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Use of peripherally inserted central catheters (PICCs) has grown
substantially in recent years. Increasing use has led to the real-
ization that PICCs are associated with important complications,
including thrombosis and infection. Moreover, some PICCs may
not be placed for clinically valid reasons. Defining appropriate
indications for insertion, maintenance, and care of PICCs is thus
important for patient safety.

An international panel was convened that applied the RAND/
UCLA Appropriateness Method to develop criteria for use of
PICCs. After systematic reviews of the literature, scenarios re-
lated to PICC use, care, and maintenance were developed ac-
cording to patient population (for example, general hospitalized,
critically ill, cancer, kidney disease), indication for insertion (infu-
sion of peripherally compatible infusates vs. vesicants), and du-
ration of use (<5 days, 6 to 14 days, 15 to 30 days, or =231 days).
Within each scenario, appropriateness of PICC use was com-
pared with that of other venous access devices.

After review of 665 scenarios, 253 (38%) were rated as appro-
priate, 124 (19%) as neutral/uncertain, and 288 (43%) as inappro-
priate. For peripherally compatible infusions, PICC use was rated
as inappropriate when the proposed duration of use was 5 or
fewer days. Midline catheters and ultrasonography-guided pe-
ripheral intravenous catheters were preferred to PICCs for use
between 6 and 14 days. In critically ill patients, nontunneled cen-
tral venous catheters were preferred over PICCs when 14 or
fewer days of use were likely. In patients with cancer, PICCs were
rated as appropriate for irritant or vesicant infusion, regardless of
duration.

The panel of experts used a validated method to develop ap-
propriate indications for PICC use across patient populations.
These criteria can be used to improve care, inform quality im-
provement efforts, and advance the safety of medical patients.
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Reliable venous access is a cornerstone of safe and
effective care of hospitalized patients. Spurred by
technological advances, several venous access devices
(VADs) for use during and beyond hospitalization are
available to meet this need. In recent years, peripher-
ally inserted central catheters (PICCs) have become
popular for venous access in hospital settings (1, 2).
Compared with traditional central venous catheters
(CVCs), PICCs offer several advantages, including safer
insertion in the arm, cost-effective and convenient
placement via vascular access nursing teams, and self-
care compatibility that facilitates use beyond hospital-
ization (3-5). It is therefore not surprising that use of
PICCs has grown considerably worldwide (6-8).

Despite these advantages, PICCs are central ve-
nous catheters that may lead to important complica-
tions (9). For instance, problems such as luminal
occlusion, malpositioning, and dislodgement occur fre-
quently with these devices (10-12). Similarly, superficial
thrombophlebitis or infection at the site of PICC inser-
tion may occur despite uneventful and optimal place-
ment (13, 14). In addition, PICCs are associated with
morbid complications, including venous thromboem-
bolism and central line-associated bloodstream infec-
tion (15-17). Ensuring appropriate use of PICCs is thus
vital to preventing these costly and potentially fatal ad-
verse events.

A growing number of studies suggest substantial
variation and potentially inappropriate use of PICCs in
hospitalized patients. For example, in a study from a
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large academic medical center, many PICCs were not
actively used or were inserted in patients who also had
peripheral intravenous catheters (18). In a decade-long
study conducted in a tertiary hospital, changes in pat-
terns of PICC use, including shorter dwell times and
ambiguous indications for insertion, were reported
(19). Additional cause for concern comes from a recent
study, which found that 1 in 5 inpatient providers did
not know that their patients had CVCs, with lack of
awareness being greatest for PICCs (20). Surveys of in-
patient providers have also demonstrated knowledge
gaps related to appropriate indications and care prac-
tices for PICCs (21, 22). Collectively, these data have
not only led to reviews of PICC use in hospitals (23) but
also to calls by the Choosing Wisely initiative to im-
prove PICC practices across the United States (24, 25).

The concepts of inappropriate overuse and under-
use of medical devices are by no means unique to
PICCs. Rather, such issues accompany the diffusion of
many novel health technologies. In many such in-
stances, a key barrier to achieving appropriate use is
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the fact that evidence at a level of detail needed to
apply to the range of patients seen in everyday practice
is not available. Nevertheless, clinicians must make
choices regarding such innovations on a daily basis,
potentially fueling inconsistent practice. In the absence
of high-quality evidence, an approach that combines
available data with the experience and insight of clini-
cal experts is valuable as it would provide guidance
where none is otherwise available.

Given this background, we organized and con-
ducted a multidisciplinary meeting of national and in-
ternational experts to develop appropriateness criteria
for use, care, and management of PICCs and related
VADs in hospitalized patients. Our objectives were to 1)
develop a list of appropriate indications for use of
PICCs in relation to other VADs, 2) define the appropri-
ateness of practices associated with the insertion and
care of PICCs, 3) determine appropriate practices for
treatment and prevention of PICC complications, and
4) rate the appropriateness of peripheral intravenous
catheter use in situations that prompt PICC placement.

METHODS
Overview of the RAND/UCLA Appropriateness
Method

We used the RAND Corporation/University of Cali-
fornia Los Angeles (RAND/UCLA) Appropriateness
Method to create criteria for appropriate use of PICCs
and related VADs (10). Introduced in the 1980s, the
RAND/UCLA method was developed to enable mea-
surement of overuse of medical and surgical proce-
dures. According to this methodology, a procedure is
considered appropriate when the “expected health
benefits (e.g., increased life expectancy, relief of pain,
reduction of anxiety or pain) exceed the expected neg-
ative consequences (e.g., mortality, morbidity, anxiety,
pain) by a sufficiently wide margin such that the proce-
dure is worth doing, exclusive of cost.” The approach
has thus been applied to an array of procedures, in-
cluding coronary angiography (26), surgical proce-
dures (27, 28), cataract removal (29), and transplant or-
gan allocation (30). Recently, the method was also used
to develop criteria for appropriate use of urinary cath-
eters in hospitalized patients (31).

The RAND/UCLA method was particularly valuable
for developing PICC appropriateness criteria for sev-
eral reasons. First, the approach allowed the synthesis
of the best available evidence with practice-based,
domain-specific insights from experts. This unique
combination ensured both clinical relevance and evi-
dentiary support for the developed recommendations.
Second, unlike other group-rating methods, the focus
of the RAND/UCLA approach is not to ensure consen-
sus, but minimize artifactual disagreement that may
arise from misunderstanding of scenarios being rated.
This nuance is highly relevant in the case of PICCs, be-
cause available evidence is derived from heteroge-
neous study designs (for example, retrospective, case-
control studies and randomized trials), populations (for
example, critically ill, cancer), and clinical specialties
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(nursing, radiology, medical or surgical disciplines) and
is thus prone to misinterpretation. Because the RAND/
UCLA method pairs clear instructions and precise clin-
ical definitions with a systematic, reliable, and repro-
ducible rating system (27), the recommendations
generated will have high internal validity. Finally,
should clinical scenarios lack sufficient detail to make
an informed judgment regarding appropriateness, the
RAND/UCLA method encourages clarification by pan-
elists so as to make ratings more relevant and precise.
In this fashion, generalizability and external validity of
the developed appropriateness indications are also
ensured.

Proper conduct of the RAND/UCLA Appropriate-
ness Method requires the sequential performance of
several steps, including information synthesis, panelist
selection, creation of scenarios, rating process, and
analysis of results.

Information Synthesis

The first step of the RAND/UCLA Appropriateness
Method is to systematically review and synthesize the
available literature. With the assistance of 2 research
librarians, we searched for English-language articles
(between 12 November 2012 and 1 July 2013) by using
the following databases: MEDLINE via Ovid (1950 to
present), EMBASE (1946 to present), BIOSIS (1926 to
present), and the Cochrane Central Register of Con-
trolled Trials via Ovid (1960 to present). The search
strategy incorporated Boolean logic, controlled vocab-
ularies (for example, Medical Subject Heading terms)
and free-text words. Because the panel was focused on
determining the appropriateness of PICC use in hospi-
talized adults, articles that included only pediatric pa-
tients or devices not comparable with PICCs (for exam-
ple, arterial or hemodialysis catheters) were excluded.

We also included relevant guidelines, such as the
Infusion Nursing Society Standards of Practice (32),
Centers for Disease Control and Prevention/Healthcare
Infection Control Practices Advisory Committee central
line-associated bloodstream infection prevention
guidelines (33), American Society of Anesthesiology
Task Force on Central Venous Access (34), American
College of Chest Physicians Antithrombotic Therapy
and Prevention of Thrombosis Guidelines (35), and In-
ternational Clinical Practice Guidelines for the Treat-
ment and Prophylaxis of Thrombosis Associated With
Central Venous Catheters in Patients With Cancer (36).

All retrieved articles were independently scanned
for eligibility by 2 of the authors. Disagreements on el-
igibility were resolved by consensus, and a final list of
eligible studies and tables summarizing the evidence
were created. The search strategy is provided in
Appendix Table 1 (available at www.annals.org), and
Table 1 (on page S25) summarizes the included articles.

Participant and Panelist Selection

Viewpoints related to PICC use are known to vary
across specialties; thus, what may be appropriate in
one field may not be appropriate in another. To foster
discussions about these issues, specialists representing
vascular access nursing, hospital-based medicine, inter-
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nal medicine, infectious disease, critical care, nephrol-
ogy, hematology/oncology, pharmacy, surgery, and in-
terventional radiology were considered necessary to
ensure representativeness of the panel. Leading na-
tional and international experts from each of these pro-
fessions who are eminent scholars or researchers, rep-
resent relevant medical societies, or have substantial
clinical experience inthe field were invited to participate.

To ensure that deliberations took into account
patient-centered viewpoints, we also invited a patient
to participate on our panel. We recognized that the
ideal patient had to be able to speak about experi-
ences with PICCs and related VADs. We recruited such
a patient from our university practice in Ann Arbor,
Michigan. Owing to the scientific nature of the material,
however, the patient panelist did not rate scenarios and
instead contributed to panelist discussions. Through
this process, 15 multispecialty panelists were recruited
to develop the Michigan Appropriateness Guide for In-
travenous Catheters (MAGIC) (Appendix Table 2, avail-
able at www.annals.org).

Creation of Scenarios

On the basis of articles found through the system-
atic literature searches, we created clinical scenarios to
rate the appropriateness of insertion, maintenance, and
care of PICCs. To accurately reflect clinical decision
making, devices, including peripheral intravenous cath-
eters, ultrasonography-guided peripheral intravenous
catheters, midline catheters, nontunneled CVCs, tun-
neled CVCs, and ports, were compared with PICCs
(Figure 1). Scenarios were crafted so as to allow judg-
ment of real-world use of PICCs; thus, areas of consen-
sus, controversy, and ambiguity were purposefully in-
cluded. To further ensure validity, we asked each
expert to provide a list of concerns related to PICC use
that were most relevant to their practice (Appendix Ta-
ble 3, available at www.annals.org). If not already rep-
resented, these issues were also incorporated into sce-
narios of appropriateness.

We developed a conceptual framework to ensure
that scientific content, clinical indications, relevant
VADs, and contextual factors were adequately repre-
sented when drafting scenarios (Figure 2). Thus, indica-
tions for PICC insertion were systematically categorized
into 1) duration of venous access (<5 days, 6 to 14 days,
15 to 30 days, =31 days); 2) type of infusate (for exam-
ple, irritants or vesicants, including parenteral nutrition
and chemotherapy); and 3) use for specific reasons,
such as frequent obtaining of blood samples, poor or
difficult venous access, and continuation of intravenous
therapies in the outpatient setting. For each of these
instances, clinical scenarios incorporating 1) patient-
specific factors (for example, critical illness, cancer di-
agnosis, stage of chronic kidney disease [CKD]), 2)
device-specific factors (number of lumens, gauge, type
of PICC, alternative VADs), and 3) provider-specific fac-
tors (the operator inserting the PICC, technique for
PICC insertion) were created. In addition, scenarios re-
garding appropriate practices for care, management,
and treatment of PICC complications were written. Fi-
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nally, because lack of peripheral access often prompts
PICC use for specific clinical needs (for example, need
for contrast-based studies or blood transfusion), sce-
narios related to use of peripheral intravenous catheter
in such settings were created.

We pilot-tested all scenarios with 2 hospital-
medicine physicians and further edited them for con-
tent and clarity on the basis of their feedback. In this
manner, 665 scenarios and 391 unique indications for
PICCs and related VADs were developed.

Rating Process

Rating of scenarios and indications were con-
ducted over 2 rounds. In round 1, each panelist re-
ceived the literature review, definitions of all terms
used, a rating document, and instructions for rating.
Panelists were asked to dedicate at least 4 hours to
complete the rating document. In accordance with the
RAND/UCLA method, panelists were instructed not to
consider cost when making judgments; rather, they
were asked to use the available scientific evidence and
best clinical judgment in rating appropriateness (Sup-
plement, available at www.annals.org). To ensure that
appropriateness was rated exclusive of confounding
circumstances (such as specialist availability), panelists
were also instructed to assume availability of all re-
sources related to the scenarios.

For each indication, panel members rated appro-
priateness by considering the benefit-harm ratio on a
scale of 1 to 9, where 1 indicated that harms outweigh
benefit and 9 signified that benefits outweigh harm;
Appendix Table 4 (available at www.annals.org) pro-
vides examples of this process. A middle rating of 5
signified that harms or benefits were equal, or that the
rater could not make an informed judgment on the in-
dication. For a series of indications where 2 devices
were appropriate, we asked panelists to rate prefer-
ence for use of one device compared with the other,
regardless of cost. Median ratings on opposite ends of
the scale (for example, 1 to 3 or 7 to 9) were used to
indicate preference of one device over another; a rat-
ing in the range of 4 to 6 suggested no preference.

Each panelist rated every scenario twice in a
2-round, modified Delphi process. In the first round,
ratings were made individually and no interaction be-
tween panelists occurred. In the second round, panel
members traveled to Ann Arbor, Michigan, for an in-
person meeting where individualized documents show-
ing their ratings along with the distribution of all first-
round ratings of the panel were provided.

Over 2 days, a RAND/UCLA methodology expert
and a scientific content expert moderated a panel dis-
cussion of all indications and scenarios. The sessions
were structured to encourage debate and discussion
specifically about ratings where disagreement (oppo-
site ratings) or neutrality/uncertainty (ratings of 4 to 6)
occurred in round 1. For instance, it often became ap-
parent in the second round that panelists had dis-
agreed not on the indication, but on the patient or cir-
cumstances being considered because of inherent
assumptions, specialty-specific views, or ambiguity in
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Figure 1. Vascular access devices reviewed to formulate appropriateness ratings.

