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Abstract

Background

Applicability of totally implantable venous access port (TIVAP) and peripherally inserted
central venous catheter (PICC) in non-hematological malignancies patients remains
controversial.

Methods

A systematic studies search in the public databases PubMed, EMBASE, Wan Fang, CNKI
(China National Knowledge Infrastructure), the Cochrane Library and Google Scholar
(updated to May 1, 2020) was performed to identify eligible researches. All statistical tests in
this meta-analysis were performed using Stata 12.0 software (Stata Corp, College Station,
TX). A P value less than 0.05 was considered statistically significant.

Results

Thirteen studies were included in this final meta-analysis. The pooled data showed that
compared with PICC, TIVAP was associated with a higher first-puncture success rate
(OR:2.028, 95%Cl:1.25-3.289, P<0.05), a lower accidental removal rate (OR:0.447, 95%
Cl:0.225-0.889, P<0.05) and lower complication rates, including infection (OR:0.570, 95%
Cl: 0.383-0.850, P<0.05), occlusion (OR:0.172, 95%CI:0.092—0.324, P<0.05), malposition
(OR:0.279, 95%CI:0.128-0.608, P<0.05), thrombosis (OR:0.191, 95%Cl, 0.111-0.329,
P<0.05), phlebitis (OR:0.102, 95%Cl, 0.038-0.273, P<0.05), allergy (OR:0.155, 95%
Cl:0.035-0.696, P<0.05). However, no difference was found in catheter life span (P>0.05)
and extravasation (P>0.05). Moreover, TIVAP is more expensive compared with PICC in
six-month use (weighted mean difference:3.132, 95%CIl:2.434-3.83, P<0.05), but is much
similar in 12 months use (P>0.05).
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Conclusion

For the patients with non-hematological malignancies, TIVAP was superior to PICC in the
data related to placement and the incidence of complications. Meanwhile, TIVAP is more
expensive compared with PICC in six-month use, but it is much similar in twelve-month use.

Introduction

With rapid population growth and aging societies worldwide, cancer has become the leading
cause of death [1]. The process of treating oncology patients, however, is complicated [2]. Che-
motherapy is one of the major treatments used to prolong the life span and to improve the
quality of life of patients with cancer. Many chemotherapies, such as cytotoxic drugs infused
through intravenous access, can lead to damage of the peripheral blood vessels. As such, estab-
lishing and maintaining good venous access is essential [3].

Currently, venous access includes peripheral venous and central venous routes. However,
traditional peripheral venous access requires repeated venipuncture, which can aggravate
patient pain and anxiety [4,5]. Central venous catheters (CVCs) represent a major advance for
oncology patients, enabling the effective delivery of chemotherapy and blood products, partic-
ularly for long-term infusions or in situations involving difficult venous access [6]. Totally
implantable venous access port (TIVAP) and peripherally inserted central venous catheters
(PICCs) have been used worldwide as two integral components of state-of-the-art methods of
CVCs [7-9]. However, they have different placement requirements and clinical effects.

TIVAP, which was introduced in the 1980s [10], is implanted using either an open surgical
procedure or by an imaging-guided radiological intervention [11,12], without the requirement
for external catheter lines [13]. It affords adequate patient comfort with minimal restriction to
normal activities and an acceptable cosmetic result [14,15]. PICCs are usually inserted through
a superficial vein in the upper extremity [8,14]. They are inserted and removed either by inter-
ventional radiologists or other advanced practice providers like vascular access nurses under
ultrasound or fluoroscopic guidance and afford quicker and more accessible management
[16-18]. Many studies have analyzed the advantages and disadvantages of the two methods.
However, current published studies have not been well-balanced, and the majority of included
patients were diagnosed with hematological malignancies. Chemotherapy for these patients is
more likely to cause myelosuppression compared to those with non-hematological malignan-
cies [19]. A previous study indicated that hematological malignancies are an independent risk
factor for complications in patients with an external access device [6]. There is no clear or con-
sistent evidence as to which type is safer or preferable in those with non-hematological malig-
nancies. As such, the evidence supporting the choice of one design over the other remains
controversial. Accordingly, we conducted a meta-analysis of all available—and ultimately, eli-
gible—studies to investigate and evaluate the data related to placement, complications, and
PICC line versus TIVAP devices in patients with non-hematological malignancies.

