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1 | INTRODUCTION

| GuangmingWan2 | Liyuan Qin!

Abstract

Aim: To examine the incidence and risk factors for asymptomatic peripherally in-
serted central catheter-related thrombosis (PICC-RT).

Design: We performed a systematic review and meta-analysis following the PRISMA
guidelines.

Methods: The review was registered in PROSPERO (CRD42020186732). A system-
atic search of EMBASE, CINAHL, PubMed, Web of Science and Cochrane was per-
formed from inception to 4 June 2020. Meta-analysis was performed to determine
the pooled incidence of asymptomatic PICC-RT.

Results: Ten studies comprising 1591 participants with 1592 PICCs were included
in this meta-analysis. The pooled incidence of asymptomatic PICC-RT in adults was
22% (95% Cl, 0.17-0.29). The pooled incidence of PICC-RT in cancer patients was
19% (95% ClI, 0.13-0.26). Asymptomatic PICC-RT mainly occurred in superficial
veins. Most asymptomatic thrombosis occurred 3-12 days after the PICC insertion. A
higher Eastern Cooperative Oncology Group score (ECOG), slower blood flow veloc-

ity and left basilic vein were independent risk factors of asymptomatic thrombosis.
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thrombosis (PICC-RT), catheter-related bloodstream infection and

medical adhesive-related skin injury (Scrivens et al., 2020). Of these,

Theperipherallyinserted central catheter (PICC) has beenwidely used
for various indications, such as delivering chemotherapy drugs and
parenteral nutrition support (Al Hadidi, 2018; Chopra et al., 2017).
PICC is cost-effective and could facilitate the management of pa-
tients and improve their quality of life (Campagna et al., 2019; Xie
et al.,, 2017). Nonetheless, PICC could cause a series of compli-

cations including peripherally inserted central catheter-related

PICC-RT is the most detrimental complication which could result
in pulmonary embolism and even death (Hua et al., 2019). PICC-RT
could also interrupt the intravenous treatment and increase the cost
of care, bringing huge psychological burdens to the patients and
economic burdens to the society (Burns & McLaren, 2009). Thus,
early detection and prevention of PICC-RT have clinical and societal

significance.
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Asymptomatic PICC-RT has been a focus of current research.
Asymptomatic PICC-RT refers to the appearance of PICC-RT in-
dicated by ultrasound, without clinical symptoms such as upper
limb swelling, tenderness of the catheterization site or adjacent
site, elevation of skin temperature, skin cyanosis, limb sensation
and dysfunction, or shoulder discomfort (Wang et al., 2020).
Asymptomatic PICC-RT could develop into symptomatic throm-
bosis, eventually leading to complications such as infection, pul-
monary embolism, post-thrombotic syndrome even death (Chopra
et al., 2014). Asymptomatic PICC-RT is often ignored in clinical
practice (Fallouh et al., 2015), which undoubtedly increases the
risk of patients’ death. Thus, more attention should be paid to as-
ymptomatic PICC-RT.

2 | BACKGROUND

Current evidence suggests a higher incidence of asymptomatic
PICC-RT than symptomatic PICC-RT. Specifically, the incidence of
asymptomatic and symptomatic PICC-RT was 2.2%-58% (Pittiruti
et al., 2014; Trerotola et al., 2010; Yuxiu et al., 2015) and 2%-15%,
respectively (Fallouh et al., 2015). Reported risk factors of asympto-
matic PICC-RT included BMI 225, less activity, obesity and chemo-
therapy history (Wang et al., 2020; Yi et al., 2014; Yuxiu et al., 2015).
While these studies offered important information about the inci-
dence and risk factors of asymptomatic PICC-RT, there remains a
need to synthesize findings from each study. Such an effort will pro-
vide us a holistic view of asymptomatic PICC-RT, which may enable
us to provide better care for patients undergoing PICC treatment.

