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Abstract
Background:Since the first description of the central venous catheter (CVC) in 1952, it has been used for the rapid administration
of drugs, chemotherapy, as a route for nutritional support, blood components, monitoring patients, or combinations of these. When
CVC is used in the traditional routes (eg, subclavian, jugular, and femoral veins), the complication rates range up to 15% and are
mainly due to mechanical dysfunction, infection, and thrombosis. The peripherally inserted central catheter (PICC) is an alternative
option for CVC access. However, the clinical evidence for PICC compared to CVC is still under discussion. In this setting, this
systematic review (SR) aims to assess the effects of PICC compared to CVC for intravenous access.

Methods:We will perform a comprehensive search for randomised controlled trials (RCTs), which compare PICC and traditional
CVC for intravenous access. The search strategy will consider free text terms and controlled vocabulary (eg, MeSH and Entree)
related to “peripherally inserted central venous catheter,” “central venous access,” “central venous catheter,” “catheterisation,
peripheral,” “vascular access devices,” “infusions, intravenous,” “administration, intravenous,” and “injections, intravenous.”
Searches will be carried out in these databases: MEDLINE (via PubMed), EMBASE (via Elsevier), Cochrane CENTRAL (via Wiley),
IBECS, and LILACS (both via Virtual Health Library). Wewill consider catheter-related deep venous thrombosis and overall successful
insertion rates as primary outcomes and haematoma, venous thromboembolism, reintervention derived from catheter dysfunction,
catheter-related infections, and quality of life as secondary outcomes. Where results are not appropriate for a meta-analysis using
RevMan 5 software (eg, if the data have considerable heterogeneity and are drawn from different comparisons), a descriptive analysis
will be performed.

Results:Our SR will be conducted according to the Cochrane Handbook of Systematic Reviews of Interventions and the findings
will be reported in compliance with PRISMA.

Conclusion: Our study will provide evidence for the effects of PICC versus CVC for venous access.

Ethics and dissemination: This SR has obtained formal ethical approval and was prospectively registered in Open Science
Framework. The findings of this SR will be disseminated through peer-reviewed publications or conference presentations.

Registration: osf.io/xvhzf.

Ethical approval: 69003717.2.0000.5505.

Abbreviations: CENTRAL = Cochrane Central Register of Controlled Trials, CIs = confidence intervals, CVC = central venous
catheter, EMBASE = Excerpta Medica database, GRADE = Grading of Recommendations, Assessment, Development and
Evaluation, IBECS = Indice Bibliográfico Español de Ciencias de la Salud, LILACS = Latin American and Caribbean Centre on Health
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Sciences Information, MEDLINE =Medical Literature Analysis and Retrieval System Online, NNT = number needed to treat, PICC =
peripherally inserted central catheter, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses, QoL =
quality of life, RCTs = randomized controlled trials, RR = risk ratio, SR = systematic review.
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1. Introduction

Millions of catheters are implanted annually in health services to
provide support for management of acute and chronic diseases in
adults and pediatric patients.[1] Central venous access can be
performed by a central venous catheter (CVC) or peripherally
inserted central catheter (PICC) and the indications include
intravenous therapy, access to the central venous system for
multiple procedures, blood sample collection, and monitoring,
mainly when peripheral venous access is inaccessible.[1–3] There
are many types of devices available and the choice mainly
depends on the estimated time required for use (short, medium, or
long term).[1] PICCs are usually recommended for short and
medium-term use (4 weeks to 6 months).[1]

PICC use has increased in recent years, especially in oncologic
and critical patients as an alternative to CVC, mainly due to the
easier insertion, safety, and possible cost-effectiveness advan-
tages.[4–6] Other possible benefits of PICC are the virtual
elimination of the high morbidity and potentially fatal
complications of neck and chest catheter insertions, the reduced
potential for catheter-related infection and septicemia, and lower
procedure costa.[7,8] In addition, as it can be used for medium-
term access, it is suitable for intravenous therapy in home care
patients. However, complications include catheter-associated
thrombosis (3%), mechanical complications (4%), catheter-
associated bloodstream infections (2%), and cellulitis (1%).[9]

There is no clear superiority of any procedure type, PICC or
CVC, for venous access.[10,11] For instance, the Clinical Practice
Guidelines of the European Society of Vascular Surgery reports
that PICC is related to a higher risk of venous thrombosis and a
lower risk of catheter occlusion than CVC.[12] Nevertheless, this
information is based on moderate certainty evidence with some
risk of bias, according to GRADE[13] (eg, prospective cohort
study).[14] Robust evidence comparing PICC and CVC in
critically ill patients is urgently needed.
Intending to fill this lack of evidence, we aim to conduct a

systematic review (SR) under the well-established Cochrane
recommendations to assess the effects of PICC versus CVC for
intravenous access.