Methods
Search strategies

The studies related to applications of PICC versus TIVAP in non-hematological malignancies
with chemotherapy were searched in the databases of PubMed, EMBASE, Wan Fang, CNKI,
the Cochrane Library and Google Scholar using the keywords of ("totally implantable vascular
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access device " OR "PORT" OR "Port-A-Cath" OR "PAC" OR "venous access port" OR "VAP"
OR "totally implantable venous access port" OR "TIVAP" OR "TIVAD" OR "venous port
access” OR "VPA" OR "central venous access device" OR"CVAD" AND "Catheterization,
Peripheral" [Mesh]). All included articles were published before May 1 2020. An additional rel-
evant search was performed by manually searching the references of eligible studies or relevant
reviews. The articles were selected by two reviewers independently. Any inconsistent opinion
was solved by discussion and re-evaluation until a consensus was built.

Selection criteria

The publication inclusion criteria: 1) prospective or retrospective clinical research; 2) adult
patients diagnosed with non-hematology cancer; 3) the research must contain TIVAP group
and PICC group; 4) one or more observation indicators are required, including first-puncture
success rate, complications like occlusion, infection, malposition, catheter-related thrombosis,
phlebitis, and accidental removal rate and cost analysis; 5) the language of the included articles
are English or Chinese.

The publication exclusion criteria: 1) the research objects included in the experiments con-
tained hematological cancer; 2) review and case report were excluded; 3) failed to compare two
methods; 4) repeated data from the same population.

Quality assessment

The quality of each study was assessed using The Newcastle Ottawa Assessment Scale
(NOQAS) by two independent reviewers [20]. A maximum of nine-point scales for quality of
selection, comparability, and outcome of study participants was allocated to assess the quality
of observational studies. Studies that scored 6 of the 9 points were considered to be included.
NOQAS scores of each study in this meta-analysis ranged from 6 to 9.

Data extraction

All data were extracted by two independent reviewers. Discrepancies were resolved by discus-
sion and re-evaluation. We extracted the basic study information (name of the first author,
year of publication, region or country where the study was conducted and study population),
participant characteristics (gender), details of observation group and control group, including
the type of cancer; puncture and remove catheters; type of complications and costs.

Statistical analysis

Odds ratio (OR) was used to calculate the binary variable and weighted mean difference to
analyze continuous data. For studies that did not include the point estimates, we used available
data and applied the method reported by Tierney et al. to determine the OR and its 95% confi-
dence interval (CI) [21]. When OR>1, it means that TIVAP has a higher risk than PICC.
When OR<1, it means that TIVAP has a lower risk than PICC. When OR =1 or 95% CI across
1, it means that there is no significant difference between TIVAP and PICC. Weighted mean
difference was used to validate continuous variables such as catheter life span and cost. Hetero-
geneity across studies was checked by a chi-square based on Q test and the I” test. I*
values<25% is an indicator of mild heterogeneity, I* values between 25% and 50% correspond
to moderate heterogeneity, and I” values>>50% correspond to large heterogeneity. For a Q sta-
tistic P-value>0.05 or I°<50%, we used a fixed-effects model to calculate the pooled estimates;
otherwise, a more conservative random-effects model was used. Sensitivity analysis was per-
formed to test the reliability of the overall pooled results. All statistical tests in this meta-
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analysis were performed using Stata 12.0 software (Stata Corp, College Station, TX). A P value
less than 0.05 was considered statistically significant.

Statement

Our work has been reported in line with PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) and AMSTAR (Assessing the methodological quality of system-
atic reviews) Guidelines.

Results
Search results and study characteristics

The initial literature search retrieved 669 potentially eligible studies. After screening titles,
however, 536 records were excluded: 463 were non-cancer related, 50 were reviews, letters, or
case reports, and 10 were duplicates. Among the remaining 133 articles, 92 were excluded after
reading the abstract, including 41 that failed to address PICC or TIVAP and 28 that investi-
gated patients with hematological cancers. After full-text review, 28 additional articles were
excluded due to lack of useful outcome(s) and one for data repeated from the same population.
Ultimately, 13 cohort studies involving 3,239 patients [2,3,6,22-31], based on the inclusion cri-
teria and quality assessment, were included. Details of the selection process are illustrated in
Fig 1. Among these 13 studies, six were from China, five from Europe, one each was from Can-
ada and Australia. Table 1 summarized the detailed characteristics of these studies.

Quantitative synthesis

To evaluate the applicability of TIVAP and PICC in non-hematological cancer patients, rele-
vant data were investigated in the present meta-analysis. Data regarding first-puncture success
rate, accidental removal rate, complications, such as occlusion, infection, malposition, throm-
bosis, extravasation, phlebitis and allergy, were extracted from the included studies for the cal-
culation of pooled odds ratios (ORs). Catheter life span and cost(s) were extracted to calculate
pooled mean differences.

