
quality and safety implications for hospitals struggling
with these two events. Finally, we used robust methods
to validate our findings including those focused on
temporality of outcomes related to the intervention
and mixed models taking into account clinically rele-
vant confounders. This rigour gives us confidence that
our findings are replicable outside our collaborative,
especially if the impetus to improve vascular device
outcomes in a given hospital is substantial.

In conclusion, our intervention based on MAGIC
led to improved PICC appropriateness and reduced
patient harm across thousands of patients. Wider use
and adoption of MAGIC as a resource to measure,
evaluate and improve PICC safety appears warranted.
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