2. Methods

The “Cochrane Handbook for systematic review of interven-
tions” recommendations will guide this SR, which is prospec-
tively registered in the Open Science Framework at osf.io/
xvhzf.[15] This SR has obtained formal ethical approval of the
research ethics committee of the Universidade Federal de São
Paulo (69003717.2.0000.5505). The Preferred Reporting Items
for Systematic Review and Meta-Analysis Protocol (PRISMA-P)
guided this SR protocol report.[16]

2.1. Types of studies

We will include all randomized controlled trials (RCTs) with a
parallel (eg, cluster or individual) or cross-over design, reported
as full text, published as abstract only and unpublished data.
2

Quasi-RCTs, that is, the studies in which participants are
allocated to intervention groups based on methods that are not
truly random, such as date of birth or hospital number, will not
be considered.

2.2. Types of participants

Wewill include people of any age and sexwho required any formof
central venous access (PICC or CVC) for diagnostic or therapeutic
purposes.Wewill consider all aims for related venous access such as
venous catheterization for cardiac interventions, pulmonary artery
monitoring bloodpressure, nutrition andmedicine infusion.Wewill
also consider all variations of PICC orCVC, such as different device
caliper, number of lumens, site of insertion (eg, cephalic or basilic
veins for PICC, femoral, jugular, or subclavian veins for CVC). If
only a subset of the participants meet our inclusion criteria (eg,
studies with mixed populations), we will attempt to obtain data for
the subgroup of interest from the trialists to include the study.

2.3. Types of interventions

We will include trials comparing PICC versus CVC for
intravenous access. We will consider all types of Seldinger
techniques for venous access, such as anterior wall puncture, vein
transfixation, “catheter over the needle,” and other special
devices as the baseline eligible technique for venous catheteriza-
tion, and we will evaluate their differences under the subgroup
analysis and investigation of heterogeneity section.
The main comparison will be peripherally inserted CVC versus

CVC.

2.4. Types of outcome measures

Reporting ≥1 of the outcomes listed here in the trials is not an
inclusion criterion for the SR. Where a published report does not
appear to report one of these outcomes, we will access the trial
protocol and contact the trial authors to assess whether the
outcomes are available but not reported. Relevant trials which
measured these outcomes but did not report the data at all, or not
in a usable format, will be included in the review as part of the
narrative. Economic costs will be evaluated indirectly by
outcomes such as “overall successful intervention rate” and
“catheter-related infection.” Since this is not a cost-effectiveness
review, we will treat direct costs’ data narratively in the
discussion section, if these data are available.
We will present the outcomes at 2 different time points

following the start of the intervention, if data are available. Our
time point of primary interest is early, but we also plan to report
the long-term outcomes at the longest possible time of follow-up:
�
 Early outcomes (at �30 days after intervention)

�
 Long-term outcomes (>30 days after intervention)

2.4.1. Primary outcomes.
1.
 Catheter-related deep venous thrombosis, confirmed by at
least 1 additional objective method (eg, duplex ultrasound or
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angiography by tomography, magnetic resonance imaging or
digital subtraction fluoroscopy).
2.
 Overall successful insertion rates, that is the number of
participants in whom the proposed method of catheterization
was successful.

2.4.2. Secondary outcomes.
1.
 Major haematoma, defined as those either requiring an
intervention (eg, open surgical or percutaneous drainage) or
prolonging duration of hospital stay. We will consider the
total number of perioperative and postoperative major
hematomas.
2.
 Venous thromboembolism (eg, deep vein thrombosis, pulmo-
nary embolism): confirmed through complementary tests (eg,
duplex ultrasound, computed tomography, magnetic reso-
nance imaging, angiography, ventilation-perfusion lung scan).
3.
 Reintervention derived from catheter dysfunction, that is, any
catheter dysfunction such as occlusion, obstruction, infection,
perforation, or fixation loss.
4.
 Catheter-related infection.