Data related to placement

First-puncture success rate. Seven studies reported the effect of TIVAP and PICC on the
first-puncture success rate. There was no significant heterogeneity among the studies (I* =
0.0%, P = 0.621), and the results revealed that the first-puncture success rate was significantly
higher than that for PICC (OR:2.028, 95%CI:1.25-3.289, P = 0.004) (Fig 2A and 2B).

Accidental removal rate. Six studies reported the effects of TIVAP and PICC on the acci-
dental removal rate. No statistical heterogeneity was observed among the studies (I* = 0.0%,

P =0.775). Analysis revealed that the accidental removal rate was significantly lower for
TIVAP compared with PICC (OR:0.447, 95%CI:0.225-0.889, P = 0.022) (Fig 2C and 2D).

Catheter life span. Results from six studies were pooled to analyze the effect of TIVAP
and PICC on catheter life span. Apparent heterogeneity was clear (I* = 98.7%); as such, a ran-
dom effect model was used with the results (OR:1.988, 95%CI:0.796-3.180, P = 0.001) (Fig 2E
and 2F). Although the catheter life span for TIVAP was longer than that for PICC, there were
no statistical differences between the two methods.

Complications. Catheter-related complication rates ranged from 3.5% to 19% in the
TIVAP group, and from 12% to 37% in the PICC cohorts, and mainly included infection,
occlusion, malposition, thrombosis, extravasation, phlebitis and allergy. The most common
complication was infection. Significant results with moderate between-study heterogeneity
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Fig 1. Prisma®flow diagram of the searching processes and results.
https://doi.org/10.1371/journal.pone.0255473.9001
Table 1. Characteristics of 13 studies included in the meta-analysis.
Author/Year Country Journal Cases(n) Gender(M/F) NOS score
Knut et al. [22]/2019 Sweden Br ] Anaesth 399 174/225 8
Wang et al. [26]/2016 China Med Philos B 110 0/110 7
Verboom et al. [3]/2017 Netherlands Clin Sarcoma Res 112 NA 7
Wang et al. [30]/2019 China Chinese Journal of Hospital Statistics 240 0/240 7
Hou et al. [31]/2017 China Chinese Journal of Woman and Child Health Research 725 0/725 8
Lefebvre et al. [27]/2016 Germany Support Care Cancer 448 0/448 9
Clemons et al. [23]/2020 Canada Supportive Care in Cancer 41 0/41 8
Fang et al. [25]/2017 China Patient Prefer Adherence 105 45/60 8
Lu et al. [28]/2017 China Chin Remedies Clin 550 0/550 7
Liu et al. [29]/2017 China Chin J Prac Nurs 298 0/298 7
Patel et al. [6]/2013 Australia Supportive Care in Cancer 70 36/34 8
Martella et al. [24]/2015 Italian Anticancer Drugs 102 4/98 8
Coady et al. [2]/2015 United Kindoms The journal of vascular access 39 15/24 7
NA: Not available.
https:/doi.org/10.1371/journal.pone.0255473.t001
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Fig 2. Forest plots and Funnel plots for publication bias test for the comparing data related to placement between TIVAP and PICC. (a

and b) the first-puncture success rate, (c and d) the accidental removal rate, (e and f) catheter life span.

https://doi.org/10.1371/journal.pone.0255473.9g002

indicated that TIVAP was associated with a lower infection rate compared with PICC (OR:

0.570, 95%CI:0.383-0.850, P = 0.006, I* = 64.9%) (Fig 3).

Occlusion in the TIVAP group was significantly lower than in the PICC group (OR:0.172,
95%CI:0.092-0.324) (Fig 4A), and malposition (OR:0.279, 95%CI:0.128-0.608) (Fig 4B),
thrombosis (OR:0.191, 95%CI:0.111-0.329) (Fig 4C), phlebitis (OR:0.102, 95%CI:0.038-0.273)
(Fig 4E), and allergy (OR:0.155, 95%CI:0.035-0.696) (Fig 4F). However, there was no signifi-
cant difference between the TIVAP and PICC groups with regard to extravasation (OR:0.510,

95%CI:0.130-1.997) (Fig 4D).
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Publication bias in the selected studies was assessed using funnel plot and Begg’s test. There
was moderate statistical between-study heterogeneity for phlebitis (I* = 33.6%) and mild het-
erogeneity for thrombosis (I = 16.1%) and allergy (I* = 15.2%). No evidence of publication
bias was found among the other complications (Fig 5).

