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a b s t r a c t

Peripherally inserted central catheter (PICC) is extensively used in critical care settings, because it plays a
vital role in providing safe central venous entry. However, PICC is associated with several complications,
which should be detected to shorten the duration of patients’ improvement, reduce health care cost, and
lessen the incidence of various PICC-related complications. Therefore, this study aimed to outline current
literature on PICC procedures, potential complications, and measures for prevention. Understanding
evidence-based guidelines regarding insertion technique, early detection of complications, and care
bundle of PICC is significant in complication prevention. Implementation of education, training, and
appropriate multidisciplinary approaches on PICC care among nurses and caregivers is the key to pre-
venting complications. Thus, the strict care of indwelling PICC lines, the targeted and reasonable PICC-
associated complication prevention, and nursing care have a major clinical significance in reducing the
occurrence of potential PICC complications.
© 2019 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Since the 1980s, peripherally inserted central catheters (PICC)
have been popularly used to smoothen vascular access since the
1980s. Critically ill patients are at elevated risk of potentially life-
threatening complications; therefore, PICCs play a pivotal role in
providing care for those patients because they serve as central
venous access for antibiotics and chemotherapeutic agents during
long-term intravenous drug therapy [1,2]. PICCs are inserted in
more than 2.5 million people worldwide annually in acute care
facilities and in about 5 million people in the United States [3]. PICC
has become a salient tool for critically ill adults and children,
because it provides long-term intravenous access due to its
different advantages, including ease of insertion, short procedure
time, few complications [4,5], reliable form of intravenous (IV) ac-
cess, and high rate of patient satisfaction [6]. Although PICC has
numerous benefits, some literature reported an increased risk of
PICC-related complications, including venous thrombosis, catheter-
related bloodstream infection (CRBSI), and mechanical failure (PICC
ing Association.
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migration, fracture, and obstruction) [7e14]. Some studies reported
infection as the most common and severe complication of PICC
[6,7]; its incidence rate varies from 16.4% to 28.8% [15]. Similarly,
several studies have shown that critically ill patients are at risk of
PICC-related thrombosis, thereby making it the second major
complication [6,7]. According to one study [16], the prevalence of
PICC-associated venous thrombosis in critically ill patients is 13%e
91%. Overall, complication rates increase in oncology patients from
35% to 65% [17]. Likewise, PICC-related mechanical complication is
reported in a broad range of rates from 0 to 48% [18].

The ongoing occurrence of PICC-related complications is a
concern. Several studies were done to prevent such difficulties. The
PICC team should adopt interventions for patients to minimize
complications, which may differ from patient to patient.
Strengthening the practice of sterile technique, strictly disinfecting
the puncture site, hand washing before handling the catheter, and
reducing manipulations can also prevent catheter line-associated
bloodstream infections [17]. Similarly, a retrospective study
demonstrated that confirming PICC tip in the distal third of the
superior vena cava (SVC) by using either post-procedure chest X-
ray or ultrasound (US)-guided PICC placement can effectively
alleviate PICC-related deep vein thrombosis in the upper extremity
(UEDVT) [19,20], with an incidence rate ranging from 4.8% to 2.9%
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[21]. Thus, reviewing current scientific evidence regarding PICC
complications and its preventive measurements is important so
that nurses and caregivers dealing with PICC would be aware of the
standard practices in minimizing the complication rates. Conse-
quently, patients with PICC may gain satisfaction and quality of life
during the course of their treatment. By contrast, scientific evi-
dence on measures to prevent PICC complications in general is
limited. Hence, we seek to devise information that can help to
implement strategies to improve the patient outcome and reduce
health care costs and incidence of PICC-associated complications to
fill these knowledge gaps. Our study aims to furnish an overview of
the current literature concerning PICC-related complications and
prevention strategies.

2. Search methods

A literature search was done through Cumulative Index of
Nursing and Allied Health Literature, PubMed, Embase, and Google
Scholar for articles, including PICC and its complications. Preven-
tive measures published from 2006 to 2017 were the focus of the
search. The following keywords were used: complication, critical
care, critically ill, PICC, and prevention. The Boolean phrases used to
clarify the search quality results were as follows: “PICC & critical
care” “PICC & ICU” “PICC & critically ill” “PICC & complication” and
“PICC & prevention”. Reference lists of the selected articles were
evaluated for additional papers. Articles were considered suitable
for the inclusion criteria if they evaluated the preventive measures
of PICC-associated complication in critical care settings. We
excluded studies that focused on PICC outside the hospital setting,
as well as those that are not in English, pre-2006 dated, and un-
published research theses and dissertations.

3. Current PICC application situation

Currently, PICC insertion is carried out via aseptic technique by a
dedicated professional team of trained nurses and physicians
[7,12,18,22] in a separate sterile ward [22]. Catheter length is
measured from insertion point to the middle point of the sternum
or up to the xiphoid process according to the indwelling vein. A
catheter is inserted through blind cannulation or without US
guidance, and a catheter tip position is later on confirmed radio-
graphically [18,20]. On the contrary, routine portable US is carried
out to identify a suitable vein for insertion before PICC placement,
whereas chest radiography is done to ensure the position of the
catheter tip at the distal third of SVC [12,22e24]. The catheter
introduction site is fixed with suture free technique, as it has a
significant decrease in dislodgement and unplanned removal
compared with tape securement [13] and is later dressed with
chlorhexidine-impregnated transparent films. Similarly, the cath-
eter is flushed with 10ml normal saline (NS) immediately after
placement, each use, and once a week when not in use [7,13,20,21].
However, the concept of using NS for flushing and locking is not
easily accepted by Chinese PICC nurses, as they prefer regular
heparin saline (HS) for flushing and locking of a catheter in
everyday nursing practice until now [25]. The PICC size used is 4F or
5F according to the vein diameter, and 5F PICC is only considered for
a patient who requires TPN [12]. Dressing for the hospitalized pa-
tient must be changed every 7 days or as needed (if drainage,
bleeding, or moisture is present) [18]. Relatively, polyurethane
PICCs are increasingly favored by manufacturers because of their
high flexibility and great wall strength, which allow the production
of small-sized and high-flow catheters with great inner lumina
[7,13,26] and the significant tolerance to high flow rates with low
risk of rupture [27]. Recently, the trend of using polyurethane PICC
lines dominated the market, with 70% of all PICC lines
manufactured from polyurethane material seen in the United
States. This rate may rise to 95% by 2017, thereby limiting silicon
catheters nearly out of market [27].