A. Peripheral IV Catheter D. Nontunneled Central Venous Catheter

W/ \

E. Tunneled Central Venous Catheter

B. US-Guided Peripheral IV Catheter
W
/

C. Midline Catheter

G. Peripherally Inserted
Central Catheter

F. Implanted Port

IV = intravenous; US = ultrasonography. A. Peripheral IV catheter. These devices are typically 3 to 6 cm, enter and terminate in the peripheral veins
(cross-section), and are often placed in the upper extremity in veins of the hand. B. US-guided peripheral IV catheter. Ultrasonography may be used
to facilitate placement of peripheral intravenous catheters in arm veins that are difficult to palpate or visualize. “Long” peripheral IV catheters
(typically =8 cm) that are specifically designed to reach deeper veins are also available for insertion under US guidance. C. Midline catheter. These
devices are 7.5 to 25 c¢cm in length and are typically inserted in veins above the antecubital fossa. The catheter tip resides in the basilic or cephalic
vein, terminating just short of the subclavian vein. These devices cannot accommodate irritant or vesicant infusions. D. Nontunneled central venous
catheter. Also referred to as “acute” or “short-term” central venous catheters, these are often inserted for durations of 7 to 14 d. They are typically
15 to 25 cm and are placed via direct puncture and cannulation of the internal jugular, subclavian, or femoral veins. E. Tunneled central venous
catheter. These differ from nontunneled catheters in that the insertion site on the skin and site of ultimate venipuncture are physically separated,
often by several centimeters, reducing the risk for bacterial entry into the bloodstream and facilitating optimal location of the catheter for care of the
exit site. Tunneled devices may be cuffed or noncuffed; the former devices have a polyethylene or silicone flange that anchors the catheter within
the subcutaneous tissue and limits entry of bacteria along the extraluminal surface of the device. F. Implanted port. Ports are implanted in the
subcutaneous tissue of the chest and feature a reservoir for injection or aspiration (inset) and a catheter that communicates from the reservoir to a
deep vein of the chest, thus providing central venous access. Ports are cosmetically more desirable than other types of central venous catheter and
can remain in place for months or years. G. Peripherally inserted central catheter. These long vascular access devices (>45 cm) are inserted into
peripheral veins of the upper arm in adults and advanced so that the tip of the catheter resides in the lower portion of the superior vena cava or
upper portion of the right atrium. They are similar to central venous catheters in that they provide access to the central circulation, but they do so
without the insertion risks associated with direct puncture of deep veins in the neck, chest, or groin.

the scenario itself. When this occurred, the scenario placement of PICCs in patients with stage 3b or greater

was rewritten with input from the entire panel such that
clarifying language or necessary specification was
included.

For example, ratings for PICC insertion in patients
with CKD were found to be widely disparate in round 1.
During round 2, our panel nephrologist clarified that
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CKD was specifically contraindicated. Therefore, for in-
dications that included CKD, 2 sets of scenarios were
created (stage 3a or lower vs. stage 3b or higher), using
Xs and Os on the rating form to distinguish these rat-
ings. Panelists then rerated each of the scenarios, im-
proving validity and agreement of their responses.
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Data Processing and Analysis

First-round ratings were submitted either electron-
ically via an online survey system or through paper
forms. Data obtained from paper ratings were manually
entered into a study database (Qualtrics Research Suite
Package, Qualtrics USA) and checked in duplicate for
transcription errors. Descriptive statistics (mean, me-
dian, mode) were calculated for all variables. A sum-
mary result document was created that listed the fre-
quency of responses, median responses, and each
individual panelist's response for every scenario. In ac-
cordance with the RAND/UCLA method, all indications
were classified into 3 levels of appropriateness:

1. Appropriate: panel median score of 7 to 9, with-
out disagreement;

2. Uncertain/neutral: panel median score of 4 to 6,
or with disagreement regardless of median; and

3. Inappropriate: panel median score of 1 to 3,
without disagreement.

SUPPLEMENT

Disagreement was said to have occurred when at
least 5 of the 15 panel members rated an indication as
appropriate (median score, 7 to 9) and at least 5
panelists rated the same indication as inappropriate
(median score, 1 to 3). Only indications without
disagreement were classified as inappropriate or
appropriate.

Definitions

To ensure consistency, standardized definitions of
devices (for example, PICC, midline), populations (ac-
tive cancer, “special” populations), indications (for ex-
ample, frequent obtaining of blood samples, hemody-
namic monitoring), and infusates (irritant, vesicant)
were provided to panelists. A complete glossary of
terms and definitions used is provided in the ratings
document in the Supplement (available at www.annals
.org).

Figure 2. Conceptual framework used for the development of scenarios and indications of appropriateness.
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Systematic Review of the Literature

To develop a conceptual framework, systematic reviews of the literature were conducted to determine the evidence base. With input from panelists,
areas of controversy and ambiguity were identified and contextualized within clinical paradigms and lists of common problems associated with
peripherally inserted central catheters. By methodologically pairing selection of venous access device with indication, duration, and nature of
venous access and specific patient, device, and provider variables (center boxes), scenarios for panelists were created. These scenarios formed the

basis for the appropriateness indications.
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Role of the Funding Source

This project was supported by a Young Researcher
Award from the Society of Hospital Medicine to Dr.
Chopra. Funds were used to support panelist lodging,
meals, transportation, and venue. Blue Cross Blue
Shield of Michigan provided salary support for 3 of the
authors through a grant to the University of Michigan.
Neither funder had a role in the design, conduct, or
analysis of the project or the decision to submit the
manuscript for publication.

RESULTS

Within the 665 scenarios reviewed, panel members
rated 391 unique indications for PICCs and related
VADs. During the first round, the panel rated 237 sce-
narios as appropriate (36%), 267 as inappropriate
(40%), and 161 as neutral/uncertain (24%). After the
second round of in-person interactions, 253 scenarios
were rated as appropriate (38%), 288 as inappropriate
(43%), and 124 as neutral/uncertain (19%). Thus, during
the second round of discussions, better distinction of
neutral/uncertain indications as being appropriate or
inappropriate indications occurred. A substantial pro-
portion of this convergence in ratings reflected resolu-
tion of disagreement (30 of 37 scenarios) from round 1
to round 2.

1. Appropriateness of PICC Insertion in Specific
Populations

A. Appropriateness of PICC Insertion in Hospitalized
Medical Patients

In hospitalized medical patients, panelists rated in-
sertion of PICCs for infusion of peripherally compatible
infusates as inappropriate if the expected duration of
use was 5 or fewer days. In such scenarios, use of pe-
ripheral intravenous catheters or ultrasonography-
guided peripheral intravenous catheters was rated as
appropriate.

If the proposed duration of infusion was 6 to 14
days, panelists rated PICC use as appropriate but
indicated a preference for midline catheters and
ultrasonography-guided peripheral intravenous cathe-
ters over PICCs for this period. This rating reflected ev-
idence from observational studies that suggested both
efficacy and lower risk for complications associated
with these devices compared with PICCs for this inter-
val (37-41).

When the proposed duration of infusion was 15 or
more days, PICCs were preferred to midline catheters,
given the possibility of failure of the latter beyond this
period (42, 43). However, panelists recognized that
midline catheters may be used for up to 4 weeks and
are approved for such duration of use (32).

Use of tunneled catheters and implanted ports
were rated appropriate only if the proposed duration of
infusion was 31 or more days. Panelists noted that
these more invasive devices should be reserved for in-
stances when use of PICCs is not feasible (for example,
no suitable vein or site of insertion for PICC is identi-
fied), is relatively contraindicated (for example, recent
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history of thrombosis), or when episodic infusions over
several months are necessary (Figure 3).

For infusion of irritants or vesicants, such as paren-
teral nutrition or chemotherapy, PICC use was rated as
appropriate at any proposed duration of use. Because
peripheral intravenous catheters, ultrasonography-
guided peripheral intravenous catheters, and midline
catheters would not provide central venous access,
these VADs were rated as inappropriate for this indica-
tion for all durations of use.

If skilled operators are available, panelists rated
use of nontunneled CVCs as appropriate when the ex-
pected duration of use was 14 or fewer days. Panelists
also rated use of tunneled, cuffed catheters and im-
planted ports as appropriate for infusion of irritants or
vesicants, but only when the proposed duration of ther-
apy was 15 or more days or 31 or more days, respec-
tively (Figure 4).

Panelists disagreed on the appropriateness of
PICC placement when the indication was frequent ob-
taining of blood samples (=3 phlebotomies per day) or
difficult or poor peripheral venous access for proposed
durations of 5 or fewer days. Our patient panel mem-
ber actively participated in this discussion, suggesting
that such decisions should be individualized between
the patient and provider after discussing risks and ben-
efits related to PICC use and alternative options. Inser-
tion of PICCs was rated as appropriate when the pro-
posed duration of use for frequent phlebotomy or
difficult venous access was 6 or more days. In patients
with difficult venous access, ultrasonography-guided
peripheral intravenous catheters and midline catheters
were preferred over PICCs when the expected duration
of use was 14 or fewer days. Panelists rated use of
CVCs for both difficult venous access and frequent
phlebotomy as appropriate, provided the proposed
duration of use was 14 or fewer days. Placement of
tunneled catheters for patients with difficult venous ac-
cess was rated as appropriate only if the proposed du-
ration of use was 31 or more days. Ports were rated as
inappropriate for frequent obtaining of blood samples
at all durations and appropriate for difficult venous ac-
cess if use for 31 or more days was expected (Figures 5
and 6).

B. Appropriateness of PICCs in Patients With CKD,
Cancer, or Critical Illness

Panelists rated the appropriateness of PICC place-
ment in patients with CKD according to disease stage
as defined by the Kidney Disease: Improving Global
Outcomes CKD Work Group (44). Among patients with
stage 1 to 3a CKD (estimated glomerular filtration rate
>45 mL/min), rating of indications for PICC use fol-
lowed those of general medical patients. However, the
panel noted that managing such patients on the basis
of CKD stage alone might be imperfect because myriad
factors, including age, magnitude of albuminuria, race,
and blood pressure, influence progression of renal dis-
ease (45-49). The panel therefore recommended con-
sultation with a nephrologist before PICC insertion if
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Figure 3. Venous access device recommendations for infusion of peripherally compatible infusate.

Proposed Duration of Infusion

Device Type

peripheral IV catheter catheter if proposed duration is 6-14 d

<5d 6-14d 15-30d 231d
. No preference between
::tr;]zrt'::al v peripheral IV and US-guided
peripheral IV catheters
for use <5 d
US-guided US-guided peripheral IV catheter preferred to peripheral IV

Nontunneled/acute
central venous
catheter

Central venous catheter preferred in critically ill patients
or if hemodynamic monitoring is needed for 6-14 d

Midline catheter

Midline catheter preferred to PICC if proposed duration is <14 d

PICC

Tunneled catheter

Port

PICC preferred to midline catheter if proposed duration of infusion is 215 d

| Appropriate | | Neutral

PICC preferred to tunneled
catheter and ports for
infusion 15-30 d

IV = intravenous; PICC = peripherally inserted central catheter; US = ultrasonography.

ambiguity regarding the severity of underlying kidney
disease exists. However, for patients with stage 3b CKD
or greater (estimated glomerular filtration rate <45 mL/
min), panelists acknowledged the imperative to pre-
serve peripheral and central veins for possible hemodi-
alysis or creation of arteriovenous fistulae and grafts
(49). Thus, regardless of indication, insertion of devices
(PICCs, midline catheters) into arm veins was rated as
inappropriate in such patients. When venous access for
5 or fewer days was necessary, panelists recommend
placement of peripheral Vs in the dorsum of the hand
(avoiding the forearm veins) for infusion of peripherally
compatible infusates. If venous access for longer dura-
tions or infusion of a non-peripherally compatible drug
is needed, use of tunneled small-bore central catheters
(for example, 4-French single-lumen or 5-French
double-lumen catheters inserted in the jugular vein and
tunneled toward the chest) was rated as appropriate
(50). For patients receiving any form of renal replace-
ment therapy, panelists also recommended consulta-
tion with a nephrologist to discuss the possibility of
drug administration during or toward the end of the
dialysis procedure.

These recommendations notwithstanding, panel-
ists acknowledged that recommendations for patients
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with stage 3b CKD or greater would need to be indi-
vidualized, taking into account such factors as the ur-
gency of the situation; rationale for venous preserva-
tion; likelihood of eventual renal replacement therapy;
and availability of resources, such as tunneled small-
bore central catheters.

Given the risks for and consequences of infectious
(51, 52) and thrombotic (53-55) complications, as well
as the unique indication of chemotherapy, ratings for
PICC placement in patients with cancer differed from
those for general medical patients. Recognizing the
heterogeneity of thrombosis risk in patients with can-
cer, the panel discussion focused largely on patients
with solid tumors. Panelists debated on whether ratings
for chemotherapy should be structured by cycles of
treatment versus time; given the desire for generaliz-
ability, the panel agreed on time as a more practical
scale. Therefore, for infusion of nonirritant or nonvesi-
cant chemotherapy, PICCs were rated as appropriate
only if the proposed duration of such treatment was 3
or fewer months.

When peripherally administrable chemotherapy for
less than 3 months was necessary, panelists disagreed
on PICC appropriateness, given the availability of high-
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Figure 4. Venous access device recommendations for infusion of non-peripherally compatible infusates.

| Appropriate | | Neutral

Proposed Duration of Infusion
Device Type
<5d 6-14 d 15-30d =231d
Peripheral IV
catheter
US-guided
peripheral IV catheter
:;\le(:;::r C:LZi/saCUte Central venous catheter preferred in critically ill patients
catheter or if hemodynamic monitoring is needed for 6-14 d
Midline catheter
PICC PICCs rated as appropriate at all proposed durations of infusion
Tunneled catheter neutral for No preference between tunneled catheter and PICC for
Tunneled catheter for use 215 d proposed durations 215 d
No preference among
Port port, tunneled catheter, or
PICC for 231 d

IV = intravenous; PICC = peripherally inserted central catheter; US = ultrasonography.

quality evidence regarding risk for thrombosis with
these devices in patients with cancer (16). However,
members of the panel cited conflicting evidence re-
garding nonthrombotic complications associated with
PICC use (15, 56-58). Of note, a study published since
the panel meeting (coauthored by one of our panelists)
reported a low rate of PICC complications when proper
care was ensured (59). Nevertheless, given the diver-
gent data, panelists rated interval placement of periph-
eral intravenous catheters with each chemotherapy
treatment as the most appropriate strategy.

Like PICCs, tunneled, cuffed catheters were rated
as appropriate when at least 3 months of treatment
were proposed or when PICCs were not feasible (for
example, peripheral veins were not available). Ports
were rated as appropriate if the duration of treatment
was projected to be 6 or more months, but neutral for
durations of 3 to 6 months. Panelists noted that earlier
use of ports may be appropriate but may be challeng-
ing owing to coagulation abnormalities or availability of
interventional radiology.

For infusion of irritant or vesicant chemotherapy,
panelists rated PICC or tunneled, cuffed catheter use as
appropriate at all time intervals; ports were rated as
neutral at 3 to 6 months and appropriate at 6 or more
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months. Panelists recommended tunneled, cuffed cath-
eters over multilumen PICCs in settings where multiple
or frequent infusions are required, citing lower risk for
complications (60). However, panelists preferred PICCs
to tunneled, cuffed catheters when managing patients
with coagulopathy and those with severe or prolonged
thrombocytopenia (61). When the indication for PICC
placement was frequent phlebotomy or difficult periph-
eral venous access in a hospitalized patient with cancer,
panelists raised the threshold for PICC use compared
with general medical patients. Thus, PICCs were con-
sidered appropriate only if the proposed duration of
use was 15 or more days; midline catheters were rated
as appropriate for 14 or fewer days of use.
Appropriateness of indications for PICC insertion in
critically ill patients also differed from those for general
medical patients, given the likely availability of intensiv-
ists who could insert CVCs and concerns about hemo-
dynamic stability, infection, and thrombosis. Panelists
consequently rated PICC use as inappropriate for infu-
sion of peripherally compatible infusates unless the
proposed duration of treatment was 15 or more days.
For the same indication, peripheral intravenous cathe-
ters and midline catheters were rated as appropriate
for proposed durations of 5 or fewer days and 6 to 14
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days, respectively. Although limited data supporting
the recommendation for midline catheter use in critical
care patients were available at the time of the meeting,
a recent study reported favorable outcomes and cost
savings with this device (62). Central venous catheters
were rated as appropriate when the proposed duration
of treatment was 6 to 14 days in hemodynamically sta-
ble patients; use of CVCs for proposed durations be-
yond 15 days was rated as uncertain, with panelists ex-
pressing concerns about infection and thrombosis.