5.
 Quality of life (QoL): participant’s subjective perception of

improvement (yes or no) as reported by the study authors, or
using any validated scoring system such as the Short Form-36
Health Survey (SF-36).[17]

3. Search methods

3.1. Electronic searches

Searches will be carried out in the databases Medical Literature
Analysis and Retrieval System Online (MEDLINE [via
PubMed]), Excerpta Medica database (EMBASE [via Elsevier]),
Cochrane Central Register of Controlled Trials (CENTRAL [via
Wiley]), Indice Bibliográfico Español de Ciencias de la Salud
(IBECS), and Latin American and Caribbean Centre on Health
Sciences Information (LILACS) (both via Virtual Health Library).
We will also search through the World Health Organization
International Clinical Trials Registry Platform (apps.who.int/
trialsearch/), the clinical trial registries of ClinicalTrials.gov for
ongoing or unpublished trials. Electronic search strategies will be
as sensitive as possible, with no limits of language, date, or
able 1

DLINE search strategy via PubMed.

e

“Vascular Access Devices”[Mesh] O
(Vascular Access Port

∗
) OR (Vas

(Port-A-Cath) OR (Port A Cath) O
“Central Venous Catheters”[Mesh] O
“Catheterization, Peripheral”[Mesh]

Inserted Central Catheter Line In
Catheterization

∗
) OR (Peripheral

“Catheters”[Mesh] OR Catheter
“Catheterization, Central Venous”[M
1 OR 2 OR 3 OR 4 OR 5
“Infusions, Intravenous”[Mesh] OR (
“Administration, Intravenous”[Mesh]
“Injections, Intravenous”[Mesh] OR
7 OR 8 OR 9
6 AND 10
11 AND (Therapy/Broad[filter])

3

publication status. A sample search strategy for MEDLINE via
PubMed is presented in Table 1.
3.2. Hand search and other search resources

We will also search for RCTs in the reference lists of all included
studies to avoidmissing important studies that may not have been
indexed in electronic databases.
3.3. Selection of studies

Using the electronic tool covidence.org, 2 review authors (FKYS
and RLGF) will independently evaluate the studies identified by
the literature search and code them as eligible or not. We will
resolve disagreements by discussion with the author team.
We will read the full text of the relevant trials and identify

studies for inclusion. Moreover, we will identify and exclude
duplicates and collate multiple reports of the same study so that
each study, rather than each report, is the unit of interest in the
review. If a trial does not meet the eligibility criteria, we will
document the reasons for exclusion. The study selection will be
illustrated in a PRISMA diagram.
3.4. Data extraction and management

Two review authors (FKYS and RLGF) will independently
evaluate the trials to determine whether they are eligible for
inclusion. We will resolve disagreements by discussion with the
author team. The data extraction will include:
1.
R (D
cula
R (
R (
OR
sert
Veno

esh

Intra
OR
(Intr
General features of the studies: author, year of publication,
country, number of participants, age, sex of participants, and
associated clinical conditions.
2.
 Specific features of the studies: intervention, comparison,
primary and secondary outcomes, blinding, inclusion and
exclusion criteria.

One reviewer (FKYS) will copy the data from the data
collection form into the Review Manager (RevMan5.3) file for
statistical analysis.[18] A second review author (RLGF) will spot-
check the study characteristics for accuracy against the trial
report.
Search

evice
∗
Vascular Access) OR (Port Catheter

∗
) OR (Venous Reservoir

∗
) OR

r Catheter
∗
) OR (Intra-Arterial Line

∗
) OR (Intra Arterial Line

∗
) OR (Arterial Line

∗
) OR

PortACath)
Catheter

∗
Central Venous)

(Peripheral Catheterization
∗
) OR (Catheterization

∗
Bronchial) OR (Peripherally

ion) OR (PICC Placement
∗
) OR (PICC Line Placement

∗
) OR (PICC Line

us Catheterization
∗
)

] OR (Venous Catheterization Central) or (Central Catheterization
∗
)

venous Infusion
∗
) OR (Intravenous Drip) OR (Drip Infusion

∗
)

(Administration
∗
Intravenous)

avenous Injection
∗
)
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3.5. Assessment of risk of bias in included studies