4. PICC procedure pathway

Standards for PICC insertion are needed to support and intensify
best nursing practice to promote patient safety and welfare. The
following steps serve as basis for specific nursing protocols, pol-
icies, and procedures developed accordingly.

� The purpose of procedure must be explained to the patient and
family members prior to starting any procedure.

� The arrangement of required equipment and the procedure
must be carried out by various trained personnel, including a
specialized trained nurse, anesthesiologist, and interventional
radiologist, either in bedside or operating room or specialized
sterile area [7,12,13,18,22], according to hospital policy.

� The skin must be prepared by applying chlorhexidine solution
before catheter insertion [13,20,28,29], and the surrounding
area must be covered with sterile drapes to limit infection. Hand
hygiene, gloving, masking, and gowning are essential for care
providers [15,20].

� The tourniquet must be placed just below the shoulder, a sterile
gel must be applied at the expected site of cannulation, and the
suitable vein for venipuncture must be determined through US
guidance to improve the successful access [12,13,20,22e24,30].

� Lidocaine 1% is injected intradermally under sterile conditions.
A thin needle must be inserted systematically into the vein
under US guidance, and the needle insertion site must be
enlarged by using a scalpel blade to introduce the guide-wire
through the needle. The tourniquet must be loosened once
blood return is observed. Then, the needle must be removed,
and the PICC line must be inserted through the vein over the
guide-wire to the SVC [7,30,31].

� The indwelling guide-wire must be pulled out, and the injection
cap must be attached to the catheter hub.

� The catheter should be measured again for blood return and
flushed with NS; the catheter tip position at the distal third of
SVC must be verified via chest radiography [7,13,20,21,30,31].

� Last, the catheter insertion site must be fixed with the suture-
free technique and dressed with chlorhexidine-impregnated
transparent films [13,32].

� Post-operative management is significant for maintaining PICC
patency and preventing complications. Proper hand hygiene and
aseptic technique should be practiced during handling, chang-
ing the dressing, administration of intravenous infusions and
medications, and replacement of soiled dressing at regular time
intervals [15,17,22,24,31,33].

� Recording and reporting are done to monitor a patient's con-
ditions and progress and to communicate with other caregivers,
which help maintain effective care and prevent potential PICC-
associated complications.
5. Complications

5.1. Factors associated with complications

5.1.1. Patient status
Critically bedridden ill patients for >72 h are likely to have

elevated D-dimmer and comorbidities, which are the leading cau-
ses of PICC-related venous thrombosis [16]. Studies show that pa-
tients whose PICC tips are positioned in regions other than the SVC
have felt higher venous thrombosis [8,19,20,34]. Also, a patient
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receiving erythropoietin-stimulating agents and specific chemo-
therapeutic agent (e.g., fluorouracil and capecitabine) infusion may
be at increased risk of PICC-DVT (Deep vein thrombosis)
[12,19,22,35]. Furthermore, immunosuppressed patients are likely
to develop catheter-related infections [1,34,36]. After a successful
placement, patients’ abnormal movements and high intracranial
pressure with severe nausea, vomiting, hiccups, and constipation
may lead to mal-positioning of the catheter tip [35,37,38]. Barrier
et al. [10] found that patients with <14 days PICC who received
more than four doses of antimicrobials daily also experienced high
complication rates.

5.1.2. Vein selection
Comparatively, a catheter inserted into small veins within the

upper extremity causes decreased blood flow than that inserted
into the central veins, which is a plausible etiology of increased
PICC-related thrombosis [19,22,39]. As reported, placement of the
catheter into an azygous vein is rare. However, azygous catheter tip
placement can be used as an alternative in a patient with co-
morbidities, such as severe venous occlusion; this vein is highly
responsive to complications [9]. Also, placement in the small vessel
(6e8mm) results in an increased chance of thrombus develop-
ment, vessel aperture, stenosis, and extravasation, [19,22,40].
Hence, the insertion of the PICC line other than in veins of the arm
(e.g., chest, groin, and neck) is associated with the risk of infection;
only few organisms may be found on the arm because of its dis-
tance from the mouth and the nose [7,14].

5.1.3. Catheter choice
PICC materials are correlated with a variable incidence of

infection. For instance, silicone catheter is associated with a
prominent infection risk and microorganism colonization
compared with polyurethane catheter [7,13,27]. The absolute
catheter resembles a single lumen polyurethane catheter with a
small diameter and high volume. A large PICC may increase venous
thrombosis and occlusion incidence [13], although this assumption
has not been proven in a randomized study. The use of PICCs �5F
diameter increased UEDVT ratios [6,12]. Also, double lumen PICCs
are associated with higher complication rates (30.8/1000)
compared with single lumen PICCs (17.2/1000) with a smaller
gauge [10]. Liem et al. [6] described the close relationship between
PICC diameter and thrombosis, with thrombosis rate of 1% with 4F,
6.6% with 5F, and 9.8% with 6F; thrombosis was not associated with
3F PICCs. Similarly, the use of large PICCs may increase the likeli-
hood of thrombosis [13], whereas a small catheter can cause me-
chanical problems [13,37,39]. However, this assumption has not
been endorsed in randomized studies. Lack of timely flushing of the
catheter may also cause catheter blockage, because the blood
attached to the wall of a tube may pile up. Small lumen diameter
leads to high chance of blockage occurrence [37]. Also, to allow
blood to pass through the heart carrying the catheter towards the
vena cava, it is imperative to consider slow insertion of the.
Accelerated threading the catheter may enhance the risk of cath-
eter malposition [22,35].

5.2. Caregiver factor

Several studies found that inadequate knowledge and practice
of healthcare personnel regarding PICC insertion and caring tech-
nique may lead to various complications. Failure to follow aseptic
techniques during catheter insertion and routine caremaintenance,
lack of education and skill to assess the sign of infection, and poor
hand hygiene, while caring for the patient [7,13,18,21,29,41], are the
primary causative factors of catheter-related infection.
5.3. Major complications

Major complications can be defined as severe PICC complica-
tions that often result from the early removal of the peripherally
inserted central catheter line. Infections/sepsis, thrombosis, and
mechanical failure are the three major types of complications
[1,7,10,42].

