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Abstract
Background: Both midline catheters (MCs) and peripherally inserted central cath-
eters (PICCs) can cause venous thromboembolism (VTE), but the prevalence associ-
ated with each is controversial.
Objective: To compare the risk of VTE between MCs and PICCs with a systematic 
review and meta- analysis.
Methods: The Web of Science Core Collection, PubMed, Scopus, Embase, the 
Cochrane Library and ProQuest were searched from inception to January 2020. All 
studies comparing the risk of VTE between MCs and PICCs were included. Selected 
studies were assessed for methodological quality using the Downs and Black check-
list. Two authors independently assessed the literature and extracted the data. Any 
different opinion was resolved through third- party consensus. Meta- analyses were 
conducted to generate estimates of VTE risk in patients with MCs versus PICCs, and 
publication bias was evaluated with RevMan 5.3.
Results: A total of 86 studies were identified. Twelve studies were recruited, in-
volving 40,871 patients. The prevalence of VTE with MCs and PICCs was 3.97% 
(310/7806) and 2.29% (758/33065), respectively. Meta- analysis showed that the 
prevalence of VTE with MCs was higher than that with PICCs (RR=1.53, 95% CI: 
1.33– 1.76, p < .00001). Subgroup analyses by age showed that the prevalence of VTE 
with MCs was higher than that with PICCs in the adult group (RR=1.75, 95% CI: 1.38– 
2.22, p < .00001), and higher than that with PICCs in the other subgroups (RR=1.42, 
95% CI: 1.19– 1.69, p = .0001). Subgroup analyses by nation showed that the preva-
lence of VTE with MCs was higher than that with PICCs (RR=1.50, 95% CI: 1.30– 1.73, 
p < .00001) in US subgroup and higher than that with PICCs (RR=2.87, 95% CI: 1.24– 
6.65, p = .01) in the other nations. The sensitivity analysis shows that the results from 
this meta- analysis are robust and all studies have no significant publication bias.
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1  | INTRODUC TION

Venous thromboembolism (VTE) is a common complication in in-
travenous therapy. VTE is a potentially life- threatening condition 
that includes deep vein thrombosis (DVT) and pulmonary embolism 
(PE). The predominant symptoms of DVT include pain, tenderness 
and swelling of the involved limb, while those of PE include dysp-
noea, tachypnoea and pleuritic chest pain (Clay et al.,2018). VTE is a 
cause of significant economic burden in Europe (Cohen et al.,2007). 
Some studies have indicated the costs of VTE in the European Union 
were 1,800 euro after 3 months and 3,200 euro after 1 year, and in 
the United States, the costs of the initial VTE were approximately 
$3,000– 9,500, $5,000 over 3 months, $10,000 after 6 months and 
$33,000 after 1 year, which represent a considerable impact on 
healthcare systems (Ruppert et al.,2011). VTE is related to vascu-
lar access devices (VADs). The prevalence of VTE caused by various 
VADs is different.

A midline catheter (MC) is approximately a 3-  to 8- inches long, 
thin, soft tube that is inserted in the antecubital area, and the tip 
of this catheter is at or below the axillary vein. The prevalence 
of VTE with MCs has been reported in many studies to be 0%– 
11.88% (Chopra et al.,2019; Lisova et al.,2018). A peripherally in-
serted central catheter (PICC) is a form of intravenous access that 
is inserted in a peripheral vein such as a vein in the arm or saphe-
nous vein, and the tip reaches the superior vena or right atrium 
and thus becomes a central catheter. PICCs are utilized to obtain 
central venous access. For example, it may be used for long che-
motherapy regimens, extended antibiotic therapy, total parenteral 
nutrition, or for the administration of substances that should not 
be peripherally administered. In some studies, the prevalence of 
VTE in PICCs was 0.5%- 13% (Al- Asadi et al.,2019; Dai et al.,2019; 
Dhir et al.,2019; Jacques et al.,2018; Jumani et al.,2013; Kang, 
et al., 2017; Kang, et al., 2017; Noonan et al.,2018; Taxbro 
et al.,2019).

Many studies have shown that the prevalence of VTE in MCs 
and PICCs is controversial. In MCs and PICCs, which VADs leads 
to higher VTE prevalence? To provide evidence for the selection 
of appropriate VADs for intravenous therapy, the risk of VTE was 
compared between MCs and PICCs with a systematic review and 
meta- analysis.