Two review authors (FKYS and RLGF) will independently assess
the included studies’ risk of bias using Cochrane’s “Risk of bias”
tool, described in Chapter 8 of the Cochrane Handbook for
Systematic Reviews of interventions.[19] The following aspects
will be considered: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcomes’ assessment, incomplete outcome data, selective
reporting. and other sources of bias. Each component of the
risk of bias tool in the included studies will be judged as a low,
high, or unclear risk of bias. We will resolve disagreements by
discussion within the review team.
3.6. Measures of treatment effect

We will use risk ratio (RR) for dichotomous data, mean
difference for continuous data where the same scales or scores are
used, and standardized mean difference for continuous data
where different scales or scores are used, and all with 95%
confidence intervals (CI).
We will calculate the number needed to treat (NNT) for the

outcomes with direct implications for practice, using NNT=1 /
jrisk differencej. The risk difference will be obtained with Review
Manager 5 software. We will express the NNT as “number
needed to treat for an additional beneficial outcome” and
“number needed to treat for an additional harmful outcome” to
indicate direction of effect.[20]
3.7. Unit of analysis issues

We will use an intention-to-treat approach and we will consider
the participant as the unit of analysis for all outcomes.
3.8. Dealing with missing data

We will analyze the available data and intend to contact the trial
authors to request missing data (eg, when a study is identified as
an abstract only). Where possible, we will use the RevMan
calculator to calculate missing standard deviations using other
data from the trial (eg, CI). Where this is not possible, and the
Table 2

Summary of findings table.
Peripherally inserted central catheter versus central venous catheter for intravenous access
Patient or population: patients undergoing central venous catheterization

Setting: hospital
Intervention: peripherally inserted central catheter
Comparison: central venous catheter

Anticipated absolute effects
∗
(95% CI)

Outcomes
Risk with
landmarks

Risk with
B-mode

ultrasound

Catheter-related deep
venous thrombosis

(Value) per 1000 (Value) per 1000 ([value]
to [value])

R

4

missing data are thought to introduce serious bias, we will
explore the impact of including such studies in the overall
assessment of results by a sensitivity analysis.

3.9. Assessment of heterogeneity

We will inspect forest plots visually to consider the direction and
magnitude of effects and the degree of overlap between CIs. We
will use the I2 statistic to measure heterogeneity among the trials
in each analysis but acknowledge that there is substantial
uncertainty in the value of I2 when there is only a small number of
studies. We will also consider the P value from the x2 test. If we
identify substantial heterogeneity, we will report it and explore
possible causes by prespecified subgroup analysis. We will use
these ranges to guide our interpretation of the I2 statistic
according to section 10.10.2 of the Cochrane Handbook for
Systematic Reviews of Interventions.[21]
�

R
[

0% to 40%: heterogeneity might not be important,

�
 30% to 60%: may represent moderate heterogeneity,

�
 50% to 90%: may represent substantial heterogeneity,

�
 75% to 100%: indicates considerable heterogeneity.

3.10. Assessment of reporting biases

We will assess the presence of publication bias and other
reporting bias using funnel plots if sufficient studies (>10) are
included in the meta-analysis.[19]

3.11. Data Synthesis

We will synthesize the data using RevMan 5.3 software.[18] We
will use the fixed-effect model to synthesize the data if there are
low to moderate levels of heterogeneity. If there is substantial
heterogeneity, we will use a random-effect model. If it is not
appropriate to combine in a meta-analysis, we will not undertake
a meta-analysis but will describe the data narratively. We plan to
extract study data, format our comparisons in data tables, and
prepare a summary of findings table before writing the results and
conclusions of the review. A template summary of findings table
is included as Table 2.
Relative
effect (95% CI)

No of
participants
(studies)

Certainty of
the evidence
(GRADE) Comments

(value) ([value] to
value])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

(continued )



Table 2

(continued).