5.3.1. Infective complication
A retrospective evaluation [43] was conducted to appraise the

complication rate of bedside PICC insertion in the ICU during 1 year,
and central line-associated bloodstream infection rate is 2.92%,
whereas the prospective study by Bertoglio et al. [12] reported 2.1%
catheter-related infective complication (0.95%) per 1000 catheter
days; similarly, Yap et al. [42] reported 5.7% or 0.73% complication
per 1000 catheter days. Furthermore, Fairhall [7] reported a PICC-
associated infective complication rate of 4.3% at a rate of 0.49 per
1000 catheter days compared with another study, where infection
rate occurred with a higher rate of 25.3% at a rate of 11.1 per 1000
catheter days [44]. Likewise, Levy et al. analyzed 279 peripherally
inserted central catheters placed in a tertiary care pediatric hospital
and reported a total infection rate of 4.4/1000 catheter days [13]. As
discussed, various factors contribute to PICC-associated complica-
tions, which must be addressed and minimized accordingly.

5.3.2. Thrombosis formation
Several studies have reported that critically ill patients have a

high chance of having PICC-related venous thrombosis [41,45e47],
which is supported by the retrospective cohort study of Nolan et al.
in the medical intensive care unit at Mayo Rochester between 2012
and 2013. They estimated the incidence rate of catheter-related
deep vein thrombosis to be 4% and 1% (4.6 and 3.1 per 1000 cath-
eter days). Likewise, a meta-analysis by Chopra found that the
incidence of PICC-associated venous thrombosis in a critically ill
patient was 13%e91% [16]. A prospective study by Walshe et al.
reported a complication rate of 32.8% and 10.9/1000 PICC days
among 351 cancer patients [44].

A prospective study by Bertoglio et al. [12] reported 11.7%
catheter-related venous thrombosis complication (0.30%) per 1000
catheter days. Yap et al. [42] reported a catheter-related thrombosis
rate of 4.5% or 0.58% complication per 1000 catheter days.
Furthermore, Fairhall [7] reported a PICC-associated thrombosis
complication rate of 2.4% at a rate of 0.28 per 1000 catheter days
compared with another study, in which deep vein thrombosis rate
occurred at a lower rate of 0.7% (0.30 per 1000 catheter days) [44].
The smallest PICC that likely meets the patient's need should be
inserted, and a post-insertion X-ray should be conducted to assure
that the catheter tip resides in the lower third of the SVC to mini-
mize the chance of thrombus formation [7].

5.3.3. Mechanical failure
Mechanical catheter complications are rarely life threatening,

but theymay also result in the obstruction of treatment and require
the replacement or removal of PICC. Inner lumen occlusions are
commonwith rates of up to 10.6/1000 PICC days [13]. A prospective
study by Bertoglio et al. [12] reported 4% catheter-related occlusion
complications (0.41%) per 1000 catheter days, and Yap et al. [42]
reported 3.4% catheter-related obstruction rate. Furthermore, Fair-
hall [7] reported a PICC migration rate of 4.2% at a rate of 1.69 per
1000 catheter days compared with another study, which reported a
catheter damage rate of 32.8% (14.4 per 1000 catheter days) [44].
Catheter malposition also causes thrombosis. Nurses must be alert
to mechanical complications, because coughing and vomiting are
very common symptoms in critically ill patients. Malposition leads
to serious complications, and must thus be confirmed via a chest x-
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ray to ascertain the distal tip position. For instance, the PICC tip
positioning proximal to the superior vena cava (SVC) leads to
thrombosis formation and phlebitis; if the peripherally inserted
central catheter tip is misplaced into the distal right atrium or right
ventricle, cardiac arrhythmias may occur [6,7,16,48]. Therefore,
ensuring the catheter tip position is important in preventing
catheter migration or dislodgement. The incidence of catheter
migration or dislodgement, including catheter slide or extrusion
and catheter drift is 5%e31% [6].

Overall, different types of complication rates in critically ill pa-
tients were reported in literature. This study featured infection,
deep vein thrombosis, and mechanical failure as the most common
complications. Comparison of the complication rates in four studies
shows that an infection is the most frequently occurring compli-
cation, which is followed by thrombosis in the study of Bertoglio
[12] and Yap et al. [42], and by mechanical failure in Fairhall [7],
Bertoglio [12], Haider [44], and Yap et al. [42]. One of the objectives
of the current study was to position the finding on PICC compli-
cation rate in critically ill patients. This purpose has proven to be
challenging, as this study also aims to focus on prevention strate-
gies according to the findings. The findings and possibilities of the
study indicate why PICC must be discussed. Table 1 outlines the
comparison of different PICC complication rates in critically ill
patients.

5.4. Minor complications

Minor complications are those that can be corrected with
secondary treatment and do not require PICC removal. Some of
these complications are phlebitis of a catheterized vein, pain or
bruising at the site, skin reactions to the dressing covering the
insertion site, sluggish blood withdrawal, or resistance when
flushing the PICC [7,13,49]. Such problems do not need hospitali-
zation >24 h and re-hospitalization except for clinical evaluation
[50]. Skin reactions to the dressing are common but usually
respond well to minor treatment. As soon as the dressing is
changed, the skin reaction typically remains after a few days.
Inflammation of the intima of a vein is characterized by pain,
redness, and swelling at the site is phlebitis. It can occur within
the first 24 h and commonly responds well to hot compress.
Flushing or sluggish blood withdrawal resistance may be due to
fibrin sheath formation around the catheter or a fibrin tail at the
distal end of the catheter. This resistance can usually be corrected
by instillation of urokinase [7,25,29,30]. Therefore, minor PICC line
complications can often be corrected with conservative manage-
ment or minor treatments, and do not require early PICC line
removal.

6. Preventive measures of complications

6.1. Infection prevention

Infection is the most severe common complication of PICC and
also life threatening if not corrected in time. The PICC team should
extend the concept of strict sterile technique and disinfection
Table 1
Comparisons of PICC complication rate in critical care setting.