2  | METHODS

2.1 | Literature search

We followed the preferred reporting item for systematic reviews 
and meta- analyses (PRISMA) guidelines in conducting this system-
atic review and meta- analysis (Moher et al.,2009). We performed 
a serial literature search for English and non- English papers during 
January 2020. The Web of Science Core Collection (Science Citation 
Index Expanded: 1900- present; Social Sciences Citation Index: 
1900- present; Arts & Humanities Citation Index: 1975- present; 
Conference Proceedings Citation Index-  Science: 1996- present; 
Conference Proceedings Citation Index-  Social Science & Humanities: 
1996- present; Emerging Sources Citation Index: 2015- present), 
PubMed (inception- present), Scopus (inception- present), Embase 
(inception- present), the Cochrane Library (inception- present) and 
ProQuest (inception- present) were searched. We used Boolean 
logic with search terms including “midline catheter*,” “midline ve-
nous catheter*,” “midline peripheral catheter*,” “medium- term in-
travenous access*,” “peripherally inserted central catheter*,” “PICC 
line,” “PICC,” “percutaneous indwelling central catheter*,” “peripher-
ally inserted central venous catheter*,” “phlebothrombo*,” “venous 
thrombus*,” “venous thrombo*,” “deep vein thrombo*” and “pulmo-
nary embolism*.” To search for all terms that begin with a word, enter 
the word followed by an asterisk. Box 1 provides a detailed search 
strategy for the Web of Science Core Collection.

Conclusions: This study provides the first systematic assessment of the risk of VTE 
between MCs and PICCs. MCs are associated with a higher risk of VTE than PICCs in 
all patients and adults. The findings of this study have several important implications 
for future practice. However, the risk of VTE between MCs and PICCs in children is 
unclear.

K E Y W O R D S

complication, intravenous therapy, midline catheter, peripherally inserted central catheter, 
systematic review, venous thromboembolism

Essentials

The prevalence of venous thromboembolism (VTE) associ-
ated with midline catheters (MCs) and peripherally in-
serted central catheters (PICCs) is controversial.

The risk of VTE was compared between MCs and PICCs 
with a systematic review and meta- analysis.

This study provides the first systematic assessment of the 
risk of VTE between MCs and PICCs.

MCs are associated with a higher risk of VTE than PICCs in 
all patients and adults.
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2.2 | Study eligibility and selection criteria

Two authors independently determined study eligibility. Any dif-
ferences in opinion about eligibility were resolved through another 
author as a third- party consensus. Studies were included if they 
compared the complication of VTE between PICCs and MCs. Studies 
were excluded if they (1) were case reports, reviews, commentar-
ies or studies that did not report the prevalence of VTE; (2) were 
non- human studies; (3) were secondary research; (4) included sev-
eral participants <10; (5) were a duplicate report; and (6) reported 
incomplete data, and the relevant data were not available.

2.3 | Definition of variables and outcomes

PICCs was defined as catheters inserted in the basilic, cephalic or 
brachial veins of the upper extremities with tips that terminated in 
the superior vena or right atrium. MCs were defined as a typical 8-  
to 20- cm long catheter and placed peripherally into the antecubital 
fossa or upper arm, with the tip located at or below the axillary vein. 
The primary outcome was the occurrence of VTE after MCs or PICCs 
placement. VTE included deep vein thrombosis (DVT) or pulmonary 
embolism (PT). DVT is a medical condition that occurs when a blood 
clot forms in a deep vein. These clots are developed in the deep vein 
of the arm (brachial, axillary, subclavian or internal jugular veins) and 
detected by compression ultrasonography, venography or CT scan. 
The occurrence of PE was based on reports of diagnosis in each study.

2.4 | Data abstraction and validity assessment

Data were independently collected from all included studies on a 
template adopted from the Cochrane collaboration (Li et al., 2019). 
For all studies, we extracted author, publication year, study design, 
study location, study period, population, study indicator, number of 
MCs and PICCs, and number of VTE.

2.5 | Quality of included papers assessment

The quality of the included studies was independently assessed by 
two authors. Because retrospective cohort studies and randomized 
controlled trials met the inclusion criteria, the quality of included pa-
pers was assessed according to the checklist for measuring study 
quality developed by Downs and Black (Downs & Black, 1998). This 
tool included 5 sections that included reporting (10 questions, total 
score of 11), external validity (3 questions, total score of 3), inter-
nal validity or bias (7 questions, total score of 7), internal validity or 
confounding (6 questions, total score of 6), power (1 question, total 
score of 5). Quality assessment of the studies was determined by the 
following cut- off points: excellent (≥26), good (20– 25), fair (15– 19) 
and poor (≤14) (Ray- Barruel et al., 2019). An overall quality score was 
assigned to individual studies.

