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Abstract

Purpose The aim of this systematic review was to identify the interventions used to treat obstructive events, whether thrombotic
or non-thrombotic, in long-term central venous catheters (LT-CVC) in cancer patients.

Methods This review included clinical trials and observational studies reporting the drugs used to treat obstructive catheter
events in cancer patients. The authors developed specific search strategies for CINAHL, Cochrane CENTRAL, LILACS,
PubMed, Scopus, Web of Science, Google Scholar, Open Grey, and ProQuest. The authors evaluated methodological quality
of included studies using criteria from Cochrane’s Collaboration Tool and the Methodological Index for non-randomized studies
(MINORS). The quality of evidence was analyzed by using GRADE’s software.

Results More than 9000 articles were found across the databases. After duplicates removed, the studies were selected in 2 phases.
After that, only 15 studies were included. The drugs used to restoration of catheter function were urokinase (53.3%), alteplase
(20%), tenecteplase (13.3%), reteplase (6.7%), recombinant urokinase (6.7%), and staphylokinase (6.7%). The results of meta-
analysis of 14 studies showed an overall restoration rate of ~ 84%. The drug type meta-analysis demonstrates a success rate of ~
84%, ~92%, and ~ 84% for urokinase, alteplase, and tenecteplase groups, respectively. The main methodological problem in
included articles concerns the sample. The quality of evidence ranged from very low to high.

Conclusion The most common interventions used to treat thrombotic catheter occlusion in cancer patients were urokinase and
alteplase. No evidence was found about the treatment for non-thrombotic occlusion, thus elucidating an important gap to be
investigated.

Keywords Vascular access devices - Central venous catheters - Catheter occlusion - Therapeutics - Systematic review

Introduction CVC facilitate medical care by providing easy and safe venous
access for blood tests, chemotherapy administration, parenteral
nutrition, and other intravenous medications [1]. Related to the

use of these types of vascular devices, catheter-related

Central venous catheters (CVC) are integral in the management
of'patients with chronic diseases, particularly those with cancer.
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thrombosis, infection, and obstruction are the most frequent
complications [2]. Occlusion may occur due to mechanical
causes, drug precipitation, or parenteral nutrition, or as a result
of a thrombotic process. There are numerous risk factors asso-
ciated with the development of obstruction, such as catheter
insertion site, number and size of lumens, and type of catheter
[3]. Chemotherapy alone is arisk factor that raises the incidence
of thrombotic occlusion of totally implanted catheter [4].

The incidence of catheter occlusion varies considerably ac-
cording to the clinical conditions of the patients and studies
conducted in children, and adults suggest that about 36% of
catheters become occluded within a period of 1-2 years after
implantation [5, 6]. Thrombotic occlusion was the main cause
of catheter dysfunction, typically occurring within 1 week of
catheter placement [1]. However, one study showed that the
mean time to development of primary complications in long-
term central venous catheters (LT-CVC) was 76.8 days, and in
the case of thrombotic occlusion, the catheter dysfunction oc-
curred on average 62.2 days after insertion [7].

Several strategies to resolve the obstruction have been de-
scribed, including catheter removal, the use of interventional
radiology techniques, and thrombolytic therapy [2]. Although
most of LT-CVC are made with materials with minimal
thrombogenicity, the need for removal of catheter has been re-
ported in more than 25% of the cases [8]. Due to the risks and
costs associated with CVC withdrawal and re-implantation, the
clearance of occluded catheters using thrombolysis has become
the first treatment option [9]. Although CVC occlusion is con-
sidered an important clinical problem, due not only to interrupt
the antineoplastic therapy, the risks and costs of treatments for
unblocking, differences in prevention, diagnosis, and treatment
remain as a gap in evidence-based guidelines in this area [3].

A systematic review [10] that evaluates the interventions to
restore patency of occluded CVCs has been previously pub-
lished. However, this review used a small number of studies,
all randomized clinical trials, generally addressing the manage-
ment of thrombotic occlusion, regardless of the type of catheter,
or the clinical condition of patient, as well as not address the
management of non-thrombotic occlusion. In addition, new
technologies and studies have been developed since its publi-
cation, and is necessary to update it.

Thus, the aim of this systematic review was to identify the
interventions used in the treatment of obstructive events,
whether thrombotic or non-thrombotic, in long-term central
venous catheters in cancer patients.