Prior reviews have been focused on symptomatic thrombo-
sis (Chopra et al., 2013; Fallouh et al., 2015). For instance, Chopra
et al., (2013) did a systematic and meta-analysis to compare the risk
of venous thromboembolism associated with PICC versus that as-
sociated with other CVC (central venous catheter). In that review,
seven studies screened for asymptomatic CVC-RT (CVC-related
thrombosis); however, the incidence of asymptomatic PICC-RT
was not reported. Similarly, another review only mentioned that
the majority of PICC-RT was asymptomatic (Fallouh et al., 2015).
Collectively, the research question remains to be answered: what is
the pooled incidence and risk factors for asymptomatic PICC-RT in
adults? Thus, the aim of this systematic review was to identify and
analyse the incidence and risk factors for asymptomatic PICC-RT.
Findings from this review will advance the understanding of asymp-
tomatic PICC-RT and provide important evidence for the manage-
ment of PICC-RT.

3 | METHODS
3.1 | Design

The protocol for this systematic review was registered in PROSPERO
(CRD42020186732). This systematic review followed the guidelines

of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (Moher et al., 2009).

3.2 | Search strategy

Five databases (EMBASE, CINAHL, PubMed, Web of Science and
Cochrane) were searched from inception to 4 June 2020. Search
terms were pilot tested so that they could capture relevant studies.
The following search terms were used in each database: (a) PICC or

*n

“peripheral Catheter*” or “Peripherally Inserted Central Catheter” or
“central venous catheter” or “central venous access device” or “cen-
tral venous line” or CVC); (b) thromb* or “Blood Clot”; and (c) asymp-
tomatic. The combinations of the above search terms were applied
to the title/abstract/keywords. No language restriction was applied

during the searching process.

3.3 | Study selection

The studies were included if the incidence or risk factors of asymp-
tomatic PICC-RT were reported and they were conducted in adults
(age 218 years old). The exclusion criteria included: (a) animal studies;
(b) studies reporting symptomatic PICC-RT; (c) non-English papers;
(d) conference abstracts, commentary, review and case reports.
There was no restriction on study design such as case-control,
cross-sectional, longitudinal cohort and randomized controlled tri-
als (RCT).

Two reviewers independently screened the title and abstract of
the articles for eligibility, followed by full-text review. Disagreements
were discussed to reach a consensus. A third reviewer was consulted
if there were any unresolved discrepancies between the two review-

ers at any stage during the study selection process.

3.4 | Data extraction

Data extraction was performed by two reviewers independently
using an electronic form. We extracted study- and participant-
related characteristics including first author, year of publica-
tion, country, study design, population, sample size, total PICCs,
follow-up time, age, male, BMI and diagnostic tool. We also ex-
tracted main findings including asymptomatic PICC-RT events,
time of PICC-RT formation, PICC-RT characteristics and risk

factors.

3.5 | Quality appraisal

Two reviewers independently assessed the quality of each study.
The Joanna Briggs Institute's (JBI) critical appraisal checklist for
studies reporting prevalence data was adapted for prevalence stud-
ies (Munn et al., 2015). The JBI includes 9 items, and the overall
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quality of the study is evaluated from the sampling frame, study ob-
jectives, data collection and analysis method. A sample item is “Was
the sample size adequate?” Each item is rated as yes, no, unclear and
inapplicable.

The Cochrane Risk of Bias 2 Tool was used to assess the quality
of RCTs (Sterne et al., 2019). This tool covers five domains of bias:

»n o«

“risk of bias arising from the randomization process,” “risk of bias

n o«

due to deviations from the intended interventions,” “missing out-

» o« n o«

come data,” “risk of bias in measurement of the outcome,” “risk of
bias in selection of the reported result” and “overall bias.” Within
each domain, assessments are conducted for one or more items,
which covers different aspects of the domain or different outcomes.
The risk of bias can be “Low,” “High” or “Some concerns.” If all do-
mains for this result were assessed as “Low” risk, the overall bias is
“Low”. If at least one domain for this result was assessed as “Some
concerns” but none were assessed as “High” risk, the overall bias is
“Some concerns”. If at least one domain was assessed as “High” risk,
or if we had “Some concerns” about several domains, the overall bias
is “High” risk. A third reviewer was consulted if a consensus could not

be reached between the two reviewers.