Anticipated absolute effects
∗
(95% CI)

Outcomes
Risk with
landmarks

Risk with
B-mode

ultrasound
Relative

effect (95% CI)

No of
participants
(studies)

Certainty of
the evidence
(GRADE) Comments

Overall successful insertion
rates

(Value) per 1000 (Value) per 1000 ([value]
to [value])

RR (Value) ([value] to
[value])

(Value) ([value]) ⊕⊖⊖⊖
very low⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

Major haematoma (Value) per 1000 (Value) per 1000 ([value]
to [value])

RR (value) ([value] to
[value])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

Venous thromboembolism (Value) per 1000 (Value) per 1000 ([value]
to [value])

RR (value) ([value] to
[value])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

Reintervention derived from
catheter dysfunction

(Value) per 1000 (Value) per 1000 ([value]
to [value])

RR (Value) ([value] to
[value])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

Catheter-related infection (Value) per 1000 (Value) per 1000
([value] to [value])

RR (Value) ([value] to
[value])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

The mean (outcome)
ranged across
control groups
from (value)
(measure)

The mean [outcome] in
the intervention
groups was
(value) (lower/higher)
([value to value
lower/higher])

(Value) ([value]) ⊕⊖⊖⊖
very low
⊕⊕⊖⊖
low
⊕⊕⊕⊖
moderate
⊕⊕⊕⊕
high

∗
The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI= confidence interval, RR= risk ratio, GRADE= the grading of recommendations assessment, development and evaluation.
GRADE Working Group grades of evidence.
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

Santos et al. Medicine (2020) 99:30 www.md-journal.com

5

http://www.md-journal.com


Table 3

Classification of adults according to BMI.

Classification BMI values
∗,†

Underweight <18.5
Normal range 18.5–24.99
Overweight
Preobese 25.00–29.99
Obese class I 30.00–34.99
Obese class II 35.00–39.99
Obese class III ≥40.00

Santos et al. Medicine (2020) 99:30 Medicine
3.12. “Summary of findings” table

A “summary of findings” will be made for each of the following
outcomes: catheter-related deep venous thrombosis, overall
successful insertion rates, major hematoma, venous thromboem-
bolism, reintervention derived from catheter dysfunction, cathe-
ter-related infection, and QoL.
Wewill use the 5GRADEdomains (study limitations, consistency

of effect, imprecision, indirectness, andpublicationbias) to assess the
certainty of evidence relating to the studies which contribute data to
the meta-analyses for the prespecified outcomes.[22]
BMI=body mass index.
∗
These BMI values are age-independent and the same for both sexes.

† Body mass divided by the square of the body height, universally expressed in units of kg/m2.

3.13. Subgroup analysis and investigation of heterogeneity

Where there are sufficient data available, we will perform
subgroup analyses for the following:
1.
 Participant characteristics: age (eg, children [until 17 years’
old], youth [18–24 years], adults [25–64 years], and seniors
[≥65 years]), body mass index according to Table 3,[23]

comorbidities (eg, critically ill subjects, requiring vasopressors,
electives procedures), vessel diameter.
2.
 Intervention characteristics: types of catheters, route of access
(eg, subcutaneous tunnelled catheter), access site, experienced
versus inexperienced (including residents and fellows) oper-
ators, original Seldinger technique or any possible variations
(eg, anterior wall puncture, vein transfixation, ‘catheter over a
needle’ puncture, hollow needle puncture), combination of
methods.

Since we are planning to explore possible causes of substantial
heterogeneity with subgroup analysis (assessment of heterogene-
ity), we will use all outcomes in subgroup analyses.
Wewill use the formal test for subgroup differences in RevMan

5.3,[18] and base our interpretation on this.
3.14. Sensitivity analysis

We plan to carry out the following sensitivity analyses, to test
whether keymethodological factors or decisions have affected the
main result:
�
 We will consider the overall risk of bias of an included study as
low if there are no high-risk judgments in the 4 domains of
random sequence, allocation concealment, incomplete out-
come data, and selective reporting. After that, we will perform
analysis including only studies with a low risk of bias.
�
 We will examine both the fixed-effect model and random-
effects model meta-analyses, and we will explore any differ-
ences between the 2 estimates. These results will be presented
and compared with the overall findings.

4. Conclusions

Wewill baseour conclusionsonlyonfindings fromthequantitative
or narrative synthesis of included studies for this review. We will
avoid making recommendations for practice and our implications
for research will suggest priorities for future research and outline
what the remaining uncertainties are in the area.
5. Discussion

Although there are a great number of techniques for central
intravenous access, there is a lack of high-quality evidence to
6

decide which one is better in terms of cost-effectiveness. PICC is a
recent technique with uncertain results comparing its effective-
ness with CVC. Johansson et al[14] proposed that PICC is more
related to deep venous thrombosis and less related to catheter
occlusion than traditional CVC. However, this statement is not
consensual in the literature. Therefore, this SR is particularly
important and will attempt to address this lack of robust
evidence.
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