Methods
Protocol and registration

This systematic review (SR) was reported according to the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analysis PRISMA Checklist [11]. The protocol was
registered at the International Prospective Register of
Systematic Reviews [12] (PROSPERO) under number
CRD42017074256.

PICO question

The guiding question for this SR was based on PICO
(Population, Intervention, Control and Outcome) approach:
“What are the different interventions (I) used to restore cath-
eter patency (O) in cancer patients with obstructive long-term
central venous catheters (P)?”

Eligibility criteria

Inclusion criteria Retained articles where clinical trials or ob-
servational studies with cancer patients (adults and elderly)
with occluded long-term central venous catheters (totally im-
planted catheters and tunneled catheters). Interventions to treat
obstructive events including pharmacological and non-
pharmacological substances. Catheter patency was considered
by the ability to instill at least 5 mL of saline solution and to
aspirate 3 mL of blood. There were no language or publication
period restrictions.

Exclusion criteria The studies were excluded in two phases. In
phase-1 (titles and abstracts reading), the following criteria
were applied: (1) studies with carries (children, adolescents,
adults, and elderly) of short-term central venous catheters; (2)
studies with hemodialysis catheter, peripherally inserted cen-
tral catheter (PICC), apheresis catheter, or arterial catheter; (3)
studies in children or adolescents; (4) studies evaluating inter-
ventions to prevent obstructive events or surgical interven-
tions to treat obstructive events; (5) reviews of the literature,
letters, case reports, and protocols.

In phase-2 (full-text reading) these additional criteria were
added: (6) studies with different outcomes (not restoration of
catheter patency); (7) duplicate studies; (8) studies that was
not developed in cancer patients; (9) studies with incomplete
data of the population or catheter type used.

Information sources

We developed search strategies for each of following electron-
ic databases: PubMed/Medline, Cochrane CENTRAL,
LILACS, Web of Science, Scopus, and CINAHL. A gray
literature search was taken using Google Scholar, Open
Grey, and ProQuest Thesis and Dissertations. The end search
date was April 18, 2017 across all databases. It was later
updated on January 22, 2018. Hand search on the reference
list of included studies was also performed.
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Search

Appropriate truncation and word combinations were selected
and adapted for each database search (Appendix 1). All refer-
ences were managed by reference manager software (EndNote
X7, Thomson Reuters, New York, USA) and the duplicates
were removed.

Study selection

The selection was completed in 2 phases. In phase-1, two
reviewers (A.C.C.C, J.M.R) independently reviewed the titles
and abstracts of all citations identified on electronic databases.
Articles did not appear to meet the inclusion criteria were
discarded. In phase-2, the same reviewers applied the inclu-
sion criteria to the full text of the articles. The reference list of
selected studies was critically assessed by both examiners.
Any disagreement, in the first or second phase, was resolved
by discussion until an agreement between the two authors was
attained. When they did not reach a consensus, the third author
(C.1.V) became involved to make a final decision.

Data collection process and data items

Two reviewers (A.C.C.C, J.M.R) independently collected data
from the selected studies. The third reviewer (C.1.V) assessed
the accuracy of the information collected. For all the included
studies, the following characteristics were recorded: study
characteristics (author, year, country of publication, and study
design), sample characteristics (type and size), intervention
characteristics (drug type, doses, infusion time, follow-up
time), outcome characteristics (efficacy [restoration of cathe-
ter patency] and safety), and main conclusions. If the required
data were not complete or the data presented could not be
extrapolated, attempts were made by email to contact the au-
thors to retrieve the missing information.

Risk of bias in individual studies

Risk of bias of selected studies was evaluated using the
Cochrane Collaboration’s tool [13] for randomized clinical tri-
als and the Methodological Index for non-randomized studies
(MINORS) [14] for non-randomized clinical trials and obser-
vational studies. Two reviewers (A.C.C.C, J.M.R) indepen-
dently assessed the quality of each included study. Risk of bias
was judged as “low,” “high,” or “unclear” when the Cochrane
Collaboration’s tool [13] was used. When MINORS [14] was
used, items were scored with “0” (not reported), “1” (reported
but inadequate), or “2” (reported and adequate). The global
ideal score being 16 for non-comparative studies and 24 for
comparative studies. Disagreements between both reviewers
were resolved by a third reviewer (C.1.V).