3.6 | Statistical analysis

Data analysis was performed using Stata SE version 15 (StataCorp
LP) and RevMan 5.3 (The Cochrane Collaboration). Mean and SD
(standard deviation) or SE (standard error) were extracted for
continuous variables. The incidence of asymptomatic PICC-RT
from each study was extracted and presented as percentage.
Logarithmic transformation was applied to the incidence esti-
mate extracted from each study to achieve normal distribution
(Barendregt et al., 2013). To obtain the pooled effect size (Odds
Ratio, OR), a meta-analysis was performed by using the double
arcsine transformation of proportions. The pooled incidence of
PICC-RT was calculated as OR/(1 + OR). Risk factors for asymp-
tomatic PICC-RT were presented as OR with 95% confidence in-
terval (Cl). Separate subgroup analyses were performed based
on the type of disease (cancer VS. non-cancer) and study design
(prospective VS. RCT). Between-study heterogeneity was as-
sessed using the 1% index. When significant heterogeneity was
detected (1> > 50%) (Higgins et al., 2003), the random-effects
model was used. Publication bias was assessed using funnel plots
and the Egger test with a significance level set at p < .10 (Begg &
Mazumdar, 1994). If publication bias was detected, the trim and fill
method developed by Duval and Tweedie was used to account for
publication bias (Duval & Tweedie, 2000).

3.7 | Ethics

As this study was a systematic review and meta-analysis, ethical ap-

proval was not required.
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4 | RESULTS
4.1 | Study selection

The results of the literature search are shown in Figure 1. The initial
search resulted in 650 articles. After excluding duplicates, the titles
and abstracts of 333 articles were screened for eligibility. Of these,
the full text of 94 articles was screened for inclusion. A total of 10

studies were included in this review.

4.2 | Quality assessment

Five RCTs were assessed using the Cochrane Risk of Bias 2 tool, and
five prospective studies were assessed using the JBI tool. All of the
RCTs were rated a low risk of bias on the four domains: randomiza-
tion process, deviations from intended interventions, measurement
of the outcome and selection of the reported results. More details
are shown in Table 1.

All of the prospective studies were unclear on the adequacy of
sample size. Similarly, it was not clear if the data analysis was con-
ducted with sufficient coverage of the identified sample. The studies
were rated a low risk on the remaining of the criteria. The details are

shown in Table 2.

4.3 | Characteristics of studies and participants

Study characteristics are presented in Table 3. In total, the 10
studies comprised 1575 participants with 1576 PICCs (Bonizzoli
et al.,, 2011; Itkin et al., 2014; Liu et al., 2018; Luo et al., 2016;
Periard et al., 2008; Pittiruti et al., 2014; Trerotola et al., 2010;
Wang et al., 2020; Yi et al., 2014; Yuxiu et al., 2015). The indi-
vidual sample size ranged from 31-332. Five studies used a pro-
spective design, consisting of 878 patients (Bonizzoli et al., 2011;
Luo et al., 2016; Wang et al., 2020; Yi et al.,, 2014; Yuxiu
et al., 2015). Five studies were RCTs, consisting of 697 patients
(Itkin et al., 2014; Liu et al., 2018; Periard et al., 2008; Pittiruti
et al., 2014; Trerotola et al., 2010). The studies were conducted in
China (n = 5), Italy (n = 2), the United States (n = 2) and Switzerland
(n = 1). The incidence of asymptomatic PICC-RT in the individual
study varied from 2.2%-58%.

Participant characteristics are presented in Table 3. Among the
patients, 45.5% (726/1591) were males. The patients had solid tu-
mour, cancer, or fibrosis and were receiving chemotherapy or in-
tensive care. Nine studies reported the follow-up length, ranging
from 21 days to 3 months (Bonizzoli et al., 2011; Itkin et al., 2014;
Liu et al., 2018; Luo et al., 2016; Periard et al., 2008; Trerotola
et al.,, 2010; Wang et al., 2020; Yi et al., 2014; Yuxiu et al., 2015).
One study reported days with PICC, ranging from 2780 to 3699 days
(Pittiruti et al., 2014). All of the studies detected PICC-RT using an
ultrasound.
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FIGURE 1 PRISMA flowchart for study selection