In hemodynamically unstable patients or scenarios
where invasive hemodynamic monitoring or central ac-
cess was necessary, insertion of CVCs and PICCs was
rated as appropriate for durations of 14 or fewer days
and 15 or more days, respectively. Panelists preferred
CVCs to PICCs in patients who were hemodynamically
unstable or were actively receiving vasopressors. In this
setting, urgent requests for PICC placement were rated
as inappropriate. Given the risk for insertion complica-
tions, panelists preferred use of PICCs to CVCs in criti-
cally ill patients with coagulopathies (such as dissemi-
nated intravascular coagulation or sepsis), especially if
use for more than 15 days was proposed.

SUPPLEMENT

C. Appropriateness of PICC Insertion in Special
Populations

Panelists rated the appropriateness of PICCs in
populations that need lifelong intravenous access (for
example, sickle cell anemia, short-gut syndrome, or
cystic fibrosis) and populations residing in skilled nurs-
ing facilities.

For populations that may require lifelong access,
ratings were structured on the basis of how often pa-
tients may be hospitalized within 1 year. For patients
who are infrequently hospitalized (<5 hospitalizations
per year), PICC insertion was rated as inappropriate
when the expected duration of use was 5 or fewer days.
Insertion of a PICC was rated as uncertain when the
expected duration of use was between 6 and 14 days.
The panel preferred midline catheters to PICCs for this
duration, assuming that peripherally compatible infus-
ates were proposed (63). However, PICCs were rated as
appropriate when the duration of use was expected to
last 15 or more days.

More permanent devices, such as tunneled, cuffed
catheters or ports, were not considered appropriate for
patients with infrequent hospitalizations, but our pa-
tient panelist (reflecting on her experiences) com-

Figure 5. Venous access device recommendations for patients with difficult venous access.

Proposed Duration of Infusion

peripheral IV catheter catheters if proposed duration is 6-14 d

Device Type
»P <5d
No preference between
Peripheral IV peripheral IV and US-guided
catheter peripheral IV catheters
for use <5 d
US-guided US-guided peripheral IV catheters preferred to peripheral IV

Midline catheter
is<14d

Midline catheters preferred to PICC if proposed duration

Nontunneled/acute
central venous
catheter

<14 d in critically ill patients

Central venous catheter preferred to PICC for use

Disagreement on
PICC appropriateness of PICC
for durations <5 d

Tunneled catheter

Port

PICC use appropriate if proposed duration is =6 d; PICCs preferred to tunneled catheters for

Appropriate | | Neutral

durations of 15-30 d

Tunneled catheter neutral for
difficult IV access for
use 215 d

No preference between
tunneled catheter or port for
use 231d

IV = intravenous; PICC = peripherally inserted central catheter; US = ultrasonography.
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Figure 6. Venous access device recommendations for patients who require frequent phlebotomy.

Proposed Duration of Infusion

Device Type <5 d
Peripheral IV No preference between
catheter peripheral IV and US-guided
peripheral IV catheter
for use <5 d
US-guided peripheral IV
US-guided catheter preferred if venous

peripheral IV catheter access difficult

Midline catheter
is<14d

Midline catheter preferred to PICCs if proposed duration

Midline catheter neutral for
frequent phlebotomy at
this duration

Nontunneled/acute
central venous
catheter

<14 d in critically ill patients

Central venous catheter preferred to PICC for use

PICC

Tunneled catheter

Port

PICC use appropriate if proposed duration =6 d; PICC preferred to tunneled catheter for

| Appropriate | | Neutral

durations of 15-30 d

Tunneled catheter neutral for
difficult intravenous access for
use 215 d

IV = intravenous; PICC = peripherally inserted central catheter; US = ultrasonography.

mented that an individualized approach would be nec-
essary in such situations. In contrast, when patients in
this category are frequently hospitalized (=6 hospital-
izations per year), panelists rated use of tunneled,
cuffed catheters as appropriate when the expected du-
ration of venous access was 15 or more days. Ports
were rated as appropriate when the proposed duration
of use in frequently hospitalized patients was expected
to be 31 or more days. Panelists preferred placement
of tunneled, cuffed catheters to PICCs when use for 15
or more days was expected, citing the need to preserve
veins to meet future, likely recurrent needs.

For patients residing in skilled nursing facilities,
PICCs were rated as appropriate for infusion of nonirri-
tant, nonvesicant treatments or frequent phlebotomy if
the proposed duration of use was expected to be more
than 15 days. Appropriateness of PICC was rated as
uncertain for durations of 6 to 14 days, where panelists
rated midline catheters as appropriate. For venous ac-
cess of 5 or fewer days, peripheral intravenous cathe-
ters were rated as being the most appropriate VAD.
Given the variable resources in such facilities and chal-
lenges in obtaining venous access, the appropriateness
of midline catheters was rated neutral for this period.
For infusion of irritants or vesicants in this setting, pan-
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elists rated PICCs as appropriate regardless of duration
of use.
A summary of these ratings is provided in Table 2.

2. Appropriateness of PICC Practices
A. Appropriateness of PICC Insertion Practices

Before PICC insertion for specialty-specific indica-
tions, panelists rated consultations with specialists as
appropriate (for example, infectious diseases before
placement of a PICC for intravenous antibiotic therapy,
or hematology-oncology before PICC insertion for che-
motherapy). For patients who require prolonged anti-
biotic infusions (for example, infections, such as osteo-
myelitis), panelists rated PICC placement within 2 to 3
days of hospital admission as appropriate in the ab-
sence of bacteremia. In the presence of bacteremia,
PICC placement was rated as uncertain owing to ambi-
guities regarding pathogen, intensity of bacteremia,
and clearance of infection, among other factors. Con-
sultation with infectious diseases specialists was sug-
gested in this setting.

Preferential placement of PICCs by interventional
radiology professionals was rated as appropriate when
1) a suitable target vein for insertion cannot be identi-
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fied on bedside ultrasonography, 2) the guidewire or
catheter fails to advance during bedside placement, or
3) the patient requests sedation that cannot be safely
delivered at the bedside. In addition, placement by an
interventional radiologist was rated as appropriate for
patients with bilateral mastectomy, altered chest anat-
omy, or superior vena cava filters. For patients with
permanent pacemakers or defibrillators, preferential
placement by an interventional radiologist rather than a
vascular nursing professional was rated as appropriate
if the contralateral arm was not amenable to insertion.
These ratings were largely driven by expert opinion.

Panelists rated the appropriateness of specific
PICC insertion practices on the basis of availability of
the contralateral arm for placement. In accordance with
Infusion Nursing Society Standards of Practice (32),
avoiding insertion over a bruised or corded venous
segment, near or over an open wound or burn, and
into veins below the elbow was rated as appropriate.
Owing to heightened risk for thrombosis, panelists
rated avoiding PICC placement in a hemiparetic or im-
mobile arm as appropriate when the opposite limb was
available (64). Avoiding PICC insertion in the dominant
arm as a strategy to prevent complications was rated as
inappropriate, given the lack of convincing data to sup-
port this practice. However, our vascular nursing and
patient panelists recommended that technical aspects
and patient preferences be considered when selecting
arm of insertion.

Prior to PICC use, radiographic verification of PICC
tip position was rated as appropriate after blind bed-
side PICC placement or admission to a hospital with an
existing PICC. Conversely, panelists rated routine ra-
diographic verification of PICC tip position as inappro-
priate when PICCs were placed with electrocardio-
graphic guidance, provided that proficiency with this
technology had been demonstrated and adequate
tracings (such as P-wave deflections) were observed.

To limit the risk for thrombosis, the U.S. Food and
Drug Administration and specialty societies recom-
mend that CVCs terminate in the lower one third of the
superior vena cava or cavoatrial junction; “higher” (such
as the upper one third of the superior vena cava) or
“lower” positions (such as the right atrium) were not
recommended (32, 65, 66). Acknowledging these con-
cerns, panelists rated adjustment of the PICC when the
tip was in the upper or middle one third of the superior
vena cava or right ventricle as appropriate.

However, panelists deviated from existing recom-
mendations in rating the right atrium as an appropriate
position for the PICC tip and one that does not warrant
adjustment. This rating was made after extensive dis-
cussions of clinical practice and review of contempo-
rary evidence, which did not suggest that termination
of PICCs or CVCs in the right atrium was associated
with adverse outcomes in adults (66-71). Panelists rec-
ognized that supporting data were observational, and a
well-conducted randomized, controlled trial would be
helpful in supporting this recommendation.
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Table 2. Guide for PICC Use

Appropriate indications for PICC use

Delivery of peripherally compatible infusates when the proposed
duration of such use is =6 d*

Delivery of non-peripherally compatible infusates (e.g., irritants or
vesicants), regardless of proposed duration of use

Delivery of cyclical or episodic chemotherapy that can be administered
through a peripheral vein in patients with active cancer, provided that
the proposed duration of such treatment is 23 mot

Invasive hemodynamic monitoring or requirement to obtain central
venous access in a critically ill patient, provided the proposed duration
of such use is 215 d¥

Frequent phlebotomy (every 8 h) in a hospitalized patient, provided that
the proposed duration of such use is =6 d

Intermittent infusions or infrequent phlebotomy in patients with poor/
difficult peripheral venous access, provided that the proposed
duration of such use is =6 d§

For infusions or palliative treatment during end-of-life carel|

Delivery of peripherally compatible infusates for patients residing in
skilled nursing facilities or transitioning from hospital to home,
provided that the proposed duration of such use is 215 df|

Inappropriate indications for PICC use

Placement for any indication other than infusion of non-peripherally
compatible infusates (e.g., irritants or vesicants) when the proposed
duration of use is <5 d

Placement in a patient with active cancer for cyclical chemotherapy that
can be administered through a peripheral vein, when the proposed
duration of such treatment is <3 mo and peripheral veins are available

Placement in a patient with stage 3b or greater chronic kidney disease
(estimated glomerular filtration rate <44 mL/min) or in patients
currently receiving renal replacement therapy via any modality

Insertion for nonfrequent phlebotomy if the proposed duration of such
useis<5d

Patient or family request in a patient who is not actively dying or in
hospice, for comfort in obtaining daily blood samples for laboratory
analysis

Medical or nursing provider request in the absence of other appropriate
criteria for PICC use

PICC = peripherally inserted central catheter.
* Use of ultrasonography-guided peripheral intravenous catheters or
midlines is preferred over use of PICCs for infusion of peripherally
compatible infusates up to 14 d. In patients with poor peripheral ve-
nous access, use of ultrasonography-guided peripheral intravenous
catheters and midlines is also preferred over use of PICCs.
T In patients with cancer, the risk for thrombosis associated with PICCs
may outweigh benefits. Patients who are scheduled to receive multi-
ple cycles of peripherally compatible chemotherapy for durations <3
mo should do so via peripheral intravenous catheters with each
infusion.
T Use of nontunneled central venous catheters is preferred over use of
PICCs for central venous access or invasive hemodynamic monitoring
<14 d and in patients with documented hemodynamic instability
where urgent venous access is necessary.
§ Use of ultrasonography-guided peripheral intravenous catheters or
midlines is preferred over use of PICCs for patients with poor/difficult
eripheral venous access.
| Placement of a PICC in a terminally ill patient is appropriate if it
facilitates comfort goals of care. PICCs may be left in place in such
patients to attain similar goals.
9l Use of PICCs for home-based infusions or in skilled nursing facilities
(where resources are limited) is inappropriate for short-term durations
(<14 d). In such settings, use of peripheral intravenous catheters or
midlines was rated as appropriate.

The possibility of atrial tachyarrhythmia during or
after PICC insertion in this position was also debated
(72). As with any CVC, placement of the PICC tip in the
right atrium in the setting of an atrial arrhythmia was
not recommended. However, in the absence of
contraindications, repositioning the PICC tip simply be-
cause it resides in the right atrium was rated as
inappropriate.
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B. Appropriateness of PICC Selection, Care, and
Maintenance Practices

Without a documented rationale for a multilumen
PICC (for example, multiple incompatible fluids), panel-
ists rated default use of single-lumen devices as an ap-
propriate and potentially important way to reduce PICC
complications (73-75). Insertion of multilumen PICCs to
separate obtaining blood samples from giving infu-
sions or to ensure a "backup” lumen was available was
also rated as inappropriate. To clarify device needs,
collaboration with pharmacists or vascular access oper-
ators before ordering a PICC was rated as appropriate.

Regarding dressings, panelists rated placement of
sterile gauze between the PICC entry site and adhesive
dressing for the first 1 to 2 days of insertion as appro-
priate; thereafter use of clear, transparent dressings
that permit site examination and weekly or more fre-
quent changes of wet, loose, or soiled dressings was
rated appropriate. Use of cyanoacrylate products (“su-
per glue”) to prevent oozing or discharge from the exit
site or to secure catheters was rated as neutral by pan-
elists, who noted lack of substantial evidence or expe-
rience to support this recommendation (76). In accor-
dance with available guidelines (33), routine use of
chlorhexidine dressings without documented adher-
ence to basic infection-prevention efforts or in the ab-
sence of high rates of central line-associated blood-
stream infection was rated as inappropriate.

Panelists rated use of normal saline rather than
heparin to maintain catheter patency and prevent lu-
men occlusion as appropriate, as reflected in recent
recommendations (77, 78). Regardless of how far out
the PICC was dislodged, panelists rated advancement
of migrated PICCs as inappropriate; in this setting,
guidewire exchange of the PICC was rated as appropri-
ate, provided that there are no signs of local or sys-
temic infection. Guidewire exchange was also rated as
appropriate when changes to existing PICC character-
istics (such as number of lumen or power-injection
compatibility) were desired. Should a PICC no longer
be functional, exchange over a guidewire was rated as
appropriate, provided that an indication warranting
continued PICC use was present. Ratings regarding
guidewire exchanges were driven largely by expert
recommendation.

C. Appropriateness of Management of PICC
Complications

In patients with a centrally positioned, otherwise
functional PICC that is complicated by image-
confirmed PICC-related deep venous thrombosis
(DVT), panelists rated PICC removal as appropriate only
when 1) the PICC is clinically no longer necessary; 2)
the PICC is only being used for phlebotomy, but pe-
ripheral veins are available; 3) symptoms of venous oc-
clusion (arm pain, swelling) persist despite therapeutic
anticoagulation for 72 or more hours; and 4) bactere-
mia with objective evidence of line-related infection ex-
ists. Panelists rated removal of a functional PICC in the
presence of DVT as inappropriate when 1) irritants or
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vesicant infusions remain necessary; 2) the patient has
poor peripheral venous access and requires frequent
phlebotomy (and may thus require another PICC); and
3) the patient has minimal improvement in symptoms of
venous occlusion, but therapeutic anticoagulation has
been provided for 72 or fewer hours. Panelists were
neutral regarding PICC removal when 1) a patient
could not receive systemic anticoagulation, but the
PICC remained clinically necessary and 2) a line-related
infection was suspected, but not confirmed. In general,
these ratings mirrored existing evidence-based recom-
mendations (35, 53, 79).

When treating PICC-related DVT, panelists rated
provision of at least 3 months of anticoagulation at a
treatment dose as appropriate. Shorter durations of an-
ticoagulation or removal of the PICC as definitive ther-
apy (in the absence of contraindications to anticoagu-
lation) was rated as inappropriate. When treating with
warfarin, panelists recommended targeting anticoagu-
lation to an international normalized ratio of 2 to 3;
lower or higher international normalized ratio targets
were rated as inappropriate. Use of low-molecular-
weight heparin over warfarin was preferred in patients
with cancer. Owing to insufficient evidence, preferen-
tial use of target-specific oral anticoagulants over tradi-
tional agents among patients with cancer was rated as
inappropriate. Panelists rated urgent referral to inter-
ventional radiology for catheter-directed treatment of
PICC-related DVT as appropriate when symptoms of
venous occlusion were associated with phlegmasia
cerulea dolens (swollen, enlarged, painful, and purplish
discoloration of the affected limb).