Summary measures

The efficacy outcomes were expressed by the percentage of
catheter patency restored from the total sample of included
studies.

Synthesis of results

Statistical pooling of data using meta-analysis was planned
whenever trials were considered combinable and relatively ho-
mogeneous in relation to design, interventions, and outcomes.
Heterogeneity within studies was evaluated either by consider-
ing clinical (differences about participants, type of interven-
tions and results), methodological (design, and risk of bias),
and statistical characteristics (effect of studies) or by using in-
consistency indexes (/) statistical test [15]. Meta-analysis was
performed with the aid of MedCalc Statistical Software version
14.8.1 (MedCalc Software, Ostend, Belgium). Heterogeneity
was calculated by 2, following the appropriate Cochrane
Guidelines and a value greater than 50% was considered an
indicator of substantial heterogeneity among studies and the
random effect might be used [15]. When £ is lower than 50%,
fixed effect is recommended. MedCalc provides both fixed and
random effect for each analysis, so we choose between both
based on /. The significance level was set at 5%.

Confidence in cumulative evidence

A summary of overall strength of evidence available was per-
formed using “Grading of Recommendations Assessment,
Development and Evaluation” (GRADE) [16]. A summary of
findings table was produced via GRADEpro software
(McMaster University, Hamilton, Canada).

Results
Study selection

In phase-1, 9661 articles were found across the six electronic
databases. After duplicates removed, 75 of the 4685 studies
were selected for phase-2. A gray literature search was per-
formed identifying 15 articles, whereas none met the inclusion
criteria. The references list of included studies were screened,
and 12 additional articles were included. After three consecu-
tive attempts by email, in a period of a month, we did not get
answers from the experts, and articles were not included
through this type of search. Subsequently, 87 studies were for
full-text reading, and 72 of these articles were excluded
(Appendix 2). Therefore, only 15 studies fulfilled the eligibility
criteria and were included in the qualitative synthesis. Of those,
14 were adequate to use for the meta-analysis. A flowchart of
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the process ofidentification, inclusion, and exclusion of studies
is shown in Fig. 1.

Study characteristics
From the 15 selected studies, 13 of them were clinical trials [4, 9,

17-27] and 2 were observational studies [2, 28] with evaluation
dueto patient’s charts. Sample sizes ranged from 4 [28]to 171 [25]

LT-CVC, in a total of 949 catheters in 1613 patients included.
Among the LT-CVC used, 138 (14.5%) were tunneled catheters
and 811 (85.5%) were totally implanted catheters, with different
types of occlusion: partial occlusion (9 studies, 60%) and partial or
total occlusion (6 studies, 40%). The main purpose of LT-CVC
was the infusion of chemotherapy, with the most prevalent types
of cancer included breast cancer (130, 21%), hematological can-
cer (114, 18%), and solid tumors (79, 13%).

'SR
S PUBMED COCHRANE LILACS WEB OF SCIENCE SCOPUS CINAHL
= (n=4,640) (n=229) (n=1) (n=1,471) (n=2,803) (n=517)
O
= v
T
% Records identified through database searching
= (n=9,661)
s 3 l
Records after duplicates removed
o (n=4,685)
< AN
‘c Google ProQuest Open
[ Scholar (n=3) Grey Experts
g (n=12) (n=0) (n=0)
v | I
N Reference lists Reference lists
Grey Literature (n=0) — (n=12) (n=12)
\ / J
s ) v
Full-text articles assessed for eligibility
(n=87)
>
=
)
5‘) / Full articles excluded (n=72) due to: \
= ~ o~ 1- Reviews of the literature, letters, case reports,
1T} g e protocols (n=38)
2-  Pediatric population/mixed population (n=8)
3-  Different outcome (n=2)
4-  Prevention of thrombotic occlusion study (n=3)
> < 5-  Not treatment of catheter occlusion study (n=4)
v 6-  Duplicated study (n=2)
7- Short-term central venous catheter,
L . e Hemodialysis catheter, Peripherally Inserted
Studies included In qualitative Central Catheter (PICC), Apheresis catheter or
synthesis Arterial catheters study, different types of
(n=15) catheters in the same study (n=7)
8- Not reported population data and/or catheter
type (n=4)
g Articles excluded because 9-  Surgical intervention for treatment of
% ilable data f t thrombotic catheter occlusion study (n=1)
= unavailable _a ator meta- < 10- Not cancer patients (n=3)
o analysis (n=1)
£
Studies included in quantitative
synthesis
(n=14)
~———

' Adapted from PRISMA"!