4.4 | Characteristics of PICC-RT and related
risk factors

Characteristics of the PICC-RT are presented in Table 4. Seven stud-
ies reported the time that PICC-RT occurred (Bonizzoli et al., 2011;
Liu et al., 2018; Luo et al., 2016; Periard et al., 2008; Wang
et al., 2020; Yi et al., 2014; Yuxiu et al., 2015). Four of these seven
studies focused on asymptomatic PICC-RT (Bonizzoli et al., 2011;
Luo et al., 2016; Periard et al., 2008; Wang et al., 2020), and three
of them included both asymptomatic and symptomatic PICC-RT (Liu
etal., 2018; Yi et al., 2014; Yuxiu et al., 2015).

The thrombosis occurred at different times after the PICC place-
ment. Based on the four studies (Bonizzoli et al., 2011; Luo et al., 2016;
Periard et al., 2008; Wang et al., 2020) that reported asymptomatic
PICC-RT, the thrombosis occurred 3 to 11.7 days after the placement.

Based on the three studies that reported asymptomatic and symptom-
atic PICC-RT, the thrombosis occurred 11.0 days to 12.5 days after the
placement (Liu et al., 2018; Yi et al., 2014; Yuxiu et al., 2015).

Five studies further differentiated where the PICC-RT occurred
(Bonizzoli et al., 2011; Luo et al., 2016; Periard et al., 2008; Wang
et al., 2020; Yi et al., 2014). Four of them reported the site of as-
ymptomatic PICC-RT (Bonizzoli et al., 2011; Luo et al., 2016; Periard
etal., 2008; Wang et al., 2020). We classified PICC-RT as “superficial”
if it involved the cephalic, basilic, median antebrachial, median ante-
cubital, and accessory cephalic veins and as “deep” if the PICC-RT
extended into the axillary, subclavian and internal jugular veins or
was located more centrally (Chin et al., 2005; Kleinjan et al., 2014).
Overall, asymptomatic PICC-RT occurred more often in the super-
ficial vein (45.2%-98.8%) than in the deep vein (1.2%-54.8%). More

details are showed in Table 4.
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Randomization Deviations from Missing Measurement of Selection of the
process intended interventions outcome data the outcome reported result Overall bias
Liu et al. (2018)
Reviewerl Low Low Low Low Low Low
Reviewer2 Low Low Low Low Low Low
Itkin et al. (2014)
Reviewer1l Low Low Some concerns Low Low Some concerns
Reviewer2 Low Low Some concerns Low Low Some concerns
Pittiruti et al. (2014)
Reviewerl Low Low Some concerns Low Low Some concerns
Reviewer2 Low Low Some concerns Low Low Some concerns
Trerotola et al. (2010)
Reviewer1 Low Low Some concerns Low Low Some concerns
Reviewer2 Low Low Some concerns Low Low Some concerns
Periard et al. (2008)
Reviewerl Low Low Low Low Low Low
Reviewer2 Low Low Low Low Low Low

Four studies (Bonizzoli et al., 2011; Wang et al., 2020; Yi
et al., 2014; Yuxiu et al., 2015) examined the risk factors of as-
ymptomatic PICC-RT. Wang et al. found that activity status
measured by patient's Eastern Cooperative Oncology Group
score (ECOG, OR = 2.79, p =.000) and slower blood flow ve-
locity (OR 0.25, p =.014) were risk factors of asymptomatic
PICC-RT (Wang et al., 2020). Bonizzoli et al. found that left ba-
silic vein (OR = 1.42, p =.019) was a risk factor of asymptomatic
PICC-RT (Bonizzoli et al., 2011). Two studies reported less activ-
ity (OR = 1.476, p =.006; OR = 2.11, p =.009) was a significant
risk factor of PICC-RT (Yi et al., 2014; Yuxiu et al., 2015). In Yi
et al. study, chemotherapy history was a risk factor for PICC-RT
(OR = 3.19, p =.017) (Yi et al., 2014); however, it was not a risk
factor (OR = 2.11, p =.249) in another study (Yuxiu et al., 2015).
Yi et al. also showed that diabetes was a risk factor of asymp-
tomatic PICC-RT (OR = 1.12, p =.006). Similarly, Liu et al. showed
that obesity was a risk factor for PICC-RT (OR = 3.47, p =.014) (Yi
et al., 2014; Yuxiu et al., 2015). An RCT suggested that daily hand-
grip exercise for 3 weeks decreased the incidence of PICC-RT (Liu
et al., 2018).