Panelists rated the appropriateness of placement
of a new PICC in patients who experienced PICC-
related DVT within the past 30 days. In this scenario,
panelists strongly urged against placement of a PICC,
given the high risk for recurrent thrombosis. Placement
of a PICC was specifically rated as inappropriate if the
indication for insertion was 1) frequent phlebotomy
when peripheral access was available, or 2) patient re-
quest for comfort in non-end-of-life settings. Insertion
of a PICC was also considered inappropriate if the pa-
tient were to require surgery lasting 1 hour or longer,
owing to heightened risk for DVT in this situation (67).

In the setting of PICC-related DVT, appropriateness
of PICC insertion for parenteral antibiotics for 10 or
more days was rated as uncertain; panelists recom-
mended a midline catheter in this scenario. If a PICC
was absolutely necessary in a patient with recent PICC-
related DVT, panelists rated use of the smallest catheter
gauge and least number of lumens as appropriate (74,
75, 80). Placement in a vein in the contralateral arm
following at least 3 months of anticoagulation for the
PICC-related DVT was also rated as appropriate in this
setting.

Panelists rated the appropriateness of practices re-
lated to management of PICC-related bloodstream in-
fections. Regardless of clinical context and in accor-
dance with recommendations (33, 81), panelists rated
use of PICCs as a strategy to reduce bloodstream infec-
tion as inappropriate. In the setting of bacteremia or
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fever, PICC removal in the absence of confirmatory ev-
idence of line-related infection was rated as uncertain.
Panelists stated that these approaches would be dic-
tated by such factors as pathogen, intensity of bacter-
emia, and clinical stability, among others, and consulta-
tion with infectious disease would be appropriate.

In patients with confirmed PICC-related blood-
stream infection, continued treatment using the af-
fected PICC, guidewire exchange, or placement of a
new device in the contralateral arm without docu-
mented clearance of infection was rated as inappropri-
ate. After a line-free interval (typically 48 to 72 hours)
and negative blood cultures, panelists rated placement
of a PICC or other acute CVC as appropriate only if an
indication warranting central catheter use was present.
Panelists preferred use of peripheral IVs in such pa-
tients wherever possible.

D. Appropriateness of PICC Removal

In contradistinction to indwelling urinary catheters
(82), panelists rated PICC removal without physician
notification as inappropriate. After physician notifica-
tion, panelists rated PICC removal as appropriate when
1) the PICC has not been used for any clinical purpose
for 48 hours or longer; 2) the patient no longer has a
clinical indication for a PICC, or the original indication
for use has been met (for example, an antibiotic course
has been completed); or 3) the PICC is only used for
routine obtaining of blood samples in a hemodynami-
cally stable patient and peripheral veins are available.
Panelists rated routine removal of a PICC in a hemody-
namically stable patient with poor venous access or he-
modynamically unstable patients as uncertain. Removal
of a PICC by clinicians who have received training to
remove CVCs, but not PICCs, was rated as inappropri-
ate (32).

A summary of these ratings is provided in Table 3.

3. Appropriateness of Peripheral Intravenous
Catheter Use in Specific Scenarios

Because PICC use is often driven by difficult pe-
ripheral venous access, we asked panelists to rate ap-
propriateness of peripheral intravenous catheter use in
various clinical scenarios that often prompt PICC use. In
the absence of other indications for central venous ac-
cess, panelists rated use of ultrasonography-guided
peripheral intravenous catheters as appropriate before
insertion of a PICC in general medical, critically ill, and
cancer populations with difficult venous access (39, 68).
However, use of ultrasonography-guided peripheral in-
travenous catheters in patients with stage 3b or greater
CKD was rated as inappropriate. If a suitable arm vein
could not be found, panelists rated placement of a pe-
ripheral intravenous catheter catheter in the external
jugular vein of the neck as appropriate only if the pro-
posed duration of use was 96 hours or less or in an
emergency situation. Panelists rated placement of a pe-
ripheral intravenous catheter in the lower extremity as
appropriate only in emergencies.

Citing the results of a Cochrane systematic review
(83) and a randomized trial (84), panelists rated re-
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Table 3. Guide for PICC Insertion, Care, and Maintenance
Practices

Appropriate PICC practices

Before ordering a PICC, consult relevant specialists (e.g., infectious
diseases, oncology), operators (vascular access professional), and/or
hospital pharmacists to determine optimal device choice and
characteristics*

After non-EKG or non-fluoroscopically guided PICC insertion, verify PICC
tip position via chest radiography

Only adjust PICCs that terminate in the upper or middle one third of the
superior vena cava or right ventricle

In the absence of indications for a multilumen PICC, use a single-lumen
PICC of the smallest gauge

Use normal saline rather than heparin to flush PICCs after infusion or
phlebotomy

Exchange PICCs to change device features (e.g., number of lumens) or
treat dislodgement over a guidewire

Provide =3 mo of uninterrupted systemic anticoagulation for treatment
of PICC-related DVT in the absence of contraindications to such
therapyt

Use the smallest sized catheter and vein on the contralateral arm after
=3 mo of therapeutic anticoagulation when placing a PICC in a patient
with history of PICC-related DVT#

Provide a "line-free" interval to ensure clearance of bacteremia when
managing PICC-related bloodstream infections

Inappropriate PICC practices

Urgent requests for PICC placement in a hemodynamically unstable
patient in the wards or ICU

Preferential placement of a PICC on the basis of arm dominance

Chest radiography verification of the PICC tip after placement via verified
EKG guidance or fluoroscopy$§

Adjustment of PICC tips that reside in the lower one third of the superior
vena cava, cavoatrial junction, or right atrium

Advancement of a partially dislodged PICC in the setting of external
migration of the catheter of any length

Removal of PICCs that are clinically necessary, centrally positioned, and
otherwise functional in the setting of PICC-related DVT

Routine removal or replacement of PICCs that are clinically necessary
without objective evidence of catheter-associated bloodstream
infection in febrile patients

Removal of a PICC by a health care team member not trained to remove
this device

DVT = deep venous thrombosis; EKG = electrocardiography; ICU =
intensive care unit; PICC = peripherally inserted central catheter.

* Consultations with nephrologists for patients with stage 1 to 3a
chronic kidney disease was rated as neutral owing to challenges re-
lated to determining stage of kidney disease in hospitalized patients.
In such patients, consultation is recommended especially if hospital-
ized with acute kidney injury or fluctuating renal function.

T In patients with cancer, use of low-molecular-weight heparin over
warfarin for systemic anticoagulation was rated as preferred. Extend-
ing the duration of anticoagulation beyond such periods if the PICC
remained in place was rated as appropriate.

1 If the contralateral arm is not available, selection of a vein not in-
volved with the original PICC-DVT in the ipsilateral arm was rated as
appropriate.

§ When forgoing chest radiographs for PICC tip position, technical
proficiency in the placement of PICCs via EKG guidance is assumed.
Additionally, verification of tip-positioning via EKG (adequate P-wave
deflection/mapping) is assumed. If concerns regarding positioning ex-
ist, obtaining a chest radiograph is appropriate.

placement of peripheral intravenous catheters as ap-
propriate when prompted by clinical signs and symp-
toms rather than prespecified durations. Panelists
noted that such practice might extend availability of pe-
ripheral venous access (83), reduce cost (85), and limit
use of PICCs, but recognized that these data were lim-
ited to 1 randomized trial and low event rates in the
literature. When PICC placement was requested for
blood transfusions, panelists rated 16-, 18-, and 20-
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Table 4. Guide for Peripheral Intravenous Catheter
Practices

Appropriate peripheral intravenous catheter practices

Insert a peripheral intravenous catheter in the external jugular vein if the
proposed duration of use is <4 d or an emergent/life-threatening
situation exists

Place a peripheral intravenous catheter in the foot only in the setting of
an emergent, life-threatening situation

Use ultrasonographic guidance to place short or long peripheral
intravenous catheters in patients with difficult venous access who
require treatment for <5 d*

Remove peripheral intravenous catheters in the setting of redness,
swelling, or phlebitis over the vein of insertion

In hospitalized patients who are likely to require 215 d of intravenous
antibiotics, transition from a peripheral intravenous catheter to a PICC
or midline catheter as soon as possiblet

Use a 16-, 18-, or 20-gauge peripheral intravenous catheters in an
upper-extremity vein rather than a PICC when venous access is
needed for blood transfusion or performance of a contrast-based
radiographic study

Inappropriate peripheral intravenous catheter practices

Removal of peripheral intravenous catheters on the basis of a routine
schedule or in the absence of redness, swelling, or other signs of
inflammation is inappropriate; site rotation should be driven by
clinically warranted changet

Removal of a functioning peripheral intravenous catheter that has been
inserted in the field (e.g., ambulance or nonhospital site) in the
absence of redness, tenderness, or swelling over the insertion site is
inappropriate

Placement of peripheral intravenous catheters on the same side as prior
breast surgery, axillary node dissection, or arteriovenous fistulae
(regardless of whether the fistula is functional or not) is inappropriate

In the absence of a clinical indication warranting insertion, routine
placement of a peripheral intravenous catheter at the time of
admission to the hospital is inappropriate

In the absence of a clinical indication warranting continued use, routine
replacement of a peripheral intravenous catheter is inappropriate

PICC = peripherally inserted central catheter.

* Use of ultrasonography-guided peripheral intravenous catheters is
inappropriate in patients with advanced (stage 3b or greater) chronic
kidney disease. In such patients, consultation with a nephrologist and
use of a small-bore tunneled central catheter are appropriate.

T Delaying transition from a peripheral intravenous catheter to a PICC
before discharge may deplete available venous access sites and is not
appropriate when intravenous antibiotic treatment beyond 15 d is
clinically necessary.

T Routine changes of peripheral intravenous catheters may result in
loss of potentially available peripheral veins for infusion or therapy,
inadvertently leading to greater use of PICCs in hospitalized patients.

gauge peripheral intravenous catheters as appropriate
and preferable to PICC use. For administering intrave-
nous contrast through radiographic injectors, panelists
rated use of 16- to 20-gauge peripheral intravenous
catheters as appropriate and preferred over PICCs;
use of 22-gauge devices or larger was rated as
inappropriate.

A summary of these ratings is provided in Table 4.

DiscusSION

Our 15-member multidisciplinary panel success-
fully applied the RAND/UCLA Appropriateness Method
to generate novel criteria for use, care, and manage-
ment of PICCs in hospitalized patients. In addition, pan-
elists rated the comparative utility of other VADs in re-
lation to PICCs, providing new insights for decision
making in venous access. The implication of this work is
substantial, because it provides a potential means to
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quantify appropriateness, qualify existing use, and im-
prove care of PICCs and related devices in hospitalized
patients. Given an international team of experts that
represented multiple subspecialties and the inclusion
of a patient to formulate panelist ratings, these criteria
are well-positioned to broadly improve the quality and
safety of venous access in hospitalized adults.

As with many health care innovations, PICCs were
introduced to solve an important clinical problem in a
defined population (86). However, over time, the use of
PICCs has evolved to span diverse indications and pa-
tient populations. In hospital settings, accumulating ev-
idence suggests that placement of PICCs may occur for
potentially inappropriate reasons (18, 87). Notwith-
standing such benefits as convenience, comfort, and
economic efficiency (4, 88), PICC insertion may intro-
duce unnecessary risk and potential for preventable
harm (15, 16, 73). Despite this fact, no framework to
inform use of these devices has been developed to
date.

These observations were the motivation underlying
this project, which sought to incorporate existing evi-
dence with the knowledge of clinicians and content ex-
perts to define criteria for appropriate PICC use. Unlike
existing recommendations, our appropriateness criteria
represent a departure from the status quo in several
ways.

First, they offer clinical granularity for clinicians. For
example, existing guidelines recommend “use of mid-
line catheters or PICCs instead of a short peripheral
intravenous catheter when the duration of IV [inter-
venous] therapy will likely exceed six days” (33). Our
criteria build on this advice by adding such details as
what patient-specific considerations should be incorpo-
rated in this decision, which other devices may be ap-
propriate, and when PICC use for shorter durations
might be reasonable.

Second, whereas existing recommendations target
proceduralists or specialties that most often insert de-
vices, our criteria are the first to provide direction to
clinicians, such as internists or hospitalists, who order
PICCs. Thus, these criteria fill a critical gap, bringing
recommendations to those that drive the decision to
place such devices.

Finally, by tackling some of the most controversial
topics of venous access—including when to adjust the
PICC position, appropriate indications for removal, and
indications for reinsertion of PICCs after complications—
our criteria advance the science of vascular access in
important and innovative ways.

Some aspects of panelist deliberations and ratings
merit further discussion. First, patterns of recommenda-
tions for PICC appropriateness often hinged on 2 vari-
ables: the nature of the infusate and duration of
venous access. Thus, non-peripherally compatible infu-
sions or scenarios where venous access was necessary
for 6 days or longer often led panelists to rate PICC use
as appropriate; conversely, shorter duration of use with
peripherally compatible infusions led to a recommen-
dation for use of a peripheral intravenous catheter,
ultrasonography-guided catheter, or midline catheter.
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Unlike existing standards, however, variation in risk for
complications according to patient population influ-
enced this pattern. This is well-illustrated in ratings for
critically ill patients and those with cancer, where a
theme of limiting PICCs to durations of use of 15 days
or longer is evident.

Second, throughout deliberations, panelists noted
that it is often challenging for clinicians to estimate an
expected duration of venous access. Relatedly, a “max-
imal” window within which PICCs may be safely used is
not known and depends on myriad factors, including
adequacy of care and differential risk for complications.
Finally, panelists acknowledged that separation of indi-
cations for PICC placement into individual categories
and defining VADs by finite duration was artificial, be-
cause venous access is rarely driven by a single clinical
purpose or limited by duration.

On balance, panelists rationalized that clinicians of-
ten do not reflect carefully enough on the nature of
venous access or weigh its inherent risks and benefits.
Panel members added that in many hospitals, the deci-
sion to place a PICC is often dichotomous, with consid-
eration of other devices lacking. Thus, an unforeseen
advantage of these criteria is the introduction of a
physician-directed “time-out” in vascular access deci-
sion making. During this pause, reflection on the ap-
propriate device, patient risk factors, and discussions
with specialists could conceivably improve outcomes in
hospital settings.

Our approach has several limitations. First, we ex-
cluded neonatal and pediatric studies when formulat-
ing these recommendations, because considerable dif-
ferences in PICC use exist between these patients and
adults. However, because these populations often re-
ceive PICCs, future panels should choose to focus on
these subsets.

Second, although our panel was multidisciplinary,
we did not include bedside nurses, who often request
PICCs in hospitalized settings. However, vascular
nurses and hospitalists are attuned to considerations
regarding PICC use from this group of providers and
were well-represented on our panel.

Third, the applicability of these recommendations
will vary on the basis of provider scope of practice, ed-
ucation, and training. As echoed in other standards
(89), provider availability, competence, and technical
expertise should guide insertion and selection of ap-
propriate VADs.

Finally, our panel was focused on appropriateness
of PICCs in relation to other devices. We acknowledge
that certain devices may be used for longer durations
(for example, midline catheters for up to 28 days) or
indications of different durations (for example, intrave-
nous antibiotics for 6 weeks). These limitations were
necessary to ensure comparability among various de-
vices and generalizability of these recommendations.