Costs. Pooled meta-analysis was conducted using five studies. When the catheter was
maintained for < 6 months, the cost was significantly higher in the TIVAP group than in the
PICC group (weighted mean difference:3.132, 95%CI 2.434-3.83, P < 0.05) (Fig 6A and 6B).
However, when the catheter indwell duration was > 12 months, although the cost of TIVAP is
supposed to be lower than PICC with prolonged use, the cost between the two methods was
similar (weighted mean difference:-1.574, 95%CI: -3.699-0.551, P > 0.05) ((Fig 6C and 6D).

Discussion

TIVAP and PICCs are two integral components methods of CVCs, widely used in oncology
patients management. Many studies have been conduct to compare the application value
between TIVAP and PICC in oncology patients management. Previous similar meta-analyses
have often included patients with hematological malignancies [32], which patient population
usually exhibits heterogeneity in severe myelosuppression. Therefore, the meta-analysis of
patients with hematological malignancies choosing TIVAP or PICC as their better central
venous access cannot provide a practical guide for non-hematological cancer patients. Patients
with non-hematological cancer(s) still, however, must choose one type of specific vascular
access for oncology management. Whether PICC or TIVAP is a better choice for management
in non-hematological cancer patients remains controversial.

Accordingly, we conducted a meta-analysis and found that for data related to placement,
TIVAP was associated with a higher first-puncture success rate and lower accidental removal
rate compared with PICC, and there was no significant difference in catheter life span between
the two methods. Second, TIVAP was associated with lower complication rates than PICC,
including infection, occlusion, malposition, catheter-related thrombosis, phlebitis, and acci-
dental removal rate. However, no significant difference was found in extravasation. Third,
TIVAP was more expensive compared with PICC in six-month use, but was essentially similar
over a 12-month period and may account for lower costs than PICC when used for > 12
months.

Nowadays, ultrasound and X-ray greatly facilitated the line construction. Standardized
training for line placement also improved the puncture success rate. However, whether TIVAP
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or PICC has a higher first-puncture rate remains controversial. Many studies have reported
that the first-puncture success rate for TIVAP is higher than that for PICC; however, Lu et al.
reported a higher first-puncture success rate for PICC with no significant difference between
TIVAP and PICC [28]. We conducted this meta-analysis and found that TIVAP was associated
with a higher first-puncture success rate. Meanwhile, we found that the removal rate in the
TIVAP group was lower than in the PICC group, which is consistent with results from most

studies.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255473  August 3, 2021

8/14


https://doi.org/10.1371/journal.pone.0255473.g004
https://doi.org/10.1371/journal.pone.0255473

PLOS ONE

Applicability of TIVAP versus PICC in non-hematological malignancies patients

a Funnel plot with pseudo 95% confidence limits
o
EliN
7 N
v k1
/ X
/ N\
o // \\
£ . \
F 4 % \\
E /7 N
% /// \\
ST P2 s
= > .
8 // \\
o) \\
< % &3
. N
o~
-4 -2 0 2 4
OR
C Funnel plot with pseudo 95% confidence limits
o |
7N
7/ N
s/ N\
F AN
7/ N
7/ N
g / ¢ AN
4 A
—_ /7 S \\
g /// .’ N
o 4 /
o = / 2
— s
3 J N
/ N
0 ‘ \\
N N
o
-4 -2 0 2 4
OR
e Funnel plot with pseudo 95% confidence limits
o |
s AN
A RN
v 4 N
. N
e N\
v <
0 4 s LN
7/ X
. N
o 7 N
o // \\
1 ’
\d-; N\
L) e N
w0 | i < b g
~— % AN
7 Ve
o~
-2 0 2 4
OR

Funnel plot with pseudo 95% confidence limits

-4

Fig 5. Funnel plot for publication bias test for the relationship of TIVAP and PICC with the risk of follow complications. (a)occlusion, (b)
malposition, (c) catheter-related thrombosis, (d) extravasation, (e)phlebitis, (f) allergy.

https://doi.org/10.1371/journal.pone.0255473.9005

TIVAP could theoretically remain in vivo for 19-38 years. It demands simple maintenance
once per month and functions for many years. Although catheter life span has been reported
to be longer in TIVAP than in PICC in most studies, we found no significant difference in
catheter life span between the two methods in the present meta-analysis. Most non-hematol-
ogy cancer patients choose to have their catheters removed after chemotherapy, which may
contribute to this result. Moreover, there are fewer complications associated with TIVAP

maintenance.
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https://doi.org/10.1371/journal.pone.0255473.9006