4.5 | Incidence of asymptomatic PICC-RT

Based on the random-effects model, the pooled incidence of
asymptomatic PICC-RT was 22% (95% Cl, 0.17%-0.29%). Subgroup
analysis (Figure 2) showed that the incidence of asymptomatic
PICC-RT in cancer and non-cancer patients was 19% (95% Cl, 0.13-
0.26) and 28% (95% Cl, 0.2-0.39), respectively. The incidence of
asymptomatic PICC-RT in prospective studies and RCTs was 23%
(95% Cl, 0.19-0.29) and19% (95% ClI, 0.11-0.33), respectively
(Figure 3).

4.6 | Publication bias

Visual inspection of the forest plot suggested slight asymme-
try (Figure 4). Egger's test revealed no apparent publication bias,
p =.073, 95% Cl (-8.61 to 0.47) (Figure 5).

5 | DISCUSSION

To the best of our knowledge, this current systematic review and
meta-analysis were the first to quantitatively synthesize the inci-
dence of asymptomatic PICC-RT and summarized the occurrent
time, the occurrent site and risk factors of asymptomatic PICC-RT,
which further expanding our knowledge in this topic area. We found
that the pooled incidence of asymptomatic PICC-RT was 22%. We
also found that a higher ECOG score, slower blood flow velocity and
left basilic vein were risk factors of asymptomatic PICC-RT. Findings
from this review provided further evidence for the prevention and
management of asymptomatic PICC-RT.

In this review, the incidence of asymptomatic PICC-RT was
22%, higher than that of symptomatic PICC-RT (2%-15%) (Fallouh
et al., 2015). This finding is consistent with a previous study of
children in which PICC-RT was usually asymptomatic (Menendez
et al., 2016). The reason for the higher incidence of asymptomatic
PICC-RT may be related to the frequency of ultrasound examination.
In this review, for studies reporting asymptomatic PICC-RT, weekly
or monthly ultrasound examinations were performed after PICC in-
sertion. In contrast, for studies reporting symptomatic PICC-RT, ul-
trasound examinations were performed only when the patients had
clinical symptoms. Thus, the incidence of PICC-RT may be underes-
timated. Collectively, the above evidence suggests that ultrasound

examination should be performed regularly. In order to save medical
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author year ES (95% CI) Weight
1
NCP :
I
Periard 2008 —0—:— 0.19 (0.08, 0.46) 6.78
Trerotola 2010 : —_—— 0.58 (0.37,0.92) 10.05
I
Bonizzoli 2011 + 0.27 (0.18, 0.40) 10.52
I
Itkin 2014 : - 0.55 (0.46, 0.66) 11.88
Subtotal (l-squared = 80.1%, p =0.002) 0.39 (0.25, 0.62) 39.23
I
l
CP :
I
Yi 2014 + 0.35(0.22, 0.53) 10.27
I
Pittiruti 2014 —_—— [ 0.02 (0.01, 0.086) 6.01
I
Liu 2015 - 0.23 (0.18, 0.30) 11.49
I
Luo 2016 --OT- 0.25(0.19, 0.33) 11.35
Liu 2018 —— 0.29 (0.19, 0.43) 10.45
I
Wang 2020 : - 0.49 (0.36, 0.66) 11.19
Subtotal {l-squared = 87.9%. p = 0.000) <> 0.24 (0.16, 0.37) 60.77
I
I
I
Overall (l-squared = 89.1%, p = 0.000) <> 0.29 (0.21, 0.40) 100.00
I
I
NOTE: Weights are from random effects analysis !
L
| |
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FIGURE 2 Forest plots for 10 studies assessing the incidence of asymptomatic PICC-RT: subgroup analysis based on whether cancer
patients or not. Notes. NCP, non-cancer patients: OR = 0.39, p =.002; CP, cancer patients: OR = 0.24, p =.000; Overall: OR = 0.29. p =.000

costs, an ultrasound examination should be conducted according to
the occurrence time of the asymptomatic PICC-RT, which will be dis-
cussed below.