Fig. 1 Flow diagram of literature search and selection criteria. Adapted
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The drugs used for the restoration of catheter patency were
urokinase [2, 17, 19-21, 23, 26, 28] (8, 53.3%), recombinant
urokinase [22] (1, 6.7%), alteplase [4, 21, 27] (3, 20%),
tenecteplase [18, 25] (2, 13.3%), reteplase [24] (1, 6.7%),
and staphylokinase [9] (1, 6.7%). Two studies compared the
efficacy of urokinase in relation to urokinase plus heparin [23]
and alteplase [21]. Other studies have compared placebo with
recombinant urokinase (r-UK) [22] and tenecteplase [18].
Other trials evaluated the efficacy of different drugs without
control group.

The aim of the included studies was to evaluate the effi-
cacy and safety of the drugs in restoring the catheter paten-
cy, at different doses and at different infusion times. The
restoration rate ranged from 40 to 100%, since the adminis-
tration time ranged from 15 min to 24 h. The number of
doses used ranged from 1 to 8 doses. There were no adverse
events associated with drugs reported in the articles; only
one study [22] reported minor bleeding events in 5% of
patients receiving r-UK. All included studies addressed
the treatment of thrombotic occlusion. No studies about
the management of non-thrombotic catheter occlusion in
cancer patients have been found, only in other populations
(mainly use of parenteral nutrition in patients with metabol-
ic and gastrointestinal disorders). The summary of the de-
scriptive characteristics of the included articles is provided
in Table 1.

Risk of bias of individual studies

Three randomized clinical trials (RCT) were classified as hav-
ing an unclear risk of bias in these domains: “selection bias,”
“performance bias,” “detection bias,” and “other bias.”
Regarding to selection bias, the studies [22, 23] were classi-
fied as unclear because the authors did not explain how was
performed the random sequence generation and allocation
concealment. In relation to performance bias, the study [23]
did not elucidated if the personnel was blinded about the in-
tervention used. Due to detection bias, the study [23] did not
described how blinding of outcome assessment was made.
And some studies [21-23] did not bring sufficient information
to evaluate if other bias were present, so we judged them as
other bias.

Two RCT were classified as having a high risk of bias,
one study [22] in the domain “Reporting bias” as it did not
report all the results obtained according to infusion times
used and other study [18] in the domain “Other bias” due
to report of possible conflict of interest. In the case of non-
randomized studies, three [4, 9, 27] of them were consid-
ered as having a high risk of bias because they obtained 8
points (50% of the total score), and 4 studies [24-26, 28]
were classified as having a low risk of bias cause they
obtained between 12 and 14 points.

Figure 3 describes the Cochrane Risk of Bias Tool [13] for
RCT. Appendix 3 provides more information about the
MINORS [14] scores.

Results of individual studies

Most of the included articles used urokinase (UK) as an inter-
vention for the restoration of catheter function. Bjeletich [17]
is the study with the longest publication time (1987). Despite
the small number of catheters included, it was the only who
used the drug at the initial 10,000 IU dose, where the use was
performed within the home care setting and found a 100%
restoration rate.

Son et al. [28] used the UK at a dose of 5000 IU, with a
50% successful restoration rate, with the lowest number of
catheters included (n=4). The same dose was used by
Whigham et al. [26]; however, there were a greater number
of doses used, in addition to the use of an extra dose of
40,000 IU of UK in an extended infusion of 12 h. Thus, it
was a gain in the efficacy of thrombolysis, with a total resto-
ration rate of 98.7%.

Chang et al. [2] used the UK at 15000 IU and 20,000 IU,
with an overall restoration rate of 70%. Haire et al. [19, 20]
used a dose 0f 40,000 IU in prolonged infusion (12 h [19] and
6 h [20]) in catheters with occlusion refractory to the use of
5000 IU of urokinase. Restoration rates were 96.7% and 79%,
respectively. Horne et al. [23] used the same UK dose and the
same prolonged infusion regimen used in the Haire’s studies
[19, 20] comparing to the use of a heparin (320 IU)-associated
UK (40,000 IU) solution. However, there was no difference
on the efficacy between the two interventions (76% in both
groups).

