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Hospitalized pediatric patients often require vascular ac-
cess for necessary therapies, such as antibiotics. How-
ever, vascular access devices (VADs) are also associat-
ed with harm, ranging from insertion complications to 

life-threatening bloodstream infections or thrombosis.1 Pediatric 
hospitalists often guide VAD placement. There is a paucity of 
evidence to guide VAD selection based on the relative benefits 
and risks.2 The Michigan Appropriateness Guide for Intravenous 
Catheters in Pediatrics (miniMAGIC)2 offers the first set of stan-
dards. Like its adult predecessor guideline (MAGIC) published in 
2015, it provides guidance on appropriate VAD selection based 
on current evidence and expertise from a multidisciplinary pan-
el.2 The guideline informs device selection, device characteris-
tics, and insertion technique for the pediatric population (term 
neonates to adolescents) and across a wide range of clinical indi-
cations.2 This review highlights key recommendations for pediat-
ric hospitalists to help their decision-making.

METHODS USED IN PREPARING  
THE GUIDELINE
miniMAGIC was developed using the RAND/UCLA Appro-
priateness Method, a method proven to reduce inappropri-
ate (ie, overused or underused) healthcare interventions.3 
It combines rigorous evidence review with multidisciplinary 
expert opinion on real-world clinical scenarios to provide 
recommendations about an intervention’s appropriate-
ness.3 This is particularly useful for clinical scenarios that lack 
high-quality evidence to guide decision-making. The RAND/
UCLA method deems an intervention appropriate if the ben-
efits outweigh the risks by a wide enough margin that pro-
ceeding is worthwhile, and it does not take cost into account.2 
The method design consists of five phases: (1) defining the 
scope and key terms, (2) reviewing and synthesizing the lit-
erature, (3) selecting an expert panel, (4) developing case 
scenarios, and (5) conducting two rounds of appropriateness 
ratings by the expert panel for each clinical scenario.3 The 
guideline’s scope included term neonates (aged 0-30 days), 

infants (aged 31 days-1 year), children (aged 1-12 years), and 
adolescents (aged 12-18 years). Infants receiving care in the 
neonatal intensive care unit or special care nursery were ex-
cluded. Other specialized populations addressed based on 
setting or diagnosis were general hospitalized patients and 
patients with congenital cardiac disease, critical illness, on-
cologic and hematologic conditions, and long-term VAD-de-
pendent conditions.3 

A total of 133 studies or clinical practice guidelines (CPGs) 
met the eligibility criteria for the systematic review.4 Although 
the systematic review was conducted per the RAND/UCLA 
method using two independent reviewers who evaluated the 
methodologic quality, transparency, and relevancy of each ar-
ticle, there was no formal assessment of evidence quality. The 
recommendations were based primarily on observational stud-
ies and CPGs because there were few randomized controlled 
trials or systematic reviews on VAD selection for pediatric pa-
tients in the literature. Pediatric evidence was limited for cer-
tain scenarios or populations (eg, term neonates, midline cath-
eters, difficult venous access, long-term VAD), so adult and/or 
neonatal evidence was included when applicable.

The panel included 14 pediatric clinical experts from cardiol-
ogy, vascular access, critical care, hematology/oncology, emer-
gency medicine, general surgery, hospital medicine, anesthe-
sia, interventional radiology, pharmacology, and infectious 
diseases. The panel also included nonvoting panel members 
such as the panel facilitators, a methodologist, and a patient 
representative. 

RESULTS OF THE CLINICAL REVIEW 
We review four common clinical scenarios encountered by 
pediatric hospitalists and summarize key recommendations 
(Table).  