Additionally, the subgroup analysis showed that the incidence
of asymptomatic PICC-RT was 19% in cancer patients, higher than
that of symptomatic PICC-RT (5%-15%) (Fallouh et al., 2015). The
hypercoagulable state caused by cancer may be animportant cause
of venous thrombosis (Farge et al., 2019; Mukai & Oka, 2018).
Cancer patients who undergo chemotherapy usually experience
nausea, vomiting, anorexia and fatigue, leading to reduced activ-
ity and prolonged bedtime, which could ultimately reduce blood
flow and stagnation (Cuiping et al., 2020). Findings from this re-
view suggest that cancer patients with PICC should be monitored
closely so that early screening for asymptomatic PICC-RT could be
initiated.

The subgroup analysis also showed that the incidence of asymp-
tomatic PICC-RT in prospective studies and RCTs was 23% and19%,
respectively. The reason for the higher incidence of prospective
studies is that these studies have more ultrasound examinations
than the RCTs. In these prospective studies, patients were investi-

gated for PICC-RT by ultrasound three times a day or weekly within

1 month after catheter insertion (Luo et al., 2016; Yi et al., 2014;
Yuxiu et al., 2015). However, for RCTs, ultrasound examinations
were usually performed on day 28 or before catheters were re-
moved (Itkin et al., 2014; Trerotola et al., 2010). So, the incidence of
asymptomatic PICC-RT may be underestimated. Regular ultrasound
examinations are necessary to determine the true incidence of as-
ymptomatic PICC-RT (Luo et al., 2016).

In this review, we found that asymptomatic PICC-RT mainly oc-
curred in the superficial veins and was accompanied by deep vein
thrombosis. Asymptomatic thrombosis is an adaptation process
and a result of PICC insertion. It has been argued that PICC-related
deep vein thrombosis is a concomitant or progressive outcome of
superficial venous thrombosis (Chopra et al., 2014). Asymptomatic
thrombosis eventually develops into symptomatic thrombosis (Luo
et al., 2016). Chopra et al., (2014) also suggested that the risk of
PICC-RT could be reduced by preventing superficial venous throm-
bosis. Based on the above findings, when conducting vascular ul-
trasound examinations on patients with PICC, the superficial vein
should be a primary focus.

In this review, two studies (Bonizzoli et al, 2011; Wang
et al., 2020) found that a higher ECOG score, slower blood flow
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Liu 2018 — 0.29 (0.19, 0.43) 10.45
Subtotal (I-squared = 92.0%, p = 0.000) <:> 0.24 (0.12, 0.49) 45.17
PS !
Bonizzoli 2011 —0:— 0.27 (0.18, 0.40) 10.52
Yi 2014 —— 0.35 (0.22, 0.53) 10.27
Liu 2015 —O-E- 0.23 (0.18, 0.30) 11.49
Luo 2016 —O-lv- 0.25 (0.19, 0.33) 11.35
Wang 2020 E - 0.49 (0.36, 0.66) 11.19
Subtotal (lI-squared =74.2%, p = 0.004) O 0.30 (0.23, 0.40) 54.83

I
Overall (lI-squared = 89.1%, p = 0.000) 0 0.29 (0.21, 0.40) 100.00

i

i

i

L

!
.00825

1

!
121

FIGURE 3 Forest plots for 10 studies assessing the incidence of asymptomatic PICC-RT: subgroup analysis based on study design. Notes.
RCT, randomized controlled trial: OR = 0.24, p =.000; PS, prospective study: OR = 0.30, p =.004; Overall: OR = 0.29.p =.000
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velocity and left basilic vein were independent risk factors of asymp-
tomatic thrombosis. The ECOG score reflects the patient's activity
status (Greipp et al., 1998). A higher ECOG score indicates poorer
activity status (Liang et al., 2018). Previous studies found that lower
patient activity was a risk factor of PICC-RT (Yi et al., 2014; Yuxiu
et al., 2015). Reduced activity could lead to slow blood flow veloc-
ity and even blood stasis, which leads to thrombosis (Yi et al., 2014).
Therefore, the patient's activity status should be assessed before
catheterization. In parallel, the limbs with the catheter should start
exercises as soon as possible to prevent asymptomatic PICC-RT (Liu
et al., 2018).