2.6 | Statistical analysis

The meta- analyses were conducted using Review Manager soft-
ware, version 5.3 (https://commu nity.cochr ane.org/help/tools 
- and- softw are/revma n- 5). Dichotomous outcomes eligible in 
each study are reported as a risk ratio (RR) with an estimated 95% 
confidence interval (CI). Continuous outcomes are shown as the 
weighted mean difference (WMD) with the 95% CI, which were cal-
culated from the mean, standard deviation (SD), P- value and sample 
size in each study. Heterogeneity was assessed using Higgins I2, 
which evaluates the percentage of total variation across studies 
that were due to heterogeneity rather than by chance: 0%≤I2<25%, 
25%≤I2<50%, 50%≤I2<75% and 75%≤I2 indicated no heterogene-
ity, low heterogeneity, moderate heterogeneity and severe het-
erogeneity, respectively. Thus, if I2>50%, which was considered 
to reflect substantial heterogeneity, a random effects model was 
used. If I2≤50%, which was considered to reflect no heterogeneity, 
a fixed effects model was employed. The chi- square tests were also 
used to evaluate the heterogeneity: p <.1 indicates heterogene-
ity, while p >.1 indicates no heterogeneity. A p <.05 was consid-
ered statistically significant. The publication biases were judged by 
funnel plots.

2.7 | IRB approval

This meta- analysis study was approved by the institutional review 
board.

3  | RESULTS

3.1 | Eligible studies

A total of 86 studies were identified, and 12 duplicated articles were 
excluded. Fifty- six studies, including case series (n = 6), reviews 

BOX 1 Search strategy in the Web of Science 
Core Collection

#1 TOPIC: (midline catheter*) OR TOPIC: (midline venous 
catheter*) OR TOPIC: (midline peripheral catheter*) OR 
TOPIC: (medium- term intravenous access*)
#2 TOPIC: (peripherally inserted central catheter*) OR 
TOPIC: (peripherally inserted central venous catheter*) 
OR TOPIC: (percutaneous indwelling central catheter*) OR 
TOPIC: (PICC line) OR TOPIC: (PICC)
#3 TOPIC: (phlebothrombos*) OR TOPIC: (thrombus*) OR 
TOPIC: (venous thrombo*) OR TOPIC: (deep vein thrombo*) 
OR TOPIC: (pulmonary embolism*)
#4 #1 AND #2 AND #3

https://community.cochrane.org/help/tools-and-software/revman-5
https://community.cochrane.org/help/tools-and-software/revman-5
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(n = 31), duplicate reports (n = 3) and other forms of publication 
(n = 16), were excluded after screening the title and abstract. After 
assessment of full- text articles for eligibility, an additional six stud-
ies were excluded due to the following criteria: non- thrombosis end-
point (n = 3), review (n = 1), commentary (n = 1) and no control group 
(n = 1). Finally, 10 comparative cohort studies and two RCTs were 
included in the present meta- analysis. A total of 12 studies were se-
lected for data extraction. The flow chart of the study selection is 
summarized in Figure 1.

3.2 | Study characteristics

A total of 12 studies were selected for inclusion in this meta- analysis 
(Bahl et al.,2019; Benali et al.,2013; Caparas & Hu, 2014; Kaatz 
et al.,2019; Lisova et al.,2015; Moureau et al.,2002; Seo et al.,2020; 
Sharma et al.,2018; Sharp et al.,2014; Tso et al.,2017; Xu et al.,2016; 
Zohourian et al.,2019), with nine studies from the United States, 
accounting for 75.00%, and one study each from Australia (Sharp 
et al.,2014), Canada (Benali et al.,2013) and the Czech Republic 
(Lisova et al.,2015). Three studies were abstracts of meetings (Benali 
et al.,2013; Kaatz et al.,2019; Sharma et al.,2018). Overall, 40,871 
participants were included; 7,806 (19.10%) were included in the MCs 
group; and 33,065 (80.90%) were included in the PICCs group. A 
summary of the included studies is presented in Table 1.