Study Number of patient Number of PICCs Complicatio

Infection

Fairhall [7] (2008) 156 164 4.3 (0.49)
Bertoglio et al. [12] (2016) 267 291 2.1 (0.95)
Haider [42](2009) 146 146 25.3 (11.1)
Yap et al. [44] (2006) 73 88 5.7 (0.73)
puncture site. The more frequently the dressing is disturbed; the
more likely does the Central Venous Access Device (CVAD)
insertion site interferes with higher potential for infection
[8,15,29,33,49,51]. Transparent dressing should be preferred
because it can be left in position for seven days, which provide its
integrity without compromise. Also, using transparent dressing
helps to easily observe cases of damage, wet foil, foreign bacteria,
and the presence of blood oozing from the insertion site, thereby
contributing to the detection of infection on time
[20,32,37,52e55]. A study suggested that the incidence of colo-
nization infections and CRBSIs could efficiently be reduced
following the Central Line Bundle (CLB) guideline; catheter-
related infections (CRIs) decreased from 10.0 per 1000 catheter
days to 2.2 per 1000 catheter days before and after the interven-
tion, respectively, and colonization infections decreased from 6.9
per 1000 catheter days to 2.2 per 1000 catheter days [15]. CBL
guidelines have the following conditions: hand hygiene, dressing
management, filling and sealing the catheter tube, and daily as-
sessments by duty nurses. Hand hygiene can be maintained by
disinfecting the hands, strict hand washing with the seven-step
hand washing method, and maximal barrier precaution (mask-
ing, gloving, gowning, and using sterile drapes) before inserting
the PICC and touching the catheter or dressing [1e3,15,56,57].
Likewise, a dressing has to be done the day after catheter insertion
and changed every week afterward. There is a need to assess
catheter and dressing daily by responsible duty nurses for redness,
swelling, and inflammation; nurses should also present an eval-
uation for the need to remove the catheter according to clinical
indications [15,56e58]. Infection preventive strategies also
include education and training of healthcare personnel
[7,13e15,21,28,29,41,43] who take part in catheter insertion and
maintenance by using maximum sterile barrier precaution during
catheter insertion and 2% chlorhexidine for skin antisepsis
[28,29,33,51,58,59]. A study showed that 2% chlorhexidine-based
alcohol solution is more efficient for decontamination than
povidone-iodine, which can be used as decontaminant for clean-
ing injection hubs or connectors [29]. Similarly, a randomized
controlled trial was conducted to evaluate the efficacy of three
antiseptic solutions for skin antisepsis at catheter site insertion,
including 10% povidone-iodine, 70% alcohol, and 2% chlorhexidine
gluconate. Chlorhexidine treatment (2%) is associated with the
lowest rate (2.3 per 100 catheter days) of catheter-related infec-
tion, 7.1% for povidone-iodine, and 9.3% for alcohol. This result
suggests that 2% chlorhexidine gluconate solution markedly
decreased catheter-related infection [7]. Simply, the skin is a good
barrier to microorganisms. Once PICC insertion begins, this cuta-
neous barrier is broken and provides an easy access to microor-
ganisms. Thus, a significant infection prevention strategy is to
disinfect the skin before PICC insertion and to care for it thereafter.
Comparatively, NS has several advantages over heparin solution. It
prevents themanual preparation of HS by nurses, which is a risk of
transmitting contamination that results in BSI. Thus, NS is
considered essential in preventing and controlling infusion-
related infection [13,20,25,30,60] (Table 2).
n rate [% (per 1000 catheter days)] Removal due to complication
[% (per 1000 catheter days)]

Deep vein thrombosis Mechanical failure

2.4 (0.28) 4.2 (1.69) 9.75 (1.2)
11.7 (0.30) 4 (0.41) 10 (1.33)
0.7 (0.3) 4.1 (1.8) 32.8 (14.4)
4.5 (0.58) 3.4 15.9 (2.0)



Table 2
Summarization of prevention strategies of PICC associated complications as reported in the literature.

Prevention strategies of PICC associated complications

During Insertion
� Aseptic technique
� Hand washing before insertion and manipulation of a catheter
� Maximal barrier precaution (mask, gown, glove, sterile drapes etc.)
� Appropriate vein selection
� Use of polyurethane catheter
� Determine catheter type and size according to need
� US guidance catheter insertion
� Cutaneous antisepsis; chlorhexidine solution
� Using SecurAcath device
Maintenance
� Confirm catheter tip position (post insertion chest x-ray)
� Remove PICC catheter when no longer essential
� Monitor insertion site frequently
� Replace dressing the day after insertion, then once a week when not in use or whenever required
� Systemic anti-coagulation with a low dose of HS
� Flush catheter with NS before administering any medication using >10ml syringe
Technology
� Urokinase instillation to prevent blood reflux
� Push-pause technique while flushing
� In-service education and training to nurses and caregivers
� Develop specific PICC guidelines and prevention strategies in every PICC unit in the hospital

Note: HS¼ heparin saline; NS¼ normal saline.
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6.2. Prevention of venous thrombosis

PICC-associated DVT can be reduced with increased staff edu-
cation and training on insertion, monitoring, and reporting, and
accurate selection of smaller diameter PICC [39,61], which should
be based on cost-effectiveness, safety, resistance to increasing fluid
volumes, durability, and low complication rates [61]. However, lack
of timely flushing of the tube causes the accumulation of blood
attached to the wall of a conduit, thereby resulting in catheter
blockage. The smaller the lumen diameter, the higher the blocking
rate. Thus, PICC nurses should understand how to conduct the
gentle flush with push pause technique using different types and
specifications of catheters [25,37,62,63]. A retrospective study
found that the incidence of symptomatic catheter-related DVTs was
1% with 4F catheters, which climbed to 9.8% when the 6F catheter
was set [41]. Therefore, 4F catheter use alleviates the rate of
catheter-related DVTs [39,41]. Similarly, a retrospective study
demonstrated that confirming the PICC tip in the distal third of
superior vena cava using either post-procedure chest X-ray or US
guidance PICC placement is effective in alleviating PICC-related
UEDVT [8,17e19,23,24] incidence from 4.8% to 2.9% [21]. US-
guided PICCs have a low rate of thrombosis [20,64] compared
with the previous practice of using anatomical landmarks and
palpation for insertion. The thrombosis rate declined from 9.8% to
1.9% with the use of US guidance [23]. Likewise, low-dose heparin is
commonly administered as a prophylaxis [19,25,62,65] to flush and
lock peripheral venous catheter, thereby maintaining its potency
and preventing venous thrombosis [25]. However, some studies
reported that warfarin at a low dose did not reduce symptomatic or
asymptomatic DVT (RR 0.6, 95% CI 0.3e1.3) [66] and authenticated
that flushing HS and NS have similar rates of lumen occlusion [49].
Thus, the use of pharmacologic prophylaxis in preventing catheter
thrombosis is not suggested in existing guidelines [67]. Hence,
further specific studies regarding flushing solutions and PICC-DVT
seem necessary.
6.3. Prevention of mechanical failure