Whigham et al. [27] used alteplase at a dose of 1 mg/mL in
up to 4 doses and was successful in restoring catheter function
in 92.9% of the cases. Massmann et al. [4] used alteplase at a
dose of 3 mg/3 mL in up to 2 doses, obtaining an overall
restoration rate (92.7%) very similar to that found in the study
described [27] previously. Haire et al. [21] used 2 mg/2 mL of
alteplase in a comparative study with urokinase at a dose of
10,000 IU, finding a statistically significant difference be-
tween the efficacy of the drugs used (89% versus 59%, p =
0.013).

Haire et al. [22] used recombinant urokinase at a dose of
5000 TU and compared with placebo (saline solution).
Although the author reports that r-UK is more effective than
placebo in restoring patency (54% versus 30%, p =0.002),
when considering all catheter types, in the specific case of
totally implanted catheters, no difference was observed be-
tween the groups (40% versus 28%, p = 0.34).

Gabrail et al. [18] used tenecteplase (TNK) at a dose of
2 mg/2 mL in two groups, where one started with infusion
of placebo (saline solution), obtaining a restoration rate, after
administration of one or two doses, of 90%. Tebbi et al. [25]
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Fig. 2 Meta-analysis for
restoration of catheter function
with all interventions, sample =
888 (a), with urokinase, sample =
224 (b), with alteplase, sample =
249 (c¢), and with tenecteplase,
sample =234 (d). Results from 2
types of meta-analysis: fixed and
random effects
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QA - Restoration of catheter function with all interventions. Sample=888.
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Urokinase (Son et al., 2014)
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r-Urokinase (Haire et al., 2004)
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Reteplase (Liu et al., 2004)
Tenecteplase (Gabrail et al, 2010)
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b - Restoration of catheter function with urokinase. Sample=224.
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C - Restoration of catheter function with alteplase. Sample=249.

Alteplase (Haire et 31, 1354)

Alt=plase Massmamn =t &, 2015)

Alt=plase (Whigham =t d., 2002)

Total (fxed =fectE)

Totsl (random efiects)

d - Restoration of catheter function with tenecteplase. Sample=234.

Tenecteplase (Gabrail et al, 2010)

Tenecteplase (Tebbi et al., 2001)
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Total (random effects)
Test for heterogeneity
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Total (random efiects)

Fig. 2 continued.
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165

56

249

249

Metaanslysis
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used TNK at the same dose in a study without a control group,
observing a success rate of 80%.

Liu et al. [24] used reteplase at a dose of 0.4 IU/2 mL in
upto two doses, and found a success rate of 94.6%. Verhamme
et al. [9] used a new drug, staphylokinase (SY 162), at doses
of 0.15 mg, 0.30 mg, and 0.45 mg, obtaining restoration rates
of 50% (0.15 mg) and 88% (0.30 mg and 0.45 mg).

Synthesis of results

From the 15 studies included, 14 of them were grouped to
perform the meta-analysis. The heterogeneity found among
the studies was high (86.37%), so the random model was
chosen for the statistical analysis. The result of the meta-anal-
ysis, when considering all interventions, showed an overall
restoration frequency of ~84% (CI1 76.51 to 90.41) (total sam-
ple = 888 catheters) (Fig. 2a).

When the meta-analysis by drug type was performed,
the articles were divided in three groups: A (urokinase),
B (alteplase), and C (tenecteplase). The heterogeneity

between the studies in the group A meta-analysis was
high (80.49%) and the results demonstrated an overall
restoration rate of ~84% (CI 71.10 to 93.89) (total sam-
ple =224 catheters) (Fig. 2b). The heterogeneity between
the studies in the group B meta-analysis was 0%, indicat-
ing high homogeneity among them. The results showed
an overall restoration rate of ~92% (CI 88.25 to 94.96)
(total sample =294 catheters) (Fig. 2¢). In the group C
meta-analysis, the heterogeneity found between the stud-
ies was low (38.02%) and the results indicated a success
rate of ~84% (CI 77.32 to 90.01) (total sample =234
catheters) (Fig. 2d).

Risk of bias within studies

Although the articles have different designs, the main meth-
odological problem concerns the sample. Most of the included
studies, including clinical trials, used convenience samples,
without randomization of participants and absence of control

group (Fig. 3).

Fig. 3 Cochrane Risk of Bias
Tool for randomized clinical trial
included.