3.3 | Study quality

The study quality for all 12 independent studies is shown in Table 2. 
Four studies were poor (Benali et al.,2013; Kaatz et al.,2019; Lisova 
et al.,2015; Sharma et al.,2018), three studies were fair (Moureau 
et al.,2002; Tso et al.,2017; Zohourian et al.,2019), and five studies 
were good (Bahl et al.,2019; Caparas & Hu, 2014; Seo et al.,2020; 
Sharp et al.,2014; Xu et al.,2016).

3.4 | Meta-analysis results

A total of 12 studies were analysed that involved 40,871 pa-
tients. The prevalence of VTE with MCs and PICCs was 3.97% 
(310/7806) and 2.29% (758/33065), respectively. Heterogeneity 
among the studies was low (I2=21%, p =.24). Thus, a fixed effects 
model was used. The meta- analysis showed that the prevalence 
of VTE with MCs was higher than that with PICCs (RR=1.53, 
95% CI: 1.33– 1.76, p <.00001). If the four poor studies were re-
moved (Benali et al.,2013; Kaatz et al.,2019; Lisova et al.,2015; 
Sharma et al.,2018), heterogeneity among the studies was low 
(I2=0%, p =.68). Thus, a fixed effects model was used. The 
meta- analysis showed that the prevalence of VTE with MCs was 
higher than in PICCs (RR=1.57, 95% CI: 1.36– 1.82, p <.00001) 
(Figure 2).

F I G U R E  1   Summary of the literature 
identification and selection process
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Subgroup analyses were performed among adults and the 
others; the others subgroup included studies in children (Benali 
et al.,2013), children and adults (Moureau et al.,2002; Tso 
et al.,2017), and no reporting age of the participants (Caparas & 
Hu, 2014; Kaatz et al.,2019; Sharma et al.,2018; Tso et al.,2017; 
Zohourian et al.,2019). In the adult subgroup, heterogeneity among 
the studies was low (I2=0%, p =.96). The meta- analysis showed that 
the prevalence of VTE with MCs was higher than that with PICCs 
(RR=1.75, 95% CI: 1.38– 2.22, p <.00001). In the others subgroup, 
heterogeneity among studies was moderate (I2=52%, p =.06). The 
meta- analysis showed that the prevalence of VTE with MCs was 
higher than that with PICCs (RR=1.42, 95% CI: 1.19– 1.69, p =.0001) 
(Figure 2).

Subgroup analyses were performed among the United States 
and the other nations; the other nations’ subgroup included stud-
ies in Australia (Sharp et al.,2014), Canada (Benali et al.,2013) and 
the Czech Republic (Lisova et al.,2015). In the US subgroup, hetero-
geneity among the studies was low (I2=30%, p =.19). Meta- analysis 
showed that the prevalence of VTE with MCs was higher than that 
with PICCs (RR=1.50, 95% CI: 1.30– 1.73, p <.00001). In the other 
nations’ subgroup, heterogeneity among the studies was low (I2=0%, 
p =.46). Meta- analysis showed that the prevalence of VTE with 
MCs was higher than that with PICCs (RR=2.87, 95% CI: 1.24– 6.65, 
p =.01).

3.5 | Sensitivity analyses

Sensitivity analyses were conducted. If Moureau et al (Moureau 
et al.,2002) were rejected, heterogeneity decreased significantly 
(I2=23%, p =.27) and the meta- analysis showed that the preva-
lence of VTE was not significantly different between MCs and 
PICCs (RR=0.90, 95% CI: 0.58– 1.42, p =.66) among the others 
subgroup. Heterogeneity and meta- analysis results were not sig-
nificantly different between the adult subgroup, US subgroup, 
the other nations’ subgroup and all studies. If Bahl et al. (2019) 
were rejected, heterogeneity (I2=0%, p =.90) and the meta- 
analysis showed that the prevalence of VTE was not significantly 
different between MCs and PICCs (RR=1.98, 95% CI: 0.90– 
4.36, p =.09) among the adult subgroup. Heterogeneity and the 
meta- analysis results were not significantly different in the oth-
ers subgroup, US subgroup, the other nations’ subgroup and all 
studies.

There was no significant change in the heterogeneity, and 
meta- analysis results after other studies were rejected one by 
one.