Seven complications were addressed in our study, including infection, occlusion, malposi-

tion, catheter-related thrombosis, extravasation, phlebitis and allergy. Taxbro et al. reported a

higher risk for infection in the TIVAP group [22]. However, Verboom et al. suggested that the
infection rate for TIVAP is lower than that for PICC [3]. Our meta-analysis revealed that the
incidence of TIVAP-related infection was lower than that for PICC. The puncture point for
PICC is the upper arm and catheter joints are vulnerable to infection. However, TIVAP has no
external exposure because its catheter is totally implanted under the skin; therefore, the infec-
tion rate is comparable with that of PICC. We also found that the incidence of occlusion, mal-
position, catheter-related thrombosis, phlebitis and allergy were significantly lower in the
TIVAP group than in the PICC group. Thrombosis and line occlusion are severe complica-
tions in cancer patients with venous catheters. According to related studies, catheter occlusion
is more likely to occur in patients with PICC lines [33]. A possible reason is that PICCs are
placed in small vessels, resulting in a large percentage of vessel lumen occupied by the catheter,
which may cause stasis of flow and thrombosis. The increased mobility of PICCs also stimu-
lates blood vessels and causes endothelial injury and leads to phlebitis. Lefebvre et al. reported
two types of malposition: catheter dislodgement and migration of the tip [27]. Moreover, they
also documented more PICC-related malposition in their study. A possible reason is that
PICCs need to be inserted from the median vein cubits to the superior vena cava. The branches
of the superior vena cava are complicated; as such, it is difficult for the PICC tip to be installed
at an ideal position without a guide conductor. Glauser et al. introduced a fluoroscopically

10/14

PLOS ONE | https://doi.org/10.1371/journal.pone.0255473  August 3, 2021


https://doi.org/10.1371/journal.pone.0255473.g006
https://doi.org/10.1371/journal.pone.0255473

PLOS ONE

Applicability of TIVAP versus PICC in non-hematological malignancies patients

guided technique for PICC that reduced tip malposition rate at insertion [34]. However,
TIVAP is usually inserted in the operating room using Doppler ultrasound guidance and is
securely fixed under the skin after insertion. Therefore, it is not easy to be moved or dislodged
by the activities of daily life. The visualized operation assisted by doppler ultrasound can mini-
mize the difficulty of TIVAP placement and thus, reduce relevant complications [35]. The
most common reason for allergy is dressing. PICC restricts the choice of dressing and the
puncture site, which is always in the arm skin contact with the dressing. It is more frictive in
daily life than TIVAP, for which the puncture site is usually located in the chest. Therefore,
PICC caused more allergic problems reported in those studies. Our meta-analysis revealed no
significant difference in extravasation between the TIVAP and PICC groups, consistent with a
previous study. Moreover, we noticed some specific complications when inserting TIVAP,
including pneumothorax, arterial puncture, and other serious issues. These complications
were mainly associated with physician proficiency in the operation/procedure; therefore, tech-
nical training and accumulation of relevant experience are essential for successful TIVAP
implantation.

Regarding costs associated with the two methods, the results of our analysis suggest that
TIVAP is more expensive than PICC in 6-month use, but is highly similar over a 12-month
period, and may actually account for lower costs than PICCs used over 12 months. Most non-
hematological cancer patients end their chemotherapy in 9 months [24], and PICC is more
efficient in mitigating major complications because it can be removed at the bedside compared
with TIVAP, which requires a one-day surgical procedure. When the regimen is over 1 year,
TIVAP is easier to maintain with regard to dressing changes (every four weeks) compared
with PICC (every week). As such, it dramatically reduces transport expenses and other relative
costs to patients visiting the hospital for necessary maintenance.

Limitation

Publication limitation could have been present due to the inclusion of English and Chinese
published studies only. So geography bias may exist. Meanwhile, PICC is used for a short dura-
tion, while TIVAP is used for a longer period. The AEs(adverse events) among the two meth-
ods in terms of both short period (for example, 3 weeks) and long period (for example, 3
months) are lack in previous studies, further studies need to compare this in the future. Addi-
tionally, the cost may be diverse in different regions, as many other factors can influence the
cost. Further, the satisfaction and comfort of patients with TIVAP or PICC were not evaluated
in our meta-analysis for the different criteria difficult to conduct and lack of sufficient data.
Moreover, heterogeneity was also observed in this meta-analysis, resulting from different char-
acteristics of the included patients and inconsistent standards of some evaluation parameters.

Conclusion

According to the results of our meta-analysis, for the patients with non-hematological malig-
nancies, TIVAP was superior to PICC in the data related to placement and the incidence of
complications. TIVAP is more expensive compared with PICC in six-month use, but is much
similar in 12 months.
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