Gabrail et al 2010

Haire et al 1994

Haire et al 2004

Horne Ill et al 1997

~ . . Random sequence generation (selection bias)

~ . . Allocation concealment (selection bias)

~ | @ | ® | @ | Blinding of participants and personnel (performance bias)

~ @ | @® | @ |Blinding of outcome assessment (detection bias)

® | ® | ® | @® |ncomplete outcome data (attrition bias)
@ @ | ® | @ | selective reporting (reporting bias)
-~ . Other bias

~J
~J

® |ow risk of bias; Unclear risk of bias; ® High risk of bias
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Table 2 GRADE’s summary of findings table. Question: What is the efficacy of interventions used to treat thrombotic catheter occlusion in cancer

patients?
Certainty assessment Certainty
# of Study design Risk of Inconsistency Indirectness Imprecision Other
studies bias considerations
Restoration of catheter function with thrombolytic therapy
14 Clinical trials and observational Serious® Serious® Not serious  Serious® None @000 VERY LOW
studies
Maintenance of catheter function after thrombolysis
7 Clinical trials and observational Serious® Serious® Not serious Not serious None ©eo0 LOW
studies
Restoration of catheter function with urokinase
8 Clinical trials and observational Not Serious® Not serious  Serious® None Se00 LOW
studies serious”
Restoration of catheter function with alteplase
3 Clinical trials Serious® Not serious ~ Not serious Not serious None DDBO
MODERATE
Restoration of catheter function with tenecteplase
2 Clinical trials Not serious Not serious ~ Not serious Not serious None S©0e® HIGH

CI confidence interval

#Studies had risk of bias in the domains: selection bias (most of the included studies were non-randomized), performance bias, and detection bias

(absence of blinding and control group)
° High heterogeneity among included studies (higher than 70%)
¢ Use of different doses and different infusion times

Confidence in cumulative evidence

The quality of evidence using GRADE’s Summary of
Findings Table ranged from very low to high. This variation
was directly related to the risk of bias and imprecision pre-
sented by included articles, as well as by the heterogeneity
found among them (Table 2).

Discussion

Fibrinolytic agents have been used successfully for more than
two decades in restoring the patency of occluded catheters
[29]. This systematic review investigated the available evi-
dence of the interventions used in the treatment of obstructive
events in LT-CVC in cancer patients. Among the interventions
used to restore the catheter function, urokinase was the most
frequent, followed by alteplase.

Until 1999, urokinase was the only pharmacological agent
approved to treat the thrombotic catheter occlusion. The dose
approved by FDA for catheter clearance is 5000 IU, which
represents 1.6% of the approved dose for the treatment of
pulmonary embolism in adults [30]. The UK binds to plas-
minogen and converts it into an active enzyme, plasmin, that
when exposed to the clot causes lysis [31]. In this review,

studies using the UK, including its recombinant form (r-
UK), showed restoration rates from 40 to 100%, noting that
the most successful studies were conducted more than 20 years
ago. This condition can be explained in part by the scarce use
of imaging tests to diagnose the type of occlusion that affected
the catheters included in these studies and to assess the type of
clearing obtained with the therapy used, often being only a
partial resolution of the problem.

Alteplase (rt-PA) is a recombinant analog derived from
human tissue plasminogen activator, secreted by vascular en-
dothelial cells. It has higher fibrin specificity than the UK and
shorter plasma half-life (UK 16 min, rt-PA 5 min) [30]. The
dose approved by FDA for catheter clearance is 2 mg/2 mL,
which corresponds to 2% of the dose used to treat pulmonary
thromboembolism in adults, similar to the proportion adopted
for the UK dose. Alteplase is not easily removed from clots,
which may maintain its local effect longer and require a small-
er total dose for a restoration of catheter function [30]. In this
review, studies using rt-PA showed success rates from 89 to
92.9%.

Other recombinant forms of tissue plasminogen activators
(TPA) have been described in the articles. However, their use
for clearance of catheter has not been approved yet, being an
off-label use. Reteplase is a TPA variant indicated in the treat-
ment of acute myocardial infarction in adults. It has lower
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affinity for fibrin than alteplase and longer plasma half-life
(13—16 min). Although alteplase binds strongly to the fibrin
matrix and accumulates on the surface of the thrombus,
reteplase exhibits clot penetration and plasminogen activation
within [24]. Tenecteplase is a recombinant form of TPA with a
mechanism of action similar to that of alteplase. It is charac-
terized by an increase in resistance to inhibitor of plasminogen
activation when compared to alteplase [18]. A single study
[24] evaluated the use of reteplase, finding an overall restora-
tion rate of ~ 95%. And two studies [18, 25] evaluated the use
of tenecteplase, achieving success in restoration between 80
and 90%.