3.6 | Publication bias analyses

Funnel plots of publication bias for studies examining VTE were as-
sessed (Figure 3). The symmetry found in the funnel plots indicated 
no publication bias.St
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4  | DISCUSSION

VTE is a serious complication in intravenous therapy. VTE can in-
crease the length of hospitalizations, costs and mortality (Devani 
et al.,2017; Lyman et al.,2018; Mittal et al.,2018). The prevalence 
of VTE was different with different VADs. PICCs is long- term use of 
central venous access. MCs is a new type of VAD, which has been 

widely used. Both MCs and PICCs can cause VTE in intravenous 
therapy. Many studies have shown that the risk of VTE in MCs and 
PICCs is different. In this study, the risk of VTE between MCs and 
PICCs was compared with a systematic review and meta- analysis, to 
provide evidence for the selection of appropriate VADs for intrave-
nous therapy. This is the first systematic assessment of the risk of 
VTE between MCs and PICCs.

TA B L E  2   Quality of included studies

Study reporting
External 
validity

Internal validity 
-  bias

Internal validity 
-  confounding Power Total

(Seo et al.,2020) 9 3 5 2 2 Good (21)

(Kaatz et al.,2019) 6 1 3 0 1 Poor (11)

(Bahl et al.,2019) 9 2 3 3 3 Good (20)

(Zohourian et al.,2019) 6 2 4 2 3 Fair (17)

(Sharma et al.,2018) 3 1 2 1 2 Poor (9)

(Tso et al.,2017) 7 2 3 4 2 Fair (18)

(Xu et al.,2016) 10 3 4 4 2 Good (23)

(Lisova et al.,2015) 5 1 3 2 2 Poor (13)

(Caparas & Hu, 2014) 9 3 4 5 2 Good (23)

(Sharp et al.,2014) 9 3 4 3 3 Good (22)

(Benali et al.,2013) 4 1 4 4 1 Poor (14)

(Moureau et al.,2002) 7 2 4 3 3 Fair (19)

F I G U R E  2   Pooled results for VTE between MCs and PICCs
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In this study, we found that the prevalence of VTE with MCs was 
higher than that with PICCs (RR=1.53, 95% CI: 1.33– 1.76, p <.00001) 
in all patients. The meta- analysis results have no significant changed 
after the four poor studies were removed. The sensitivity of overall 
studies is robust.

In subgroup analyses, we found that the prevalence of VTE with 
MCs was higher than that in MCs in adults (RR=1.75, 95% CI: 1.38– 
2.22, p <.00001). However, if Bahl et al. (2019) were rejected, the 
prevalence of VTE was not significantly different between MCs and 
PICCs among adult studies (RR=1.98, 95% CI: 0.90– 4.36, p =.09). 
Therefore, a more contrastive study of VTE between MCs and PICCs 
in adults is still needed in the future. Only one study focused on 
the prevalence of VTE between PICCs and MCs in children, Benali 
et al. (2013) study indicated VTE has no significant difference be-
tween MCs and PICCs in children.

In the US subgroup, the meta- analysis showed that the preva-
lence of VTE with MCs was higher than that with PICCs (RR=1.50, 
95% CI: 1.30– 1.73, p <.00001). The meta- analysis results have no 
significant changed after other studies were rejected one by one. 
The sensitivity of overall studies is robust in the US subgroup. In 
the other nations’ subgroup, we have done nothing as three studies 
come from different countries.

4.1 | Limitations

Some study limitations are listed. a. As nine studies were from 
the United States, and one study each was from Australia, 
Canada and the Czech Republic, and publication bias existed, it 
may be some research was not retrieved. b. Twelve studies were 
included, while three studies were abstracts presented at meet-
ings. Some of the studies were of poor quality. c. Only published 
literature is included; unpublished results are not included. d. 
Most of the patients were adults, but few of them were children. 
This limitation means that study findings need to be interpreted 
cautiously.

5  | CONCLUSIONS

The purpose of the current study was to determine the risk of VTE 
associated with MCs compared with PICCs with a systematic review 
and meta- analysis. This study provides the first systematic assess-
ment of the risk of VTE between MCs and PICCs. The findings indi-
cate that the prevalence of VTE with MCs was higher than PICCs in 
all patients (RR=1.53, 95% CI: 1.33– 1.76, p <.00001) and was higher 
than PICCs in adults (RR=1.75, 95% CI: 1.38– 2.22, p <.00001). The 
findings of this study have several important implications for future 
practice. Further research is required to establish the risk of VTE 
between MCs and PICCs in children.
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