Despite these limitations, our appropriateness cri-
teria represent a major multidisciplinary effort toward
improving decision making related to PICCs and re-
lated VADs. Avoiding PICC use for inappropriate indi-
cations, considering alternative devices, ensuring ap-
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propriate consultations, and outlining instances where
PICC removal is appropriate are but a few examples of
how these recommendations may be implemented to
improve practice. In addition, by including a patient
whose opinion influenced panel deliberations, we took
into account the implications of provider decisions
from “the other side of the needle.” Finally, the criteria
we propose span not just indications for PICC insertion
but also best practices for use, care, and maintenance.
Thus, we hope that our recommendations will provide
clarity for management of complex situations not only
before, but also during and after, PICC placement.

Although optimal strategies to implement our cri-
teria remain to be defined, an expansive range of op-
tions is possible. For example, routine benchmarking
and feedback of metrics, such as PICC dwell time, indi-
cations for insertion, and practices related to manage-
ment of complications, may serve to inform hospital-
specific "PICC dashboards” and quality-improvement
efforts. Alternatively, more sophisticated paradigms,
such as decision aids and computerized physician
order-entry taking into account proposed duration of
use, indication, and patient characteristics, are also
plausible.

Because many of our recommendations are algo-
rithmic, Web sites or smartphone applications to deter-
mine the appropriateness of PICCs before insertion
seem to be feasible. We are beginning to explore these
options through 2 strategic partners. First, through the
ongoing Blue Cross Blue Shield/Blue Care Network-
funded Hospital Medicine Safety collaborative quality
improvement project, we will use our appropriateness
criteria to evaluate and improve PICC utilization in 47
Michigan hospitals (90). Because the Hospital Medicine
Safety project is composed of diverse hospitals and is
built on a robust data platform, we will also seek to
understand contextual barriers, facilitators, and unin-
tended consequences related to use of our criteria.

Second, through work recently funded by the Vet-
erans Affairs National Center for Patient Safety and the
No Preventable Harms Campaign, we will test ways in
which to operationalize our criteria within the highly in-
tegrated Veterans Affairs health system. Given the ad-
vanced electronic medical record systems in this
setting, our experiences will shed new light on imple-
mentation strategies that could inform our work within
and beyond this setting. Such research may take sev-
eral forms. For instance, quasi-experimental designs,
such as pre-post or interrupted time series that exam-
ine the influence of specific appropriateness recom-
mendations (for example, avoid use of PICCs for pe-
ripherally compatible infusions lasting 5 days or less)
within and between hospitals, could be tested in par-
ticipating Michigan and Veterans Affairs sites. Alterna-
tively, a "bundle” of best practices related to PICCs,
including appropriateness criteria for insertion, care,
and management, may be deployed, leveraging a step-
wedge or cluster randomized approach to account for
secular trends.

More robust research designs, such as randomized
clinical trials, that utilize our criteria are also feasible.
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For example, randomly assigning patients who require
less than 2 weeks of peripherally compatible infusions
to receive a midline catheter or PICC is not only feasi-
ble but also relevant, because many PICCs are placed
to deliver antibiotics for such intervals after hospital dis-
charge. Such a study may be powered to ascertain the
noninferiority of midline catheters, rates of therapy
completion, or complications with either device. There-
fore, several research designs that span one or more
hospitals, and one or more of our recommendations,
may be used as interventions to target clinical out-
comes, overall utilization, adverse events, and costs.

In conclusion, we used the RAND/UCLA Appropri-
ateness Method to define best practices for PICC inser-
tion, care, and management. Although a key first step,
these criteria offer but a blueprint of best practices. To
make MAGIC truly happen, diffusion, uptake, and re-
finement from the providers and stakeholders engaged
in vascular access is necessary. Through use of a sys-
tematic rating process, a multidisciplinary international
panel, and patient representation, we hope to achieve
this goal. Our patients deserve nothing less.
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Table 1. Summary of Studies Included in the Literature Review

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Abdullah et al, 2005 (91) 26 Prospective cohort Determine the incidence of DVT in patients Patients aged 15-70 y with PICCs at the University PICC PICCs were associated with a significant rate of
study with PICCs as diagnosed with an of Malaya Medical Centre DVT by venography; no correlation between
upper-limb venogram at the time of PICC size and insertion site of catheter and UEVTE
removal were noted.
Ahn et al, 2013 (57) 237 Retrospective cohort  Ascertain risk factors associated with Patients with cancer and PICCs at the Dallas VA PICC Antiplatelet agents were protective against
study PICC-related DVT in cancer patients medical center from 2006 to 2009 DVT whereas use of ESAs, hospitalization,
and treatment dose anticoagulation were
associated with DVT
Akers and Chelluri, 2009 (92) 5 Retrospective cohort Analgsis of CVC use 18 mo before and after 3 hospitalists were trained to place PICCs in PICC After training, use of CVCs doubled, with
study a hospitalist training program to place Eatients at 1 university-affiliated community PICCs representing over 80% of all devices
PICCs ospital
Akl etal, 2011 (93) 3611 Cochrane systematic Evaluate the efficacy and safety of Patients with cancer and CVCs from 12 RCTs cvC A clear rationale supporting use of
review anticoagulation in patients with cancer anticoagulants to prevent CRT could not be
defined
Alexandrou et al, 2014 (94) 3447 Prospective cohort Report characteristics and outcomes from a Adult patients with a CVC, PICC, high-flow dialysis CVADs Trained vascular access nurses using US and
study CVC insertion service offered by trained catheter, or midlines in one tertiary care best practice can lower complication rates
nurses university hospital in Sydney, Australia, between during insertion and may improve patient
November 1996 and December 2009 safety
Alhimyary et al, 1996 (95) 231 Prospective cohort Report complications using PICCs for TPN in ~ Non-ICU patients who needed TPN received PICCs ~ CVC, PICC Complication rates did not differ significantl
study non-ICU patients compared to placement inserted in the antecubital vein or CVCs at 1 between the 2 groups; PICCs can be use
of CVCs in the subclavian vein institution from July 1991 to March 1994 safely for exclusive TPN administration
Alkindi et al, 2012 (96) 16 Retrospective cohort Review outcomes related to implanted port Patients with sickle cell disease who were Port Of 24 devices placed, 17 required removal
study placement in patients with sickle cell frequently hospitalized at a single academic owing to infection or thrombosis. The
disease who required red cell medical center median working life of the ports was 688.5 d
exchange/transfusion (range, 39-3925 d). The number of
infections was significantly correlated with
the number of ports (Pearson r = 0.66;
P<0.01)
Allan et al, 2012 (97) 10 In vivo comparison Rabbit model used to evaluate the Healthy, 15-week-old New Zealand white female PICC Chlorhexidine-coated catheters significantly
study performance of antimicrobial rabbits reduced microbial colonization and
(chlorhexidine)-coated PICCs in a clinical prevented microbial migration compared
setting, compared with uncoated with uncoated devices
catheters
Allen et al, 2000 (98) 119 Retrospective cohort Evaluate the rate of DVT in patients who had 354 PICCs were placed in 119 patients between PICC Overall rate of DVT associated with PICCs was
study venography before and after PICC AFriI 1992 and August 1998 at a single center; 38%,; incidence was highest for PICCs
placement all patients underwent venography before and placed in the cephalic vein (57%)
after PICC placement
Al Raiy et al, 2010 (1) 1260 Prospective cohort Compare PICC-related CLABSI rates with Patients with CVCs in non-ICUs and patients with CVC, PICC CVCs and PICCs had similar rates of CLABSI;
study those associated with CVCs in PICCs hospital-wide at 1 institution with surveillance and intervention, high-risk
hospitalized patients CVCs were removed; PICCs may be safer for
longer IV access
Al-Tawfiq et al, 2012 (99) 92 PICCs Prospective cohort Describe PICC-related BSl incidence in 1 Hospitalized patients with PICCs at Dhahran Health ~ PICC Rates of PICC-related CLABSI varied accordin
study hospital setting Care Center, Saudi Arabia, from January to to patient factors, such as cancer and critica
December 2009 illness
Amerasekera et al, NA Review Overview of venous anatomy and NA PICC To help diagnose PICC complications,
2009 (100) complications related to PICC use with radiologists should have good knowledge
radiographic images of venous anatomy and imaging techniques
related to PICC insertion
Anderson, 2004 (42) 6004 midline Review article and Examine midline catheter use as a bridge Patients at Evangelical Community Hospital in PIVC, Substituting a midline for a short peripheral
catheters; retrospective between peripheral and central catheters Lewisburg, PA midline catheter led to improved outcomes,
337 PICCs cohort study over a 6-year period catheter, including reduced rates of venipuncture,
PICCIV decreased length of stay, and improved staff
and patient satisfaction
Armstrong et al, 2013 (101) 49 Case-control study Compare bacteremia rates in patients with Patients admitted to a regional burn center who PICC Antibiotic-impregnated PICCs substantially
antibiotic (minocycline-rifampin) required a PICC as part of clinical care decreased the rate of bacteremia in burn
impregnated PICCs vs. those who patients (0% vs. 50%)
received conventional PICCs
Association for Vascular NA Guideline Position statement and recommendations NA CVC, US guidance for placement of CVADs by
Access, 2011 (102) for the insertion of CVADs by registered midline trained nurses is safe and cost-effective and
nurses using US guidance catheter, should become part of routine practice
PICC
Aw etal, 2012 (103) 340 Retrospective cohort Determine the incidence of symptomatic Patients with cancer who had PICCs placed by US PICC Symptomatic PICC-related DVT is frequent in
study PICC-related DVT in cancer patients guidance for delivery of chemotherapy this population; diabetes and chronic
obstructive pulmonary disease are risk
factors for PICC-related DVT
Bai and Hou, 2010 (104) 37 Prospective cohort Explore feasibility of US-guided PICC Elderly adults with PICCs inserted by US guidance PICC US-guided insertion of PICCs is safe and

study

insertion in elderly adults using modified
Seldinger technique

in a Chinese medical center

effective for elderly adults with nonpalpable
veins

Continued on following page
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Table 1-Continued

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Baietal, 2013 (105) 128 Prospective cohort Determine clinical outcomes in patients who Patients with lung cancer in 1 radiation oncology IV, PICC Patients undergoing combined radiation
study received chemotherapy via an indwelling department in Shenyang, China therapy and chemotherapy prefer a PIVC
IVs compared to PICCs over a PICC for intermittent chemotherapy
Barr etal, 2012 (106) 2766 Retrospective cohort Examine rates of complications and Patients in the ambulatory care setting using the Midline Line infections were associated with duration
study outcomes in patients receiving outpatient Glasgow outpatient antibiotic therapy service catheter, of line use, female sex, and TCVCs; dwell
antibiotic therapy by device type PICC, time was significantly associated with risk for
TCVC line infection
Bates et al, 2012 (107) NA Guidelines for Identify and recommend strategies for Eligible studies included those that addressed PICC, CVC For diagnosis of UEDVT, initial evaluation with
diagnosis of DVT diagnosis of DVT in ambulatory adults diagnostic accuracy and clinical outcomes combined modality US over other tests,
including venography and D-dimer, is
recommended
Baumgarten et al, 2013 (108) NR Prospective cohort Evaluate a training and implementation Ochsner home infusion outpatients who received PICC After institution of a checklist and an order set
study rogram to reduce CLABSI in the home PICC lines were included; a checklist for best to standardize care in home infusion
Eea th care environment dressing practices and order sets were patients, PICC infection rates decreased by
evaluate(j3 46% compared with prior years
Baxi et al, 2008 (109) 1350 PICCs Retrospective cohort Evaluate the association between Hospitalized patients from February to August PICC Post-placement adjustment of PICCs was not
study post-placement and risk for PICC-related 2007 at a quaternary medical center in Michigan associated with CLABSI or DVT. Factors
BSl and DVT associated with CLABSI were diabetes,
immune suppression, and number of
lumens; lumens were associated with risk for
DVT and catheter thrombosis
Baxi etal, 2013 (110) 1652 Retrospective cohort  Evaluate the association between Hospitalized patients from February to August PICC Post-placement adjustment of PICCs was not
study post-placement and risk for PICC-related 2007 at a quaternary medical center in Michigan associated with CLABSI or DVT. Factors
BSI and DVT associated with CLABS| were power-capable
PICCs, diabetes, immune-suppression and
number of lumens; lumens were also
associated with risk for DVT and thrombosis
British Committee for NA Guidelines British Committee for Standards in 2007 update to the 1997 guidelines that provide CVC, PICC, Major recommendations in this update include
Standards in Haematology, Haematology guidelines that review basic major recommendations for use of several port use of US during insertion, use of CVCs for
1997 (69) principles of the care of patients with devices in hospitalized and ambulatory patients short-term access when peripheral access is
CVCs not possible, and use of tunneled catheters
or ports for longer-term access. These
guidelines recommend avoidance of PICCs
in inpatient settings because of thrombosis risk
Bellesi et al, 2013 (58) 24 Prospective cohort Evaluate the efficacy and safety of PICCs as Patients undergoing hematopoietic stem cell PICC The rate of CLABSI with PICCs was similar to
study long-term VADs for chemotherapy transplantation with PICCs inserted between that of conventional CVCs
administration May and November 2008 in Italy
Bonciarelli etal, 2011 (111) NA Guideline Define recommendations for the correctand  Patients using ports for radiodiagnostics Port Patient safety, cost-effectiveness, and
safe use of implantable venous access efficiency are important aspects in the use of
devices for diagnostic procedures ports in radiodiagnostics, especially in
patients with cancer
Bonizzoli et al, 2011 (112) 239 Prospective cohort Assess rates of thrombosis after PICC Patients discharged from the ICU with a central CVC, PICC Higher risk for DVT in patients with PICCs was
study placement in a cohort of critically ill venous device at Careggi Teaching Hospital, noted (27.2% vs. 9.6%). Female sex and the
patients Florence, Italy, from January to August 2008 left basilic vein as the access site were
associated with PICC-related DVT
Bottino etal, 1979 (113) 81 Prospective cohort Assess risks related to long-term use of Patients with cancer requiring prolonged IV PICC Although 6% of catheters were removed for
study peripherally inserted silicone elastomer therapy, including chemog\erapy phlebitis, peripherally inserted silicone
CVCs in cancer populations elastomer CVCs may be used for long-term
central venous access
Burg and Myles, 2005 (114) 79 Cross-sectional Identify complications associated with Antepartum patients with |V therapy records at St. PICC PICCs had a low risk for complications and
survey antepartum PICC use Mary's Health Center from January 2000 to were otherwise effective for long-term IV
March 2005 access. One patient had a DVT, and 6% had
PICCs removed for other complications
Burns and Lamberth, 2010 (5) NA Review Discuss resources, costs, policies, and A review of the formation of vascular access teams PICC, Vascular access teams, though associated with
procedures related to developing in 2 hospitals and the costs and benefits midline upfront costs, have important downstream
vascular access teams associated with these programs catheter, benefits and cost savings
CcvC
Butler etal, 2011 (115) 185 Retrospective cohort Examine the association between PICC Patients requiring hemodialysis with catheter PICC Prior PICC use was 2.46 times more likely to be
study placement and subsequent risk for lacements and exchanges at 1 university associated with catheter-related infection
catheter-related infection in hemodialysis ospital from September 2003 to September compared with patients who never received
patients 2008 this device
Caparas and Hu, 2014 (38) 54 Prospective, Assess whether vancomycin can be safely Patients scheduled to receive short-term IV Midline Short-term midline catheters were safe and
controlled, administered through a new midline vancomycin at a single medical center in catheter, cost-effective for delivering vancomycin for
randomized catheter compared with PICCs Queens, New York PICC durations <6 d
clinical trial
Cape etal, 2013 (116) 66 Retrospective cohort ~ Analyze PICC-related complications in Pregnant women with PICCs inserted between FICC PICC insertion in pregnant women was

stuay

pregnant women who received PICCs for
various clinical indications

January 2000 and June 2006 at 1 medical
center

associated with high rates of bacteremia
and thrombosis.