Staphylokinase, a fibrinolytic agent with high fibrin specific-
ity, is another drug which is being used off-label in restoring the
catheter patency. As staphylokinase infusion in humans is also
associated with the immunogenic response, like streptokinase,
several molecular modifications have been developed to de-
crease the immunogenicity of this substance, preserving its po-
tency and specificity to fibrin [9]. A single study [9] evaluated
the use of the SY 162 variant in restoring catheter patency, find-
ing a success rate from 50 to 88%, depending on the dose used.

Regarding to the time of infusion, a huge heterogeneity was
found, depending on the dose. In the case of urokinase, the
administration time ranged from 15 min to 24 h. For alteplase,
the infusion time ranged from 2 to 24 h. And for the other
TPA, the time ranged from 2 to 4 h.

Only one study [22] reported adverse event possibly related
to the drug (r-UK) characterized as “minor hemorrhagic
events.” Thus, it can be inferred that thrombolytic therapy is
potentially safe when used in the restoration of catheter paten-
Cy in cancer patients.

By evaluating the data from qualitative analysis, a trend of
superiority in the efficacy of TPA was observed in relation to
urokinase, which was the most used drug among the studies.
However, when the data from meta-analysis was evaluated, an
overall restoration frequency is very similar between the drugs
analyzed, with a slight superiority of alteplase in relation to
other interventions.

Thus, for better use in clinical practice, due to heterogene-
ity in the concentration of drugs, the time of administration of
these medications could be an important factor to be consid-
ered, since a short infusion time optimizes the use of human
and material resources, besides avoid delays in treatment and
possible complications.

Another factor that may be determinant for the current use
of these substances is the costs associated with therapy.
However, one study [32] demonstrated the use of thromboly-
sis (with alteplase) in the clearance of LT-CVC represents
significantly lower costs than the catheter replacement. This
study found cost-benefit in the use of thrombolysis not only in
reducing length of stay, but also in decrease the use of other
services such as radiology, laboratory, nursing care, and gen-
eral material resources.

@ Springer

aled a high heterogeneity (80.49%) when the urokinase
group was evaluated. This is due to the different study designs
included, different concentrations and number of doses used,
and different sample sizes. The great heterogeneity found in
this group had a direct impact on the evaluation of heteroge-
neity when all interventions were considered, with an even
higher heterogeneity (86.37%).

Most of the included studies had a risk of bias related to
study population (absence of randomization, blinding, and
control group) and due to the high heterogeneity between
the doses used and infusion times, the quality of evidence
was not robust. Thus, the evidence found tend to confirm the
success of thrombolytic therapy in general. However, there is
insufficient data for optimal drug, dosage, and time of admin-
istration standardization to restore catheter patency.

Some methodological limitations of this review should be
listed. Reference studies using alteplase and r-UK with large
and representative samples that met the main outcome of this
review (restoration of catheter patency) were excluded. As
they included both adult and pediatric populations, as well
as different catheter types, it was not possible to reliably ex-
tract the data that met our inclusion criteria.

As we did not find articles on the treatment of non-
thrombotic catheter occlusion in cancer patients, it is not pos-
sible to describe with certainly which interventions could be
used and their effects on the restoration of catheter function.

Therefore, we suggest additional studies on the manage-
ment of obstructive events in LT-CVC in cancer patients, in
order to standardize and guide current clinical practice.

Conclusion

In view of evidence obtained, the most common interventions
used for the treatment of thrombotic catheter occlusion in cancer
patients were urokinase and alteplase. The use of thrombolytic
therapy seems to be safe, and in relation to efficacy, there was a
relative superiority of alteplase in relation to the other drugs in
the restoration of catheter patency. However, it was not possible
to establish optimal concentration, number of doses, and infu-
sion time for an effective restoration.

Regarding to the treatment of non-thrombotic catheter oc-
clusion in cancer patients, no evidence was found about the
interventions used, thus elucidating an important gap to be
investigated.
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