PICC migration, catheter occlusion by mechanical obstruction,
catheter damage, ruptures, and breakages are types of mechanical
failure. Catheter migration leads to unfavorable outcomes both in
terms of financial aspects and clinical management. Thus, Michael
Rosenberg, an interventional radiologist in clinical practice in the
United States, invented SecurAcath device to minimize the inci-
dence of catheter migration. This device is a subcutaneous
securement system that is placed beside the indwelling catheter to
prevent its migration [7,20,35,38,63]. Applying SecurAcath device
in practice to prevent catheter migration is convenient. US-
guidance PICC insertion not only enhances the success rate of
placement with PICC tip location in the distal third of SVC but also
lowers the incidence of mechanical phlebitis and thrombosis,
reducing trauma caused by failed attempts [7,20,23,64]. Further-
more, silicon (Groshong™) catheters allows blood to reflux inward,
which results in clot formation and the occurrence of snapping or
fracturing compared with polyurethane (Arrow™) catheters.
Hence, silicon catheter may cause more occlusion than poly-
urethane, which is flushed daily when not in use [7]. We can then
assume that mechanical failure, such as occlusion, breakage, and
rupture can be prevented if polyurethane PICC catheter is used.
Polyurethane PICCs have great flexibility and wall strength and is
capable of tolerating high flow rate significantly with a low risk of
rupture [7,27,49]. Another cause of catheter rupture is the acci-
dental application of excessive pressure during flushing because of
using syringes smaller than 10 cc, which cause extreme intra-
luminal pressure to PICC and may result in catheter rupture. Thus,
using 10 cc needles or larger is recommended, because they pre-
vent possible catheter rupture and PICC damage [7,35,39,49,61,65].
6.4. Prevention of minor complication

Minor complications, such as phlebitis of a catheterized vein,
pain or bruising at the site, skin reactions to the dressing covering
the insertion site, sluggish blood withdrawal, or resistance when
flushing the PICC do not need hospitalization for >24 h and re-
hospitalization, except for clinical evaluation; such complications
are common but are usually alleviated by minor treatment
[7,29,35,38,50]. Pain at the introduction site is usually associated
with phlebitis and difficulty in insertion. Heat application over the
cannulated vein improves blood flow, and moving the vein wall off
the catheter and inserting the smallest PICC possible to meet the
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patient's treatment need helps reduce the incidence of mechanical
phlebitis [7,50]. A well-hydrated patient has less chance of having
insertion trauma and phlebitis. Thus, critically ill patients need to
be given 500e1000ml of IV fluids before insertion [7]. Using
polyurethane PICCs is less likely to impede and installation of
urokinase, thereby preventing blood reflux into the catheter tubing
and sluggish blood withdrawal [35,39,61,65]. Likewise, well-
trained nurses must redress the patients and dry the insertion
site to minimize bruising and skin reaction around it.

The role of PICC nurses has changed and has become complex
because of the high demand for education, skills, and new tech-
nology regarding PICC care and its management [45,46,68]. This
factor is the reason for the various challenges that nurses and
caregivers are facing in caring for patients with PICCs. Increased
staff and patient education, trained PICC nurses, and improved
insertion techniques can also reduce the rate of PICC complications
[7,13,14,18,21,29,44,49], which save cost by diminishing PICC rein-
sertion and decreasing thrombolytic agent use [7,14]. Russell E et al.
monitored various suboptimal results among nurses and reported
incidences, such as incorrect documentation, lacking flushing or-
ders, catheter site infection, and improper dressing practice among
nurses caring for patients with PICC [69]. Lack of continuous edu-
cation and training on PICC caregivers was determined as a chal-
lenge for PICC insertion and facilitated the integration of care
among the care providers [70e72]. In-service education and
training for all the working health personnel in a hospital setting in
day-to-day patient care are recommended to upgrade their
knowledge and skills for improved patient prognosis. We can as-
sume that trainees will have good knowledge, improved perfor-
mance, and more confidence in their skills. This assumption is
supported by a study that evaluated a combined theoretical and
practical training course for staff to perform PICC placement. The
result showed a significant improvement between pre-training and
post-training assessment [70]. Hence, providing training, aware-
ness program, and enhancing nursing capabilities are the key fac-
tors in providing PICC-associated risk prevention.

7. Future directions

Although each nurse plays a fundamental role in the manage-
ment of intravenous devices, PICC should be conducted by trained
nurses, physicians, and interventional radiologist because a high
level of education, qualification, and appraisement of knowledge of
institutional guidelines or protocols help in the identification of the
adverse effects of PICC, thereby precluding its potential complica-
tions. A growing number of evidence supports the complications
addressed above, which must be dealt with. The insertion and
maintenance of PICC must be ensured to be within the scope of
clinical practice of all nurses and caregivers involved, which can be
determined by their education, skills, credentials, training, and
maintenance of performance as the desired level of patient's safety.
For the best outcome, improvement in the quality of nursing care
and management that may allow continuity of record, future
studies, and nursing practice enhancement in relation to the
insertion and maintenance of PICC must be emphasized. Develop-
ment of specific prevention strategies and protocols in every PICC
unit is significant. Also, much of the future scientific work will
depend on the improvement of knowledge of the best PICC practice
to decrease patient morbidity, decrease healthcare cost, and to
eradicate PICC-associated complications. Well-trained staff and
application of theoretical knowledge into practice are the most
promising modalities for the future.

Our study involved an ample number of current research con-
cerning PICC in critically ill patients as a whole, and our results may
help health care professionals determine the appropriate PICC
device, procedure, and possible complication and its prevention
with the purpose of mitigating the potential hazards of PICC in
critically ill patients. We included critically ill patients despite our
systematic approach, but a well-distinguished age group was not
considered.

PICCs may serve as safe and valuable options for intermediate to
long-term central venous access in critically ill patients. Under-
standing evidence-based guidelines regarding insertion technique,
early detection of complications, and care bundle on PICC is sig-
nificant in preventing complications. Implementation of education,
training, and appropriate multidisciplinary approaches on PICC
care among nurses and caregivers is key to preventing complica-
tions. However, available data that take all of these factors into
account in the context of critical care settings are inadequate. Well
prospective trials assessing complication and prevention strategies
comparing clinical outcomes of PICC in critically ill population are
highly needed.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijnss.2018.12.007.

References

[1] Baxi SM, Shuman EK, Scipione CA, Chen B, Sharma A, Rasanathan JJ, et al.
Impact of postplacement adjustment of peripherally inserted central catheters
on the risk of bloodstream infection and venous thrombus formation. Infect
Control Hosp Epidemiol 2013;34(8):785e92.