Continued on following page
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Table 1-Continued

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Catalano et al, 2011 (117) 500 Prospective cohort Analyze rates of catheter-related thoracic Cancer patients who had a CVAD and underwent CVC, PICC, CVC-related thrombosis is common in patients
study DVT in patients with cancer by using CT for any reason port with cancer and can be difficult to detect by
multidetector CT clinical means
Chakravarthy et al, 31 Randomized, Evaluate the incidence of PICC-related DVT Critically ill patients who received a PICC during PICC PICC-related DVT in critically ill patients is
2005 (118) controlled clinical in ICU patients routine cﬁnica\ care at 1 academic medical common (65%) and largely asymptomatic;
trial center vigilance for DVT in this population is
suggested
Chemaly et al, 2002 (119) 2063 Retrospective cohort Assess the safety of PICCs used for Patients at the Cleveland Clinic Foundation who PICC PICC use was associated with UEDVT. Patients
study long-term IV antibiotic administration had a PICC placed for IV antibiotics between who were younger, had prior VT, or
January 1994 and October 1996 received amphotericin infusion through the
PICC were at greater risk for DVT
Cheong et al, 2004 (120) 17 Retrospective cohort Document the frequency of PICC Patients with solid tumors treated at Flinders PICC Compared with patients without cancer, a high
study complications in patients with solid Medical Centre, South Australia, between rate of complications (sepsis, thrombosis,
tumors January 2000 and March 2001 blockage, and leakage) was found in
patients with cancer who received PICCs
Chittick et al, 2013 (121) 265 Prospective cohort Compare patients with early- and late-onset Patients who developed PICC-related CLABSI at 1 PICC There are significant differences in the
study PICC-related CLABSI to assess risk factors academic center microbiological characteristics of patients
with early- and late-onset CLABSI; these
differences may influence choice of
antibiotic and strategy of prevention
Chopra etal, 2012 (17) NA Review Describe evolution of PICCs and their Human studies with specific keywords related to PICC Introduction of a conceptual model,
adoption in modern medicine; evaluate PICCs, CLABSI, and DVT; full text, abstracts, and highlighting uncertainties and knowledge
early studies of DVT and CLABSI; provide posters were included gaps pertaining to PICCs and specific
focus for areas of uncertainty and risk adverse outcomes
Chopra etal, 2012 (9) NA Review Examine the risk and benefit of PICC use in Evaluation of PICC decision making and changes PICC Highlights the need for more PICC research
hospitalized patients in the epidemiology of CVC use in hospital and caution in placing PICCs, given the risk
settings for adverse events
Chopra et al, 2013 (22) 144 Cross-sectional Web-based survey designed to understand Hospitalists from 10 academic and community PICC Substantial variation in hospitalist experience,
survey hospitalist experience, practice, opinions, hospitals in Michigan practice, opinions, and knowledge
and knowledge related to PICC use, care, regarding PICCs was observed
and management in Michigan
Chopra etal, 2013 (21) 2112 Cross-sectional Web-based survey designed to understand Hospitalist providers who are members of the PICC Hospitalist knowledge and experiences related
survey hospitalist experience, practice, opinions Society of Hospital Medicine across the United to PICCs varied, with knowledge gaps
and knowledge related to PICC use, care, States related to the rationale for PICC ti
and management across the United States positioning and outcomes related to PICC
use. Treatment of complications varied
substantially, including in duration of
anticoagulation and catheter removal in the
setting of PICC-related DVT
Chopra et al, 2013 (15) 57 250 Systematic review Risk for CLABSI with PICCs vs. CVCs Twenty-three studies including adults who had PICC, CVC Hospitalized patients are just as likely to
and meta-analysis either a PICC or CVC and reported CLABSI develop CLABSI with PICCs as with CVCs; in
outpatients, PICCs were associated with a
lower risk for CLABSI
Chopra et al, 2013 (16) 29 503 Systematic review Risk for DVT with PICCs vs. nontunneled 64 studies including adult patients with PICCs or CVC, PICC Patients with cancer and those with critical
and meta-analysis CVCs CVCs illness had the highest rate of PICC-related
DVT; PICCs were associated with 2.5 times
greater risk for DVT compared with CVCs
Chopra et al, 2014 (122) 747 Retrospective cohort Identify rates; patterns; and patient, Patients who underwent PICC placement between PICC PICC-related BSI was associated with hospital
study provider, and device characteristics June 2009 and July 2012 at a VA medical center length of stay, ICU status, and number of
associated with PICC-related CLABSI in Michigan PICC lumens
Cortelezzia et al, 2003 (123) 126 Retrospective cohort  Analyze the incidence of thrombotic and Patients with hematologic cancer and low platelet CVC, PICC Thrombosis occurred more frequently with
study infectious complications in CVCs vs. PICCs count with either a CVC or a PICC; patients PICCs than with CVCs; patients who
in cancer patients received DVT prophylaxis at the discretion of received LMWH were less likely to
the provider experience DVT than those who received
heparin
Cotogpni et al, 2013 (59) 254 Prospective cohort Evaluate the incidence of VAD-related Cancer patients who received parenteral nutrition PICC, Home parenteral nutrition was safe and well
study complications in cancer patients who between June 2008 to November 2009 at a tunneled tolerated in patients with cancer; risk for
receive home parenteral nutrition university hospital in Italy catheter, complications across devices was low and
port acceptable
Couban et al, 2005 (124) 255 Multicenter, Assesse whether low-dose daily warfarin Patients who required a CVC for at least 7 d were CvC Symptomatic CVC-associated thrombosis was
randomized, reduces the incidence of symptomatic randomly assigned to receive 1 mg warfarin less common than previously thought in this
placebo- CVC thrombosis in patients with cancer daily vs. placego population; daily 1-mg doses of warfarin did
controlled clinical not reduce symptomatic CVC-related
trial thrombotic events
Crnich and Maki, 2002 (125) NA Review Invited article that examined use of novel Examining the risk for [VD-related infections, CVC, port, Newer technologies may help reduce CLABSI.;
approaches, such as securement devices, pathogenesis, prevention, and novel technology PICC identification, adaptation, and evaluation of

dressings, catheter coatings, and lock
solutions, in preventing CLABSI

available for control of BS| associated with
long-term devices

these novel approaches is necessary

Continued on following page
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Table 1-Continued

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Curigliano et al, 2007 (126) 188 Prospective cohort Evaluate the efficacy and safety of low-dose Patients with stage II-IV breast cancer with CVCs CcvC Although no control or comparison arm was
study aspirin for prevention of VTE for continuous chemotherapy from April 2000 to included, low-dose aspirin was a reasonably
March 2004 in a single center well tolerated method of DVT prevention in
this population
Daneman et al, 2012 (127) 348 Retrospective cohort Assess the risk for recurrent bacteremia in Bacteremic patients undergoing PICC insertion at PICC Recurrent bacteremia within 30 d of PICC
study patients with recent CLABSI within 6 an academic health center were reviewed for insertion occurred in 33 patients but often
weeks risk for recurrent infection involved a different organism (25 patients);
after adjudication, only 3 of 8 recurrent
infections were determined to be "true"
relapses (0.9%)

Dariushnia et al, 2010 (68) NA Guidelines Guidelines from the Society of Interventional ~ Comprehensive review of indications for central PICC,CVC,  These guidelines provide target success rates
Radiology that were written for quality venous access, Ql efforts, and management of port for insertion of various catheters as well as
improvement programs seeking to assess complications major complication rates and suggested
central venous access procedures thresholds for venous access devices

Dawson et al, 2013 (128) NA Review Examined published evidence on midline Calls for greater use of midline catheters as partof ~ CVAD, Midline catheters are effective tools for
catheters in reducing the risk for CLABSI a multifaceted effort to reduce CLABSI in CVC, intermediate-duration infusions that are

hospitals PICC, peripherally compatible. They can be used
midline for blood draws and infusion and, as part of
catheter a multifaceted approach, can reduce
hospital rates of CLABSI

Debourdeau et al, 2013 (36) NA Guidelines Establishment of good clinical practices Guideline examined prophylaxis and treatment of CcvC Dissemination and implementation of these
guidelines for the management of CRT in thrombosis associated with CVCs in patients guidelines is a public health priority in order
patients with cancer with cancer to reduce CRT

Delemos et al, 2011 (129) 5 Prospective cohort Evaluation of PICCs as an alternative to CVCs  Neurologic critical care patients at 1 center who PICC, CVC Use of PICCs (rather than CVCs or pulmonary

study in neurosurgical critical care settings had PICCs (as opposed to CVCs) for IV access artery catheters) reduced procedural and
and monitoring infection risk

Del Principe et al, 2013 (56) 71 Retrospective cohort Assess rates of catheter-related thrombosis Patients with acute myeloid leukemia who CcvC Patients with sepsis and exit-site infections had
in relation to catheter exit site infection underwent CVC placement before each significantly higher rates of thrombosis than

chemotherapy cycle those without these events, independent of
other factors

Diaz et al, 2012 (130) 50 Prospective cohort Determine baseline CLABSI rates for Patients at a level | trauma, academic ED who CvC No CLABSI events occurred; notably, 42% of

study ED-inserted CVCs and describe required central catheter insertion CVCs had no date of removal, suggesting
indications, duration of use, and natural the need to improve documentation in this
history of these devices regard

Di Nisio etal, 2010 (131) NA Systematic review Examine the utility of US to diagnose 17 articles assessing diagnostic accuracy of tests CVC, PICC Compression US is an acceptable alternative to
PICC-related DVT for clinically suspected UEDVT venography, given high sensitivity and

specificity for catheter thrombosis

Duerksen et al, 1999 (132) NR Prospective cohort Assess type of CVC and complications Patients at St. Boniface General Hospital in CVC, PICC, Over the 10-year study, use of PICCs increased

study associated with delivery of parenteral Winnipeg, Manitoba, Canada, who received a tunneled to replace CVCs in providing parenteral
nutrition CVC for nutrition between 1987 and 1997 catheter nutrition; PICCs did not increase risk for
sepsis or thrombosis compared with
historical cohorts
Durrani, 2009 (133) 623 Retrospective cohort  Test whether anticoagulants can prevent VT Patients admitted to a single medical center PICC Receipt of aspirin or clopidogrel during
study in patients with PICCs between January 2004 to July 2009 who hospitalization did not affect the risk for
received a PICC and antiplatelet agents PICC-related DVT

Elia etal, 2012 (41) 100 Randomized Compare survival rates between 100 patients in an urban high-dependency unit PIVC Both short and long peripheral catheters

controlled trial standard-length catheters vs. long were randomly assigned to receive either short placed with US have a high success rate;
peripheral catheters inserted by US or long peripheral catheters catheter failure occurred more frequently in
the short catheter group (45% vs. 14%;
P=0.001)

El Ters etal, 2012 (49) 282 Case-control study Assess the association between history of Hemodialysis outpatients in 7 Mayo Clinic units in PICC A strong and independent association (3.2
PICC use and subsequent malfunctioning Rochester, Minnesota times greater odds of a nonfunctioning
or nonfunctioning arteriovenous fistula fistula) was noted in patients who had

received prior PICCs

Evans et al, 2010 (73) 1728 Prospective cohort Assess the prevalence and risk factors Patients with PICC insertions at a large PICC PICC insertion in patients who have cancer,

study associated with symptomatic PICC-related university-based health system undergo surgery lasting greater than 1 h, or
DVT in hospitalized patients have experienced prior thrombosis is
associated with greater risk for DVT;
Catheter gauge is a strong and modifiable
factor associated with PICC DVT
Evans et al, 2013 (74) 5018 Prospective cohort Assess whether small-diameter PICCs may All patients with PICC insertions at 1 hospital from PICC Use of smaller-gauge PICCs was associated
study reduce the risk for DVT in hospitalized January 2008 to December 2010 with substantially lower rates of DVT
patients

Faganani etal, 2007 (134) 1410 Prospective cohort Evaluate the association between Patients attending 1 of 18 participating hospitals CVC, PICC, Antithrombotic prophylaxis did not prevent

study antiplatelet therapy and risk of who had solid or hematological tumors and a port catheter-related VT in this high-risk cohort
subsequent catheter-related thrombosis CVC, PICC, or port

Fearonce et al, 2010 (135) 31 Retrospective cohort ~ Compare the use and safety of PICCs vs. Burn patients at a single center who received one PICC, CVC Compared with PICCs, CVCs had a higher rate

study

CVCs in a cohort of patients admitted to a
burn ICU

or more PICCs between July 2005 and June
2007

of catheter-related BSI; PICCs were
associated with greater risk for DVT

Continued on following page
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Table 1-Continued