Slower blood flow velocity was one of the risk factors of asymp-
tomatic PICC-RT. According to Virchow's triad, slower blood flow is
one of the causes of thrombosis (Brotman et al., 2004). The place-
ment of PICC can lead to intimal injury, which affects normal blood
flow and blood flow velocity, thus increasing the risk of PICC-RT
(Bajd et al., 2012; Wilson et al., 2013). Therefore, maintaining nor-
mal blood flow is beneficial to prevent the occurrence of PICC-RT.
Some studies suggest when conditions permit, ultrasound examina-
tion can be used to evaluate the blood flow velocity before and after
insertion, changes in blood flow may give us some clues of PICC-RT
formation (Wang et al., 2020).
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First, half of the included studies were conducted in China. Regions
such as Africa or Oceania were not represented. Therefore, the re-
sults may not be generalizable to these regions. Second, there were
variations in the frequency of PICC-RT screening, which might result
in heterogeneity between studies. Lastly, only two studies examined
the risk factors of asymptomatic PICC-RT. We thus could not con-
duct quantitative meta-analyses. More research is needed to fur-
ther investigate the risk factors for asymptomatic PICC-RT. As such,
future studies with a multicentre, prospective design may provide

more evidence for the prevention and management of asymptomatic
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FIGURE 5 Egger assessing the heterogeneity of the 10 studies
on incidence of asymptomatic PICC-RT. p =.073, 95% ClI (-8.61 to
0.47)

In this review, we also found that the asymptomatic PICC-RT
was more likely to occur in the left basilic vein than the right ba-
silic vein (Bonizzoli et al., 2011). This finding might be explained
by the fact that activity of the left arm is lower than that of the
right arm for most people whose dominant hands are right hands
(Ardon et al., 2014) and activity promotes blood circulation (Lee
etal., 2020; Liu et al., 2018). When PICC is inserted on the left hand,
the catheterization arm cannot get enough exercise. The blood
will become sticky, resulting in an increased risk of PICC-RT (Liu
et al., 2018). Therefore, for patients whose left arm was inserted
with PICC, nurses should pay more attention to supervise patients’
functional exercise (Liu et al., 2018). Besides, future studies need
to further prove the relationship between catheterization arms and
PICC-RT.

This study has implications for clinical practice. We found that
most asymptomatic PICC-RT occurred 3-12 days after PICC insertion.
This finding suggests that the first two weeks after PICC catheter-
ization is a critical period, warranting a routine ultrasound examina-
tion. Relatedly, thrombosis prevention should be initiated. Previous
evidence supports the use of low molecular weight heparin (Huang
etal., 2020; Lv et al., 2019) and daily handgrip exercise by an elastic ball
(Liu et al., 2018) for those at risk of PICC-RT. These methods may be
used in clinical practice to facilitate blood circulation after PICC inser-
tion. Additionally, before PICC catheterization, extra attention should
be paid to those with a high risk for PICC-RT (e.g. higher ECOG score
or left basilic vein). Ultrasound dynamics should be used to monitor the

blood flow velocity before insertion whenever possible.

6 | LIMITATIONS

Including only prospective studies and RCTs was a strength of this
systematic review. In addition, the diagnosis of thrombosis was
based on objective measurements, which may increase the validity

of the diagnose. However, there are some limitations to this review.

7 | CONCLUSIONS

In conclusion, the incidence of asymptomatic PICC-RT among adult
patients is high. It usually occurs in the superficial veins within two
weeks after the PICC placement. Additionally, the higher ECOG
score, slower blood flow velocity and left basilic vein were inde-
pendent risk factors of asymptomatic PICC-RT.
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