[2] Ugas MA, Cho H, Trilling GM, Tahir Z, Raja HF, Ramadan S, et al. Central and
peripheral venous lines-associated blood stream infections in the critically ill
surgical patients. Ann Surg Innovat Res 2012;6(1):8.

[3] Deshmukh M, Shinde M. Impact of structured education on knowledge and
practice regarding venous access device care among nurses. Int J Sci Res
2014;3(5):895e901.

[4] Cotogni P, Barbero C, Garrino C, Degiorgis C, Mussa B, De Francesco A, et al.
Peripherally inserted central catheters in non-hospitalized cancer patients: 5-
year results of a prospective study. Support Care Canc 2015;23(2):403e9.

[5] Ong B, Gibbs H, Catchpole I, Hetherington R, Harper J. Peripherally inserted
central catheters and upper extremity deep vein thrombosis. Australas Radiol
2006;50(5):451e4.

[6] Liem TK, Yanit KE, Moseley SE, Landry GJ, DeLoughery TG, Rumwell CA, et al.
Peripherally inserted central catheter usage patterns and associated symp-
tomatic upper extremity venous thrombosis. J Vasc Surg 2012;55(3):761e7.

[7] Fairhall M. An observational study of peripherally inserted central cather
(PICC)-Related complications amongst oncology patients [Master Thesis]. New
Zealand: Victoria University of Wellington; 2008. http://hdl.handle.net/
10063/659.

[8] Chopra V, Anand S, Krein SL, Chenoweth C, Saint S. Bloodstream infection,
venous thrombosis, and peripherally inserted central catheters: reappraising
the evidence. Am J Med 2012;125(8):733e41.

[9] Franklin I, Gilmore C. Placement of a peripherally inserted central catheter
into the azygous vein. J Med Radiat Sci 2015;62(2):160e2.

[10] Barrier A, Williams DJ, Connelly M, Creech CB. Frequency of peripherally
inserted central catheter complications in children. Pediatr Infect Dis J
2012;31(5):519.

[11] Sulkowski JP, Asti L, Cooper JN, Kenney BD, Raval MV, Rangel SJ, et al.
Morbidity of peripherally inserted central catheters in pediatric complicated
appendicitis. J Surg Res 2014;190(1):235e41.

[12] Bertoglio S, Faccini B, Lalli L, Cafiero F, Bruzzi P. Peripherally inserted central
catheters (PICCs) in cancer patients under chemotherapy: a prospective study
on the incidence of complications and overall failures. J Surg Oncol
2016;113(6):708e14.

[13] Westergaard B, Classen V, Walther LS. Peripherally inserted central catheters
in infants and childreneindications, techniques, complications and clinical
recommendations. Acta Anaesthesiol Scand 2013;57(3):278e87.

[14] Evans RS, Linford LH, Sharp JH, White G, Lloyd JF, Weaver LK. Computer
identification of symptomatic deep venous thrombosis associated with
peripherally inserted central catheters. AMIA Annu Symp Proc 2007;11:
226e30.

[15] Wang W, Zhao C, Ji Q, Liu Y, Shen G, Wei L. Prevention of peripherally inserted
central line-associated blood stream infections in very low-birth-weight in-
fants by using a central line bundle guideline with a standard checklist: a case
control study. BMC Pediatr 2015;15(1):69.

[16] Pan L, Zhao Q, Yang X. Risk factors for venous thrombosis associated with
peripherally inserted central venous catheters. Int J Clin Exp Med 2014;7(12):
5814.

https://doi.org/10.1016/j.ijnss.2018.12.007
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref6
http://hdl.handle.net/10063/659
http://hdl.handle.net/10063/659
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref16


S. Duwadi et al. / International Journal of Nursing Sciences 6 (2019) 99e105 105
[17] Amerasekera S, Jones C, Patel R, Cleasby M. Imaging of the complications of
peripherally inserted central venous catheters. Clin Radiol 2009;64(8):
832e40.

[18] Ozkiraz S, Gokmen Z, Anuk Ince D, Baris Akcan A, Kilicdag H, Ozel D, et al.
Peripherally inserted central venous catheters in critically ill premature ne-
onates. J Vasc Access 2013;14(4):320e4.

[19] Fallouh N, McGuirk HM, Flanders SA, Chopra V. Peripherally inserted central
catheter-associated deep vein thrombosis: a narrative review. Am J Med
2015;128(7):722e38.

[20] Kelly L. A practical guide to safe PICC placement. Br J Nurs 2013;22(Sup5):
S13e9.

[21] Zochios V, Umar I, Simpson N, Jones N. Peripherally inserted central catheter
(PICC)-related thrombosis in critically ill patients. J Vasc Access 2014;15(5):
329e37.

[22] Liu Y, Gao Y, Wei L, Chen W, Ma X, Song L. Peripherally inserted central
catheter thrombosis incidence and risk factors in cancer patients: a double-
center prospective investigation. Therapeut Clin Risk Manag 2015;11:153.

[23] Stokowski G, Steele D, Wilson D. The use of ultrasound to improve practice
and reduce complication rates in peripherally inserted central catheter in-
sertions: final report of investigation. J Infusion Nurs 2009;32(3):145e55.

[24] Vezzani A, Manca T, Vercelli A, Braghieri A, Magnacavallo A. Ultrasonography
as a guide during vascular access procedures and in the diagnosis of com-
plications. J Ultrasound 2013;16(4):161e70.

[25] Wang R, Zhang MG, Ou Luo LH, Li JX, Tang YJ, Luo YL, et al. Heparin saline
versus normal saline for flushing and locking peripheral venous catheters in
decompensated liver cirrhosis patients: a randomized controlled trial. Medi-
cine 2015;94(31).

[26] So Trerotola, Stravpoulos SW, Mondschein JI, Patel AA, Fishman N, Fuchs B,
et al. Triplelumen peripherally inserted central catheter in patients in critical
care unit: prospective evaluation. Radiology 2010;256(1):312e20.

[27] Seckold T, Walker S, Dwyer T. A comparison of silicone and polyurethane PICC
lines and postinsertion complication rates: a systematic review. J Vasc Access
2015;16(3):167e77.

[28] Tian G, Zhu Y, Qi L, Guo F, Xu H. Efficacy of multifaceted interventions in
reducing complications of peripherally inserted central catheter in adult
oncology patients. Support Care Canc 2010;18(10):1293e8.

[29] Gabriel J. Preventing and managing complications of CVADs. Nurs Times
2013;109(40):20e3.