Peripherally Inserted Central Catheter 
Patients may require peripherally inserted central catheters 
(PICCs) to facilitate a longer duration of intravenous (IV) thera-
py, such as delivery of antibiotics, or frequent blood draws. The 
need for prolonged vascular access is decreasing, as studies 
show many infections in children previously treated with pro-
longed IV antibiotics can be safely and equally effectively man-
aged with early transition to oral therapy.5-8 These studies high-
light the higher rate of complications and risks associated with 
PICCs, including thrombosis, infection, and mechanical issues, 
as well as the added healthcare utilization needed to evaluate 
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and manage the complications. PICC-associated complication 
rates also increase with duration.4 

However, there are some clinical scenarios that still warrant 
prolonged therapy and/or access; PICC recommendations are 
summarized in the Appendix Figure. The miniMAGIC panel 
deemed PICC lines appropriate for any nonperipheral therapy of 
any length. For peripherally compatible therapy, the panel rated 
PICC placement as inappropriate for therapy lasting less than 8 
days, regardless of patient age. PICC placement in infants, chil-
dren, and adolescents was rated appropriate for therapy with a 
duration exceeding 14 days, but the panel was uncertain about 
therapy expected to last between 8 and 14 days. Recognizing 
the additional challenges with maintaining peripheral IV catheter 
access in neonates, PICCs were deemed appropriate for neo-
nates needing peripheral therapy lasting longer than 7 days.  

The panel rated PICC placement appropriate for frequent 
blood draws (defined as more than one time per day) for more 
than 7 days in neonates or infants and more than 14 days in 
children and adolescents. But regardless of patient age, the 
PICC caliber must be at least 3F. 

The miniMAGIC panel found that a single lumen is appro-
priate in most cases, highlighting that multilumen catheters 
increase the risk for infection, occlusion, and venous throm-
bosis.4 Multilumen catheters were rated as inappropriate in 
the case of reserving a lumen for blood products and blood 
sampling. When reserving a lumen for lipids and parenteral nu-
trition (PN), the panel was uncertain given the lack of evidence 
regarding the risks/benefits of the complications associated 
with the infusions themselves versus those of the device. Re-
gardless, collaboration with a pharmacist and vascular access 
specialist is recommended to aid in choosing the most appro-
priate device characteristics. 

Midline Catheters
Midline catheters are inserted in a peripheral vein, but the 
catheter tip terminates in the proximal extremity. Compared 
with peripheral IV catheters, midline catheters last longer 
and have lower rates of phlebitis. In addition, midline cathe-
ter placement does not require sedation or fluoroscopy and 
has lower rates of infection compared with PICC lines.9 Al-
though there is good evidence in adults, and multiple pan-
elists reported success in using midline catheters in various 
age groups, the evidence for their safe and efficacious use in 
pediatrics is limited, particularly for infants. Midline catheters 
were rated as appropriate for peripheral therapy lasting less 
than 8 days in neonates and less than 15 days in children and 
adolescents. Use in infants was deemed uncertain based on 
lack of published evidence. Midline catheters were also rated 
as appropriate for frequent blood draws of less than 8 days in 
neonates and less than 15 days in adolescents, but uncertain 
for children and infants. 

Difficult Access and Insertion Procedure
The panel rated three or more attempts for peripheral IV 
catheter insertion by a single clinician as inappropriate and 
recommended early escalation to a more experienced in-
serter after 0 to 2 attempts by a single provider. The goal is 
to preserve insertion sites and reduce patient discomfort. If 
a patient loses access when only 1 day of therapy remains, 
the provider should transition to oral or intramuscular ther-
apy when appropriate, particularly if there are no advanced 
insertion staff available or after two or more attempts at 
re-insertion are unsuccessful. There is high-quality evidence 
that supports vessel visualization (primarily ultrasound) with 
peripheral IV catheter and PICC placement.2 In the case of 
two or more unsuccessful attempts at peripheral IV catheter 
placement by an advanced inserter using technology assis-
tance (ultrasound), PICC placement is considered appropri-
ate by the panel to avoid delays in treatment and limit patient 
discomfort associated with repeat attempts.