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Fletcher and Bodenham, 501 Retrospective cohort  Assess the incidence rate and clinical 479 patients who received 501 PICCs during PICC The incidence of symptomatic PICC-related
2000 (70) study significance of PICC-related DVT in clinical care in a neurologic ICU at a quaternary DVT was 8.1%; PE attributable to the PICC
critically ill patients in a neurologic ICU academic medical center occurred in 15% of patients, often requiring
anticoagulation or superior vena cava filter
placement
Fletcher et al, 2011 (136) 2150 Retrospective cohort  Understand the incidence rate and PICCs placed in neurosurgical ICU patients PICC, CVC PICCs are associated with a high rate of DVT;
study significance of symptomatic PICC-related between March 2008 and February 2010 placement in a hemiparetic arm and infusion
DVT in critically ill patientsin a of mannitol or vasopressors through the
neurosurgical ICU F[;I\(/Z_I(_Z were associated with greater odds of
Freixas etal, 2013 (137) 2176 health Quasi-experimental Determine the effect of a multimodal Adult patients hospitalized in non-ICU settings PIVC, CVC Implementation of the program reduced
care before-after study intervention to reduce the incidence of between 2009 and 2010 at 11 affiliated CLABSI and CVC utilization; PIVC utilization
workers CLABSI outside the ICU hospitals in Catalonia, Spain remained unchanged
Frizzelli et al, 2008 (138) 848 Prospective cohort Evaluate risk for US-confirmed DVT in Patients recovering in the ICU after heart surgery cvC CVC-related DVT was a frequent outcome,
study patients who received a CVC during for 5-7 d from 6 centers were included occurring in 386 patients (48%). Patients
cardiac surgery who received prophylactic anticoagulation
did not experience PE. Screening via US in
this high-risk cohort may be valuab?e to prevent
PE
Furuya et al, 2011 (139) 441 hospitals Cross-sectional study ~ Assess the implementation of elements Hospitals must have conducted National CcvC Reduction in CLABSI was only observed in
embedded within the central line Healthcare Safety Network CLABSI surveillance ICUs that had a CLABSI policy, monitored
"bundle" across US hospitals and effect on in 2007 to be included adherence, and had >95% adherence rate
subsequent CLABSI rates
Gong etal, 2012 (140) 180 Prospective cohort Compare PICC complications via use of a Patients with cancer who had PICCs at the PICC PICCs placed using a modified Seldinger
study modified Seldinger technique with US Department of Chemotherapy in Jiangsu approach and US were less likely to
guidance vs. the traditional method of Cancer Hospital experience thrombotic complications
placement
Goransson and Johansson, 83 Prospective cohort Investigate the association between Hospitalized patients who underwent PIVC PIVC Of 83 patients, 45% developed
2012 (141) study rehospital PIVC placement and placement before hospitalization by ambulance thrombophlebitis (54%); no association
E‘equency of phlebitis crews in Stockholm, Sweden between thrombophlebitis and prehospital
risk factors was found
Grant et al, 2008 (142) 189 Retrospective cohort Examine characteristics of patients who Patients who underwent PICC placement at UCLA PICC Patients who experienced multiple PICC
study developed PICC UEDVT Medical Center between January 2003 and insertions had a 4-fold greater risk for DVT
December 2006 than those who had only 1 insertion
Grantetal, 2012 (143) NA Review Provide a summative and clinically relevant Narrative review PICC, CVC, Pharmacologic thrombosis prophylaxis is not
approach for the diagnosis, management port effective in reducing risk for UEDVT in
and prevention of UEDVT in high-risk patients with CVCs; anticoagulation is
patients with and without catheters commonly used for treatment of UEDVT and
is recommended largely from extrapolation
of studies involving lower-extremity DVT
Gregg et al, 2010 (144) 59 Retrospective cohort Report success and complications related to Critically ill patients who underwent US-guided PIVC, CVC Of the 148 PIVCs requested, 147 were placed
study US-guided PIVC placement in critically ill PIVC placement as part of their routine care at a successfully by US guidance; complications
patients single medical center in the United States included infiltration (3.4%), inadvertent
removal (2.7%), and phlebitis (0.7%). As a
result of successful PIVC placement, 40
CVCs were discontinued and 34 CVCs were
avoided
Griffiths, 2007 (145) NA Review Overview of midline catheters inserted by Narrative review Midline Nurse involvement in determining the
nurses for short- and long-term IV catheter appropriateness of venous access can help
infusions improve patient outcomes; midline
catheters are one example of a device that
can provide both short and long-term
infusions with low risk for complications
Grove and Pevec, 2000 (146) 678 Retrospective cohort Determine risk factors that may lead to DVT Patients with PICC insertions in 1997 PICC PICC-related DVT rates were 4.5% for nurses
study in patients who receive PICCs cross-referenced with venous duplex exams at 1 and 2.7% for IRs; the smallest-gauge
hospital catheter should be used to decrease risk for
thrombosis
Gunstetal, 2011 (2) 121 Prospective cohort Assess whether use of PICCs results in Patients admitted to a surgical ICU for =14 d PICC, CVC The only independent predictor of infection
study reduced rate of BS| compared to between July 2005 and July 2006 was dwell time; catheter coating and PICC
antiseptic-coated CVCs use did not predict infection, though PICCs
were associated with infections less
frequently than CVCs
Guyatt et al, 2012 (35) NA Guidelines Summary of evidence for the Summary recommendations related to therapy PICC, CVC This summary is the 9th edition of the
recommendations on antithrombotic and prevention of thrombosis including American College of Chest Physicians
therapy and prevention of thrombosis catheter-related DVT Antithrombotic Guidelines; a methods
article with recommendations and grading
of the evidence are included
Hadaway, 2001 (147) NA Review Address the risk for catheter-related BSI and Narrative review CVC, PICC Clinicians should closely follow manufacturer

hub disinfection methods and practice

instructions regarding disinfection
technique and chemical composition of
disinfectant used

Continued on following page
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Table 1-Continued

Study, Year (Reference) Participants, Design Focus or Overview Study Sample and Characteristics Device Findings and Comments
n
Hadaway et al, 2011 (148) 554 health Survey-based study Assess the knowledge gap of health care Health care workers were invited to participateina ~ CVC, PICC Among respondents (response rate, ~14%), a
care workers about practice with needleless 22-question survey significant gap of knowledge regarding
workers connectors needleless connectors; cleansing practices;
and flushing, clamping sequence
Hadaway, 2012 (149) NA Review Analysis of 45 studies to assess knowledge Narrative review CVADs, IV Insertion techniques and other clinical
gaps and inadequate clinical practices practices differ greatly among countries;
associated with catheter-related BSI these variations may increase the risk for
BSI. Catheters should be changed only
when clinically indicated
Hadaway, 2012 (150) NA Review Describe currently used needleless Narrative review Needleless Device design, user knowledge deficits, and
connectors and their potential for connectors improper hygiene can influence risk for
complications associated with differing infections; such interventions as scrubbing
medical practices the connection surface, flushing, changing
the needleless connectors, and intermittent
IV administration can reduce risk for
infection
Harnage, 2007 (151) 32 ICU beds Prospective cohort Assess the effect of a newly developed PICC Patients with PICCs in 2 ICU units in 1 California PICC A PICC bundle that combined practice and
bundle on catheter-related BSI hospital technology successfully decreased
catheter-related BSI
Harnage, 2012 (152) NR Retrospective cohort Evaluate sustainability and lessons learned Patients in 1 California hospital PICC Catheter stabilization and zero-displacement
study after implementation of a PICC bundle at IV connections helped reduce CLABSI
1 medical center
Hornsby et al, 2005 (88) NR Prospective cohort Analysis of the creation and effect of 2 500-bed facility in Saginaw, Michigan PIVC PICC More PICCs were placed proactively at the
study full-time vascular access specialty beginning of hospital stays. Peripheral
positions at 1 medical center catheter restarts were replaced with PICCs
and delayed discharges related to PICC
placement were reduced
Hoshal, 1975 (86) 35 Prospective cohort Examine the feasibility of using peripherally Patients receiving total IV nutrition at 1 medical PICC This first-ever report of PICCs found that
study inserted silicone elastomer CVCs for total facility peripherally inserted silicone elastomer
IV nutrition CVCs were safe, effective, and durable for
delivery of total IV nutrition in outpatients
Hughes, 2011 (153) NA Systematic review Examine PICC-related thrombosis incidence, Systematic review PICC PICC-related DVT is common, especially
morbidity and effect of US guidance on among patients with cancer. Although
outcomes |imite§, available evidence suggests US can
reduce risk for thrombosis
Hughes, 2014 (154) 31 Prospective cohort Assessing the feasibility of SecurAcath Patients at 1 cancer hospital who received PICCs PICC A single case of migration among 32 patients
study (Interrad Medical, Plymouth, Minnesota), a and the SecurAcath device during clinical care was recorded; however, some initial
subcutaneous device, on inadvertent PICC problems with infection and pain occurred
migration
Infusion Nurses Society, NA Guidelines Review of current literature for the Standards for insertion, care, and management of PIVC, CVC, Topics ranging from patient care, access
2011 (32) development of standards of practice for VADs for nursing professionals PICC, devices, and infusion therapies to safe and
nurses working with VADs tunneled effective methods for working with VADs
catheter, were included; basic requirements in
port education and competencies for insertion
and management of devices are also outlined
Itkin et al, 2014 (155) 332 RCT Evaluate the risk for DVT in PICCs that are Patients 18-90 years of age requiring PICC PICC Although tapering of PICCs did not influence
reverse-tapered vs. PICCs that are not insertion at a quaternary academic medical risk for PICC-related DVT, up to three
center quarters of patients experienced
asymptomatic thrombosis in this study,
suggesting a high overall rate of thrombosis
Jin etal, 2013 (156) NA Systematic review Describe potential repositioning techniques Systematic review PICC Malpositioning of PICCs can occur from the
for PICCs that were malpositioned during right ventricle to peripheral veins.
or after insertion Repositioning techniques, including manual
advancement or catheter replacement, are
often necessary
Joffe and Goldhaber, Review Examine the pathogenesis, signs, and Narrative review CVC, PICC Secondary thrombosis related to CVC use is on
2002 (157) symptoms of UEDVT and the association the rise; thrombolysis reserved for specific
between the increasing incidence of instances
UEDVT and CVCs
Johansson et al, 2013 (6) NA Systematic review Examine the advantages and disadvantages 48 studies were assessed for eligibility, of which 11 PICC, CVC, PICCs are commonly used in oncology;
of PICCs vs. CVCs on the basis of available were included in the qualitative analysis; 9 of port however the quality of the evidence
evidence the 11 were excluded owing to low quality supporting use of these devices is limited
Johansson et al, 2013 (158) 23 oncology Survey-based study National survey to examine use of PICCs in Heads of 23 adult oncology departments in PICC Twenty-two of 23 sites responded (96%).
departments adult oncology departments in Sweden Sweden Vascular nurses most often placed PICCs

with US in most sites; 9 of 16 sites reported
having specific indications for type of device
used; one third of departments did not
place PICCs
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SUPPLEMENT Michigan Appropriateness Guide for Intravenous Catheters (MAGIC)

ConTINUING MEDIcAL EpucATION/MAINTENANCE OF CERTIFICATION ACTIVITY

In addition to CME credit, physicians enrolled in the American Board of
Internal Medicine's (ABIM) Maintenance of Certification (MOC) program
can earn 8 medical knowledge self-assessment points for successful com-
pleting an online activity associated with this article.

To earn 5 CME credits, please take the quiz at www.annals.org/article
.aspx?doi=10.7326/M15-07448&atab=7. To earn MOC points, you must
take the MOC quiz at www.acponline.org/magicmoc/; successful comple-
tion qualifies for 8 MOC points, and this information will be transferred to
the ABIM.

These CME and MOC activities are free to ACP members and individual
subscribers to Annals of Internal Medicine. Others who are interested in
completing this MOC activity can learn more about ACP membership and
individual subscriptions to Annals of Internal Medicine at www.acponline
.org.

Plese visit www.acponline.org/magicmoc/ to learn more and take the
MOC quiz.
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Appendix Table 1. Literature Search Strategy

Search Query Items Found, n
PubMed (searched
9 March 2013)
#23 (#8 not (#12 or #21 or #22)) 1109
#22 (("Case Reports"[pt] or "case report"[Title])) 1664 821
#21 (#19 not #20) 455 878
#8 ((#3 OR #4) AND #7) 1542
#20 (#16 or #17) 769 402
#19 (#13 or #18) 507 993
#17 ((#3 OR #4) AND #7) Filters: Adult: 19+ years 577
#16 adult*[Title/Abstract] 768 894
#13 ((#3 OR #4) AND #7) Filters: Child: birth-18 years 417
#18 (pediatric or neonat*[Title]) 507 773
#12 (#9 NOT (#10 or 11)) 56
#10 ((#3 OR #4) AND #7) Filters: Humans 1435
#9 ((#3 OR #4) AND #7) Filters: Other Animals 82
#11 (human* or patient*[Title/Abstract]) 6 257 942
#7 ("Guideline" [Publication Type] OR "Guidelines as Topic"[Mesh] OR "Practice Guideline" [Publication 2824018
Type] OR "Unnecessary Procedures" [MeSH] or (appropriate* or inappropriate* or indicat* or
guideline* or unnecessary|[Title/Abstract]))
#4 "peripherally inserted central catheter*" OR "peripherally inserted" or picc*[Title/Abstract] 1474
#3 "Catheterization, Central Venous"[Majr] 8919
CINAHL 325
S24 S20 not S23
S23 S21 NOT S22
S22 S20 Limiters-Age Groups: All Adult
S21 S18 AND S19 Limiters-Age Groups: All Child
S20 S18 AND S19
S19 S16 ORS17
S18 Tl (appropriate* or inappropriate* or indicat* or guideline* or unnecessary) OR AB ( appropriate* or
inappropriate* or indicat* or guideline* or unnecessary)
S17 Tl ("peripherally inserted central catheter*" OR "peripherally inserted" or picc*) OR AB (
"peripherally inserted central catheter*" OR "peripherally inserted" or picc*)
S16 (MH "Catheter Care, Vascular+") OR (MH "Central Venous Catheters+")

Google Scholar

ClinicalTrials.gov
(searched 9 April
2013)

"peripherally inserted central catheter*" AND (appropriate* or inappropriate* or indicat* or
guideline* or unnecessary)

peripherally inserted central catheter* or picc*

134 (only 131 imported)

40

www.annals.org

Annals of Internal Medicine « Vol. 163 No. 6 (Supplement) * 15 September 2015

Downloaded From: http://annals.org/ by Vineet Chopra on 09/14/2015



Appendix Table 2. Characteristics of MAGIC Panel Members

Panelist

Title

Affiliation

Clinical Specialty

Area of Technical Expertise

Agnes Y. Lee, MD, PhD

Anthony Courey, MD

Elie Akl, MD, MPH, PhD

Jack LeDonne, MD

Mauro Pittiruti, MD

Nancy Moureau, RN

Naomi O'Grady, MD,
PhD

Nasia Safdar, MD, PhD

Rajiv Saran, MD, MRCP,
MS

Lakshmi Swaminathan,
MD

Scott O. Trerotola, MD

Dana Wanschneider, RN

Scott C. Woller, MD

Stephen Wiseman,
PharmD

Georgiann Ziegler

Medical Director, Thrombosis
Program; Associate
Professor of Medicine

Assistant Professor of
Medicine

Director, Clincial
Epidemiology Unit;
Co-director, Center for
Systematic Reviews in
Health Policy and Systems
Research (SPARK)

Director of Vascular Access
Programs; Past President,
Association of Vascular
Acccess

Director of Vascular Access
Director, GAVeCel T

Chief Executive Office;
Director of Vascular
Education

Director of Procedures,
Vascular Access and
Concious Sedation

Associate Professor of
Medicine; Medical Director,
Infection Control; Associate
Chief of Staff for Research

Professor of Medicine and
Epidemiology; Director, US
Renal Data System
Coordinating Center;
Associate Director, Kidney
Epidemiology and Cost
Center, University of
Michigan

Staff Hospitalist; Physician
Champion, HMS PICC
Quality Improvement
Project*

Professor of Radiology;
Associate Chair and Chief of
Interventional Radiology

Vascular Access Nurse

Associate Professor of
Medicine

Clinical Pharmacy Specialist;
Assistant Professor of

Pharmacy

Patient Representative

University of British Columbia;
Vancouver Coastal Health;
British Columbia Cancer
Agency; Vancouver, British
Columbia, Canada

University of Michigan, Ann
Arbor, Ml

American University, Beirut,
Lebanon; Department of
Clinical Epidemiology and
Biostatistics, McMaster
University, Hamilton, Ontario,
Canada

Greater Baltimore Medical
Center, Baltimore, MD

Catholic University, Rome, Italy

PICC Excellence, Inc., Hartwell,
GA

National Institutes of Health
Clinical Center, Bethesda,
MD

University of Wisconsin; William
S. Middleton Memorial
Veterans Hospital; Madison,
Wi

University of Michigan
Ann Arbor, Ml

Oakwood Health System,
Dearborn, Ml

University of Pennsylvania,
Philadelphia, PA

St. Josephs Mercy Health
System, Ann Arbor, Ml

Intermountain Medical Center;
University of Utah School of
Medicine, Salt Lake City, UT

University of Michigan; VA Ann
Arbor Healthcare System
Ann Arbor, Ml

University of Michigan Health
System

Hematology and
oncology

Critical care

Internal medicine;
hospital
medicine

General surgery

General surgery
Vascular access
nursing

education
Critical care

Infectious
diseases

Nephrology

Internal medicine

Interventional
radiology

Vascular access

Internal medicine

Pharmacology

Thrombosis in cancer patients

Vascular access and use of
ultrasound in critically ill
patients

Guideline development,
thrombosis,
evidence-based medicine

Vascular access in general
medical and surgical
patients

Vascular access

Vascular access

Guideline development,
central line-associated
bloodstream infection,
critical care

Central line-associated
bloodstream infection

Chronic kidney disease;
vascular access in patients
with end-stage renal
disease

Hospital medicine; patient
safety; quality improvement
in hospitalized medical
patients

Guideline development;
vascular access

Vascular access; nursing

Venous thromboembolism;
anticoagulation
management

Infectious diseases; home
intravenous therapy;
management of parenteral
therapy

Personally experienced
multiple vascular access
devices; insights into the
patient experience

GAVeCelT = Gruppo Aperto di Studio 'Gli Accessi Venosi Centrali a Lungo Termine; HMS = Hospital Medicine Safety Consortium; MAGIC =
Michigan Appropriateness Guide for Intravenous Catheters; PICC = peripherally inserted central catheter; VA = Veterans Affairs.