[30] Potet J, Arnaud FX, Thome A, Weber-Donat G, Konopacki J, Bouzad C, et al.
Peripherally inserted central catheter placement in patients with coagulation
disorders: a retrospective analysis. Diagn Interv Imaging 2015;96(11):
1147e51.

[31] Delarbre B, Dabadie A, Stremler LN, Jolibert M, Cassagneau P, Lebel S, et al.
Introduction of the use of a pediatric PICC line in a French University Hospital:
review of the first 91 procedures. Diagn Interv Imaging 2014;95(3):277e81.

[32] Ullman AJ, Cooke ML, Mitchell LF, New K, Long DA, Mihala G, et al. Dressings
and securement devices for central venous catheters (CVC). Cochrane Data-
base Syst Rev 2015;9(CD010367).

[33] O'Grady NP, Alexandar M, Burns LA, Dellinger EP, Garland J, Heard SO, et al.
Summary of recommendations: guidelines for the prevention of intravascular
catheter- related infections. Clin Infect Dis 2011;52:1087e99.

[34] Evans RS, Sharp JH, Linford LH, Lloyd JF, Trilp JS, Jones JP, et al. Risk of
symptomatic DVT associated with peripherally inserted central catheters.
Chest 2010;138(4):803e10.

[35] Song L, Li H. Malposition of peripherally inserted central catheter: experience
from 3,012 patients with cancer. Exp Ther Med 2013;6(4):891e3.

[36] Lobo BL, Vaidean G, Broyles J, Reaves AB, Shorr RI. Risk of venous thrombo-
embolism in hospitalized patients with peripherally inserted central cathe-
ters. J Hosp Med 2009;4(7):417e22.

[37] Gao W, Luan XR, Sun YY, Zhang M, Li K, Li QH, et al. Experiences of patients
with abnormal extubation of PICC tubes: a qualitative study. Int J Clin Exp
Med 2015;8(10):19297.

[38] Hughes ME. Reducing PICC migrations and improving patient outcomes. Br J
Nurs 2014;23(2):S14e8.

[39] Mermis JD, Strom JC, Greenwood JP, Low DM, He J, Stites SW, et al. Quality
improvement initiative to reduce deep vein thrombosis associated with
peripherally inserted central catheters in adults with cystic fibrosis. Ann Am
Thorac Soc 2014;11(9):1404e10.

[40] Haygood T, Malhotra K, Ng C, Chasen B, McEnery K, Chasen M. Migration of
central lines from the superior vena cava to the azygous vein. Clin Radiol
2012;67(1):49e54.

[41] Brewer C. Reducing upper extremity deep vein thrombosis when inserting
PICCs. Br J Nurs 2012;21(Sup14):S12e7.

[42] Yap YS, Karapetis C, Lerose S, Iyer S, Koczwara B. Reducing the risk of
peripherally inserted central catheter line complications in the oncology
setting. Eur J Cancer Care 2006;15(4):342e7.

[43] Annetta M, Marano C, Brutti A, Celentano D, Pittiruti M. Power-injectable
peripherally inserted central catheters in intensive care patients. Crit Care
2012;16(1):P209.

[44] Haider G, Kumar S, Salam B, Masood N, Jamal A, Rasheed YA. Determination of
complication rate of PICC lines in oncological patients. J Pakistan Med Assoc
2009;59(10):663.

[45] Tolera BD, Hui F. Exploring Individual and Organizational factors influencing
registered nurses in preventing peripherally inserted central catheter related
complication. Int J Med Pharmaceut Sci 2017;4(4):1e12.

[46] Sharpe E, Pettit J, Ellsbury DL. A national survey of neonatal peripherally
inserted central catheter (PICC) practices. Adv Neonatal Care 2013;13(1):
55e74.

[47] Nolan ME, Yadav H, Cawcutt KA, Cartin CR. Complication rates among
peripherally inserted central venous catheters and centrally inserted central
catheters in the medical intensive care unit. Crit Care 2016;31(1):238e42.

[48] Tran HS, Burrows BJ, Zang WA, Han DC. Brachial arteriovenous fistula as a
complication of placement of a peripherally inserted central venous catheter:
a case report and review of the literature. Am Surg 2006;72(9):833e6.

[49] Cotogni P, Pittiruti M. Focus on peripherally inserted central catheters in
critically ill patients. World J Crit Care Med 2014;3(4):80e94.

[50] Periard D, Monney P, Waeber G, Zurkinden C, Mazzolai L, Hayoz D, et al.
Randomized controlled trial of peripherally inserted central catheters vs.
peripheral catheters for middle duration in-hospital intravenous therapy.
J Thromb Haemostasis 2008;6(8):1281e8.

[51] Gunst M, Matsushima K, Vanek S, Gunst R, Shafi S, Frankel H. Peripherally
inserted central catheters may lower the incidence of catheter- related blood
stream infections in patients in surgical intensive care. Surg Infect 2011;12(4):
279e82.

[52] Smith B, Royer TI. New standards for improving peripheral I.V. catheter
securement. Nursing 2007;37(3):72e4.

[53] Frey AM, Schears GJ. Why are we stuck on tape and suture? A review of
catheter securement devices. J Infusion Nurs 2006;29(1):34e8.

[54] Teichgraber UK, Debucourt M, Gebauer B, Streitparth F, Hamm B, Enzweiler C.
Effectiveness of sutureless percutaneous placement of cuffed tunneled he-
modialysis catheters applying StatLock attachment devices. J Vasc Access
2011;12(1):17e20.

[55] Flippo PL, Lee J. Clinical Evaluation of the Sorbaview SHIELD securement de-
vice used on peripheral intravenous catheters in the acute care setting. J Assoc
Vasc Access 2011;16(2):1e7.

[56] Loveday HP, Wilson JA, Pratt RJ, Golsorkhi M, Tingle A, Bak A, et al. epic 3:
national evidence-based guidelines for preventing healthcare-associated in-
fections in NHS hospitals in England. J Hosp Infect 2014;86(1):S1e70.

[57] Marschall J, Mermel LA, Classen D, Arias KM, Podgorny K, Anderson DJ, et al.
Strategies to prevent central line-associated bloodstream infections in acute
care hospitals. Infect Control Hosp Epidemiol 2008;29(1):S22e30.

[58] Bonizzoli M, Batachhi S, Cianchi G, Zagli G, Lapi F, Tucci V, et al. Peripherally
inserted central venous catheters and central venous catheters related
thrombosis in postcritical patients. Intensive Care Med 2011;37:284e9.