Long-term Vascular Access
Children with medical complexity or chronic illness may re-
quire long-term (>2 months) or very-long-term (>1 year) 
vascular access. Common themes for VAD selection in this 
heterogeneous population include a focus on vessel pres-
ervation and complication prevention.2 The panel strongly 
recommended that clinicians partner with the patient and 
caregivers in the decision-making process. Shared deci-
sion-making is necessary to meet both the short-term and 
evolving needs of the of the patient and family. The panel 
also believed the frequency of hospitalization should not be 
used as a criterion for VAD selection since acute hospitaliza-
tion is an unreliable proxy for disease severity in pediatric 
chronic disease conditions.2 Rather, the infusate characteris-
tics and length/intermittency of therapy should be primary in-
fluencers of VAD selection. In general, the panel rated cuffed 
tunneled central VADs (CVADs) as appropriate for all age 
groups for long-term PN, long-term continuous infusions, 

TABLE. Key Recommendations for Pediatric Hospital 
Medicine2,11

PICC placement is inappropriate for any peripheral therapy lasting <8 d, regardless of patient age.

PICC placement is appropriate for
•	 Nonperipheral therapy of any length;
•	 Peripheral therapy lasting >14 d in infants, children, adolescents and >7 d in neonates;
•	 Frequent blood draws for >14 d in children/adolescents and >7 d in neonates/infants  

or if PICC is ≥3F regardless of age.
Consider in patients with difficult access no matter the length of anticipated need. 

Midline catheter placement is another option for peripheral therapy or frequent blood draws, 
particularly for neonates and adolescents, but more research is needed.

In the case of difficult access, 
•	 Escalate early to an advanced inserter after no more than two peripheral IV attempts;
•	 Consider PICC placement no matter the length of anticipated need;
•	 Use ultrasound to aid peripheral IV or PICC placement.

For long-term vascular access decisions,
•	 Partner with patient/family in VAD selection;
•	 Do not use hospitalization frequency as a defining criterion;
Take into account infusate characteristics and therapy length/intermittency when selecting a VAD.

Abbreviations: IV, intravenous; PICC, peripherally inserted central catheter;  
VAD, vascular access device.
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and long-term intermittent therapies. For continuous non-PN 
infusions, appropriate ratings were given to PICCs for infants 
and children and total implanted venous devices (TIVDs) in 
children and adolescents. For intermittent (but at least daily) 
access, TIVDs and PICC lines were both rated as appropriate 
for children and adolescents but uncertain for neonates and 
infants. Peripheral devices were deemed inappropriate for all 
long-term complex therapies. For children and adolescents 
needing intermittent, regular peripheral treatments (eg, ste-
roids or antibiotics), peripheral IVs and TIVDs were rated ap-
propriate for short duration (<7 days) therapies. PICCs and 
midlines for this indication were uncertain because of the 
lack of evidence. For medium-duration intermittent therapies 
(8-14 days), PICCs, tunneled cuffed CVADs, and TIVDs were 
rated as appropriate. A recently released mobile application 
can help guide the clinician through many varied clinical sce-
narios and indications.10  

LIMITATIONS AND GAPS
The guideline recommendations were more often reliant on 
clinical practice guidelines and expert panel opinion given 
the lack of high-quality pediatric evidence for most scenar-
ios. The panel members were from the United States and 
Australia, so the recommendations may not be generaliz-
able to care systems in other countries. Although the panel 
included experts from many specialties that care for patient 
populations needing VADs, not all subspecialty populations 
were considered, particularly those with long-term vascular 
access–dependent conditions who may be commonly hospi-
talized. Scenarios with disagreement or uncertainty highlight 
gaps in need of future study (eg, midline catheter use and 
device selection for blood draws).

CONCLUSIONS AND APPLICATION
miniMAGIC is the first appropriateness guideline to help 
standardize the safe use of VADs in children. Although some 
gaps remain, the authors intend it to be a living document 
that will need revisions as new evidence is published. A mo-
bile health application facilitates use of the recommenda-
tions, providing quick, point-of-care decision support based 
on clinical features.10 Pediatric hospitalists should collaborate 
with their institutions to examine their current VAD use in 
hospitalized children and identify opportunities for practice 
change and standardization. Use of these recommendations 
may help hospitalists improve the care of hospitalized chil-
dren by decreasing unnecessary PICC placement and better 
partner with patients and caregivers to limit discomfort sur-
rounding VAD placement.
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