* A Blue Cross Blue Shield-funded collaborative quality initative focused on improving PICC use in hospitalized medical patients in 47 particiating
hositals in the State of Michigan.
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Appendix Table 3. Sample Lists of Thematic Concerns Raised by Panelists*

Theme or Area

Question or Top Concern

Appropriateness of PICC placement
and concerns regarding device

selection

Issues related to device insertion

and selection of PICC
characteristics

Process concerns regarding

utilization

Identifying best practices for
treatment and prevention of

PICC-related DVT

Management of specific
complications

Is the request for a PICC appropriate for what is needed (i.e., does the entity to be infused require a PICC, or
will a midline or peripheral catheter suffice?

Overuse of PICC for long-term care when tunneled, cuffed catheters (Hickman, cuffed Groshong, Broviac, etc.)
or port would be more appropriate

PICCs ordered or maintained for blood draws—is this appropriate?

PICCs ordered without trying other devices

PICCs ordered when all else fails for 1-3 doses of an infusion—is insertion appropriate?

Is location of the tip of the catheter in the right atrium acceptable?

Are dedicated lumens for parenteral nutrition still needed?

How many lumens are appropriate for a given use?

Increasing use of PICCs when peripheral catheters may work? How can we drive this down?

Unnecessary number/size of PICC lumens

Implications of ordering chest radiographs for "PICC placement only" that are otherwise abnormal

Patient “requested” PICC line appropriateness

How do we resolve disagreement with radiology on where a PICC is located on chest radiograph?

Strategies to minimize idle PICC-days

When should PICC tips be adjusted for optimal positioning?

Optimal treatment is undefined. That covers everything from line removal? Anticoagulation? Duration and
intensity of anticoagulation

Prophylaxis: Is primary prophylaxis indicated in those with "high-risk" factors? What are these factors, and if they
are present, how do we provide primary prophylaxis?

Prophylaxis: Is secondary prophylaxis indicated? I've had many patients who had a CRT as the index thrombotic
event but then re-present with a DVT/PE. Is the risk for recurrence high enough to warrant secondary
prophylaxis? If a patient develops DVT and still requires central venous access, should we leave the catheter
in situ?

If a symptomatic DVT is not improving clinically with a PICC in situ, how long should we wait before removing
the PICC or calling IR?

If a PICC is pulled out from original position, how far can it migrate out before it has to be pulled/replaced?

Is it appropriate to empirically pull a PICC without other evidence of line infection?

PICC in place when bacteremia occurs but no evidence of CLABSI-remove or treat through?

Optimal timing of placement in bacteremia for long-term antibiotic treatment?

CLABSI = central line-associated bloodstream infection; CRT = catheter-related thrombosis; DVT = deep venous thrombosis; IR = interventional
radiology; PE = pulmonary embolism; PICC = peripherally inserted central catheter.
* Edited by the authors for readability. Questions were selected at random from several panelists to illustrate the depth and breadth of focus.

Appendix Table 4. Example Scenarios From Ratings Material

How appropriate is the Peripheral US-Guided Midline PICC Nontunneled Tunneled, Port

use of each of the IV Catheter Peripheral Catheter Ccvc Cuffed

following vascular IV Catheter Catheter

access devices to

obtain venous access

for infusion of

therapeutics and/or

lab draws in a patient

who is likely to

be hospitalized for a

potential duration of:*

<5d? 123456789 123456789 123456789 123456789 123456789 123456789 123456789
6-14 d? 123456789 123456789 123456789 123456789 123456789 123456789 123456789
15-30d? 123456789 123456789 123456789 123456789 123456789 123456789 123456789
>31d? 123456789 123456789 123456789 123456789 123456789 123456789 123456789

Compared with PICCs, how preferable is the use of a midline in a hospitalized medical patient who requires
venous access for infusion of a nonirritant, nonvesicant therapy for a proposed duration of:

Preference of
Midline Catheter vs.

PICCt
<5d? 123456789
6-14d? 123456789
15-30d? 123456789
=31d? 123456789

CVC = central venous catheter; IV = intravenous; PICC = peripherally inserted central catheter; US = ultrasonography.
* Rating scale: 1 = highly inappropriate; 5 = neutral or uncertain; 9 = highly appropriate.
T Prefer midline catheter = 1; prefer PICC = 9.
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Continuing Medical Education/Maintenance of Certification Activity

In addition to CME credit, physicians enrolled in the American Board of Internal Medicine’s (ABIM) Maintenance
of Certification (MOC) program can earn 8 medical knowledge self-assessment points for successful completing the
following module online. To earn 5 CME credits, please take this quiz at www.annals.org/article.aspx?doi=10.7326
/M15-0744. To earn MOC points, you must take the MOC quiz at www.acponline.org/magicmoc; successful com-
pletion qualifies for 8 MOC points, and this information will be transferred to the ABIM.

These CME and MOC activities are free to ACP members and individual subscribers to Annals of Internal
Medicine. Others who are interested in completing this MOC activity can learn more about ACP membership and
individual subscriptions to Annals of Internal Medicine at www.acponline.org.

Question 1: The RAND/UCLA Appropriateness Method was developed to:
A. Examine risks and benefits of medical and surgical procedures, regardless of their cost to estimate the over-
or underuse of specific medical and surgical procedures
B. To determine whether specific medical interventions are cost-effective.
C. Develop consensus regarding appropriate medical and surgical procedures from a multidisciplinary panel.
D. To determine whether insurers should cover the cost of an intervention

Question 2: According to the RAND/UCLA Appropriateness Method, which of the following is the hallmark of an
"appropriate” rating?
A. When all participating panelists agree on the appropriateness of a clinical scenario.
B. When the expected health benefits exceed the expected negative consequences and the panel median rating
is 7 to 9 without disagreement.
C. When the majority of the panel rates the clinical scenario as highly appropriate.
D. When no panel member rates the clinical scenario as inappropriate.

Question 3: According to the RAND/UCLA Appropriateness Method, which of the following indicates an “uncertain”
rating?

A. When the panel median ranges from 4 to 6, or there is disagreement regardless of the median.

B. When the panel median ranges from 1 to 3.

C. When the panel median ranges from 7 to 9.

D. When the panel median ranges from 5 to 7.

Question 4: Which of the following information sources was not used to develop the clinical scenarios for rating the
appropriateness of various intravenous devices in this document?

A. Systematic reviews of the literature

B. List of controversial topics/key problems generated by experts

C. Clinical areas of ambiguity, controversy, or uncertainty

D. Medicare coverage of the procedure

Question 5: For this project, which of the following elements was NOT used to develop the clinical scenarios or
indications that were rated by panelists?

A. Proposed duration of venous access

B. Device characteristics

C. Patient preference

D. Maintenance and care practices

Question é: In this project, a multidisciplinary panel of experts rated the appropriateness of a number of vascular
access devices. Which of the following indications were rated as appropriate for use of peripherally inserted central
catheters?
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A. Placement in a patient with active cancer for cyclical chemotherapy that can be administered through a
peripheral vein, when the proposed duration of such treatment is 3 months or less and peripheral veins are
available.

B. Delivery of non-peripherally compatible infusates (e.g., irritants/vesicants) regardless of proposed duration of
use.

C. Patient or family requests for a patient who is not actively dying/on hospice for comfort from daily lab draws.

D. Medical or nursing provider request in the absence of other appropriate criteria for peripherally inserted
central catheter use.

Question 7: In this project, a multidisciplinary panel of experts rated the appropriateness of practices associated with
a number of venous access devices. Which of the following practices were rated as appropriate for peripherally
inserted central catheter insertion?
A. Urgent requests for peripherally inserted central catheter placement in a hemodynamically unstable patient in
the wards or intensive care unit setting.
B. Routine use of chest radiographs to verify peripherally inserted central catheter tip positioning following
uneventful placement via EKG guidance or fluoroscopy by staff who are technically proficient in this technology.
C. Preferential placement of a peripherally inserted central catheter based on the patient’s arm dominance.
D. Consult with a relevant specialist (e.g., infectious disease, heme-oncology), operator (vascular access profes-
sional), and/or hospital pharmacist prior to ordering a peripherally inserted central catheter to determine
optimal device choice and characteristics.

Question 8: Which of the following were rated as an appropriate practice for peripherally inserted central catheter
care or maintenance by this multidisciplinary panel?
A. Removal of a peripherally inserted central catheter by a health care team member trained to remove central
venous catheters, but not specifically trained to remove a peripherally inserted central catheter.
B. Removal of a peripherally inserted central catheter that is clinically necessary, centrally positioned, and
otherwise functional in the setting of arm deep venous thrombosis.
C. Use of normal saline rather than heparin to flush a peripherally inserted central catheter following infusion or
phlebotomy.
D. Routine removal and/or replacement of a peripherally inserted central catheter that remains clinically neces-
sary without objective evidence of catheter-associated bloodstream infection in febrile patients.

Question 9: Which of the following was rated as an appropriate practice when caring for peripheral intravenous
catheters?
A. Routine replacement or continuation of a peripheral intravenous catheter in the absence of a clinical indica-
tion warranting continued use.
B. Removal of a peripheral intravenous catheter in the setting of redness, swelling, pain, or phlebitis over the
vein of insertion.
C. Replacement of a peripheral intravenous catheter on the basis of a routine schedule in the absence of
redness, swelling, or other signs of inflammation.
D. Removal of a functioning peripheral intravenous catheter because it was inserted in the field (e.g., ambulance
or nonhospital site) in the absence of redness, tenderness, or swelling over the insertion site.

Question 10: For the indication of infusion of peripherally compatible fluids, which of the following vascular access
devices was rated as neutral for a proposed infusion for 6 to 14 days?

A. Ultrasound-guided peripheral intravenous catheters

B. Midlines

C. Peripherally inserted central catheters

D. Peripheral intravenous catheters

Question 11: For the infusion of peripherally compatible fluids, which of the following vascular access devices were
rated as inappropriate for a proposed duration of 31 days or more?
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A. Peripherally inserted central catheters
B. Ultrasound-guided peripheral 1Vs

C. Implanted ports

D. Tunneled catheters

Question 12: According to the Fistula First Breakthrough Initiative, in what stages of chronic kidney disease may use
of peripherally inserted central catheters be considered appropriate following expert consultation with nephrology?
A. Stage 1 only
B. Stage 3b or greater
C. Stage 2 only
D. Stage 1 to 3a

Question 13: For the infusion of peripherally noncompatible fluids in critically ill patients, which of the following
vascular access devices were rated as appropriate and preferred for a proposed duration of 5 days or less?

A. Nontunneled central venous catheters

B. Tunneled catheters

C. Peripheral intravenous catheters

D. Midlines

Question 14: For patients with difficult peripheral venous access, which of the following pairs of vascular access
devices were rated as appropriate and preferred to peripherally inserted central catheters when the proposed
duration of use is 14 days or less?

A. Midlines and ports

B. Nontunneled central venous catheters and ports

C. Midlines and central venous catheters

D. Tunneled-cuffed catheters and peripherally intravenous catheters

Question 15: According to our panel, which of the following was rated as appropriate for the treatment of periph-
erally inserted central catheter-related deep venous thrombosis?
A. Provide at least T month of uninterrupted systemic anticoagulation.
B. Low-molecular-weight heparin over warfarin in patients with cancer.
C. Remove the peripherally inserted central catheter and replace this with another device to prevent clot
propagation.
D. Refer all patients with peripherally inserted central catheter-related deep venous thrombosis to interventional
radiology for evaluation.

Question 16: Among scenarios examining use of vascular access devices in patients that require frequent phlebot-
omy, which of the following statements are true?
A. Central venous catheters were rated as appropriate and preferred to peripherally inserted central catheters
when the expected duration of venous access was 14 days or less in critically ill patients.
B. Ports were rated as appropriate to use in this population, regardless of duration of use.
C. Peripheral intravenous catheters and ultrasound-guided peripheral intravenous catheters were rated as ap-
propriate for use for 5 days or less in patients that require frequent phlebotomy.
D. The most appropriate vascular access device should be determined by patient preference in this setting.

Question 17: Among patients who require frequent phlebotomy for less than 5 days, which of the following resulted
in panelist disagreement regarding appropriateness of device use?

A. Midlines

B. Central venous catheters

C. Peripherally inserted central catheters

D. Ports
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Question 18: Among patients receiving peripherally compatible infusions in home-based or skilled nursing facilities,
which of the following expected durations of use was rated as being appropriate for peripherally inserted central
catheter placement?

A. 6 to 14 days

B. Only 15 to 30 days

C. Only more than 30 days

D. More than 15 days

Question 19: Among patients who are likely to require lifelong venous access but are infrequently hospitalized (<5
times per year), when is use of peripherally inserted central catheters considered appropriate according to this
panel?

A. When expected duration of venous access is 5 days or less.

B. When the expected duration of venous access is 6 to 14 days.

C. When the expected duration of venous access is 15 or more days.

D. When the expected duration of access is not well-known.

Question 20: In critically ill populations, which of the following expected durations of venous access were rated as
appropriate for midline insertion and use?

A. 5 days or less

B. 6 to 14 days

C. 15 to 30 days

D. More than 30 days

Question 21: A patient is diagnosed with active cancer and is recommended multiple cycles of nonvesicant, inter-
mittent chemotherapy that can be administered into a peripheral vein for a total duration of 1 month. Based on the
recommendations of this panel, which of the following vascular access devices is considered appropriate for this patient?

A. Peripherally inserted central catheters

B. Intermittent use of peripheral intravenous catheters

C. Ports

D. Tunneled-cuffed catheters

Question 22: A patient with an unknown stage of chronic kidney disease is admitted to the hospital with pneumonia
and is likely to require venous access for 5 days or less. However, the patient is a “difficult stick” and nurses are
having trouble establishing reliable peripheral access. According to this panel, which of the following are appropri-
ate in this particular setting?
A. Because of the ambiguity regarding the stage of CKD, consultation with nephrology is appropriate prior to
peripherally inserted central catheter insertion for any reason.
B. Should the patient be determined to have stage 3b or greater CKD or is possibly a candidate for hemodialysis
(with estimated GFR < 45 mL/min), insertion of a peripherally inserted central catheter is appropriate.
C. If peripheral venous access for 5 days or less is likely, placement of a peripheral intravenous catheter in the
dorsum of the hand is considered inappropriate.
D. Should longer-term intravenous antibiotics be necessary, placement of a small-bore central catheter for
infusion of 14 days of intravenous antibiotics is inappropriate in patients with stage 3b or greater CKD.

Question 23: A patient is being discharged from the hospital to a local skilled nursing facility for continuation of a
planned 6 weeks of intravenous antibiotics. According this panel, which of the following vascular access devices are
considered appropriate for this patient in this scenario?

A. Nontunneled central venous catheter

B. Peripheral intravenous catheter

C. Midline

D. Peripherally inserted central catheter
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Question 24: A patient with an existing peripherally inserted central catheter is admitted to the hospital. A portable
chest radiograph performed to ascertain the catheter tip position shows this to be located approximately 1 cm within
the right atrium. Based on the recommendations of this panel, which of the following is the most appropriate next
course of action?

A. Adjust peripherally inserted central catheter so as to localize the catheter tip in the cavoatrial junction; repeat

chest radiography to confirm.

B. No further action is needed; the catheter is well-positioned and okay to use.

C. Withdraw tip so as to localize the catheter tip in the lower third of the superior vena cava.

D. Perform computed tomography to confirm catheter placement.
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