[59] Ho KM, Litton E. Use of chlorhexidine-impregnated dressing to prevent
vascular and epidural catheter colonization and infection: a meta-analysis.
J Antimicrob Chemother 2006;58:281e7.

[60] Schallom ME, Prentice D, Sona C, Micek ST, Skrupky LP. Heparin or 0.9% so-
dium chloride to maintain central venous catheter patency: a randomized
trial. Crit Care Med 2012;40:1820e6.

[61] Evans RS, Sharp JH, Linford LH, Lloyd JF, Woller SC, Stevens SM, et al.
Reduction of peripherally inserted central catheter-associated DVT. Chest
2013;143(3):627e33.

[62] Debourdeau P, Kassab CD, Le GG, Kriegel L, Desruennes E, Douard MC, et al.
2008 SOR guidelines for the prevention and treatment of thrombosis associ-
ated with central venous catheters in patients with cancer: report from the
working group. Ann Oncol 2009;20(9):1459e71.

[63] Nichols I, Humphrey JP. The efficacy of upper arm placement of peripherally
inserted central catheters using bedside ultrasound and microintroducer
technique. J Infusion Nurs 2008;31(3):165e76.

[64] Simcock L. No going back: advantages of ultrasound-guided upper arm PICC
placement. J Assoc Vasc Access 2008;13(4):191e7.

[65] Goossens GA. Flushing and locking of venous catheter: available evidence and
evidence deficit. Nurs Res Pract 2015;2015(985686):1e12.

[66] Akl EA, Kamath G, Yosuico V, Kim SY, Barba M, Sperati F, et al. Thrombo-
prophylaxis for patients with cancer and central venous catheters. Cancer
2008;112(11):2483e92.

[67] Kearon C, Akl EA, Comerota AJ, Prandoni P, Bounameaux H, Goldhaber SZ,
et al. Antithrombotic therapy for VTE disease: antithrombotic therapy and
prevention of thrombosis: American College of Chest Physicians evidence-
based clinical practice guidelines. Chest 2012;141(2). e419S-e96S.

[68] De Souza RRB, Alves VH, Rodrigues DP, Dames LJP, Medeiros FdVA, Paiva ED.
The knowledge of nurses in terms of the peripherally inserted central cath-
eter: a descriptive study. Br J Nurs 2016;15(1):21e31.

[69] Russell E, Chan RJ, Marsh N, New K. A point prevalence study of cancer
nursing practices for managing intravascular devices in an Australian tertiary
cancer center. Eur J Oncol Nurs 2014;18(3):231e5.

[70] Dabadie A, Soussan J, Mancini J, Vidal V, Bartoli J, Gorincour G, et al. Devel-
opment and initial evaluation of a training program for peripherally inserted
central catheter (PICC) placement for radiology residents and technicians.
Diagn Interv Imaging 2016;97(9):877e82.

[71] Purran A, Weller G, Kerr C. Evaluation of a PICC care training programme. Nurs
Stand 2016;30(20):45e50.

[72] Roslien J, Alcock L. The effect of an educational intervention on the RN's
peripherally inserted central catheters knowledge, confidence, and psycho-
motor skill. J Nurses Staff Dev 2009;25(3):E19e27.

http://refhub.elsevier.com/S2352-0132(17)30129-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref25
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref25
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref25
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref25
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref26
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref26
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref26
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref26
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref27
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref27
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref27
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref27
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref28
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref28
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref28
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref28
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref29
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref29
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref29
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref30
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref30
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref30
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref30
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref30
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref31
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref31
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref31
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref31
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref32
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref32
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref32
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref33
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref33
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref33
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref33
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref34
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref34
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref34
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref34
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref35
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref35
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref35
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref36
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref36
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref36
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref36
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref37
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref37
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref37
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref38
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref38
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref38
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref39
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref39
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref39
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref39
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref39
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref40
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref40
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref40
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref40
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref41
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref41
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref41
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref42
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref42
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref42
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref42
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref43
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref43
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref43
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref44
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref44
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref44
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref45
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref45
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref45
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref45
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref46
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref46
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref46
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref46
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref47
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref47
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref47
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref47
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref48
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref48
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref48
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref48
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref49
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref49
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref49
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref50
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref50
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref50
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref50
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref50
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref51
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref51
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref51
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref51
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref51
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref52
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref52
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref52
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref53
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref53
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref53
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref54
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref54
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref54
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref54
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref54
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref55
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref55
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref55
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref55
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref56
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref56
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref56
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref56
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref57
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref57
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref57
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref57
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref58
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref58
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref58
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref58
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref59
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref59
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref59
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref59
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref60
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref60
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref60
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref60
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref61
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref61
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref61
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref61
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref62
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref62
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref62
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref62
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref62
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref63
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref63
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref63
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref63
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref64
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref64
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref64
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref65
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref65
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref65
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref66
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref66
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref66
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref66
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref67
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref67
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref67
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref67
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref68
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref68
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref68
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref68
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref69
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref69
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref69
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref69
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref70
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref70
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref70
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref70
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref70
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref71
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref71
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref71
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref72
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref72
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref72
http://refhub.elsevier.com/S2352-0132(17)30129-1/sref72

	Peripherally inserted central catheters in critically ill patients – complications and its prevention: A review
	1. Introduction
	2. Search methods
	3. Current PICC application situation
	4. PICC procedure pathway
	5. Complications
	5.1. Factors associated with complications
	5.1.1. Patient status
	5.1.2. Vein selection
	5.1.3. Catheter choice

	5.2. Caregiver factor
	5.3. Major complications
	5.3.1. Infective complication
	5.3.2. Thrombosis formation
	5.3.3. Mechanical failure

	5.4. Minor complications

	6. Preventive measures of complications
	6.1. Infection prevention
	6.2. Prevention of venous thrombosis
	6.3. Prevention of mechanical failure
	6.4. Prevention of minor complication

	7. Future directions
	Appendix A. Supplementary data
	References


