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Abstract

Venous access devices are used in health care. To prevent occlusions the evidence confirmed the need for routine
catheter flushing before and after infusion as well as at the end of use. To date, the efficacy of heparin has not been
demonstrated. The aim of this study was to evaluate the effectiveness of the locking of central venous catheters with
heparin versus normal saline in adults to prevent occlusion, catheter-related infections and thrombosis in adults. A
literature search using Medline, Embase, Cochrane Library and Cinahl was performed to identify all meta-analyses
addressing the effectiveness of heparin versus normal saline in locking central venous catheters in adults. Four reviewers
independently selected publications assessed quality and extracted data. Parameter estimates regarding occlusion,
catheter- related infections and thrombosis were pooled using an umbrella review. We identified 6356 references. Seven
systematic reviews were included in the study. Most of the studies included in the systematic reviews were conducted
in oncohaematology departments, intensive care and cardiac surgery units among patients with multiple diseases and
chronicity. Most studies report a heparin concentration of 10 to 5000 1U/ml versus normal saline and other solutions.
There was no evidence that heparin was more effective than normal saline in reducing complications such as occlusion,
catheter-related infections and thrombosis. No statistically significant difference was found between heparin and normal
saline in reducing catheter occlusion. Heparin is not superior compared to normal saline.
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Venous access devices are used in health care. Central
venous catheters (CVCs) are not a big portion of these
devices® because in Europe and in the USA, the ratio
between peripheral venous access devices and central
venous access device is 22:1.*

The infusion of solutions which are not compatible
with peripheral way is the main indication for insertion of
the CVCs.

The choice criteria for the insertion of central venous
catheter, depend on several factors, among the main
ones to be considered ph, osmolarity and type of solu-
tion to be infused (vescicants or irritants), as well as in
case of parenteral nutrition, haemodialysis or haemo-
dynamic monitoring.’

The use of these devices leads to the onset of com-
plications in approximately 15% of patients. Catheter-
related infections, occlusions and thrombosis account
for approximately two-thirds of the total number of
late complications.®

To prevent occlusions and increase the patency of the
vessel, evidence confirmed the need for routine catheter
flushing before and after infusion as well as at the end of
use.’ Flushing an intravascular catheter is defined as the
manual injection of a generally normal saline, with push
and pause technique, with the aim of cleaning the internal
lumen of the catheter by removing the remains of infused
substances and maintaining its patency. Locking with pulse
positive pressure is generally defined as the intraluminal
injection of a limited volume of fluid, after flushing the cath-
eter, during periods when the catheter is not in use, in order
to prevent lumen occlusion and/or bacterial colonisation.’

Flushing can be performed both using normal saline
and heparin; several systematic reviews, however, showed
that locking with heparin (10 U/ml) has the same effec-
tiveness as a normal saline in preventing catheter-related
complications.>”:8

The Infusion Nursing Society (INS) Guidelines® state
that the flushing of a central vascular device should be per-
formed using normal saline 0.9% with a volume at least
twice the internal volume of the system (using 10ml
syringes); with regards to locking, including peripherally
inserted central catheters (PICCs) and Ports,there is insuf-
ficient evidence to demonstrate whether one strategy is
superior to the other, and this is due to the fact that the
outcomes are superimposable. !

To date, the efficacy of heparin has not been demon-
strated, and various side effects have been linked to its use;
normal saline 0.9% is harmless and well-tolerated by
patients.!! To the best of our knowledge, there is only one
overview of systematic reviews'? in this topic. However,
this study was published in Italian language and the results
were described only through narrative approach.

This is the first study conducted in the English language
that seeks to summarise the results obtained from previous
systematic reviews conducted on this topic.

The aim of this overview was to summarise the evi-
dence from systematic reviews on the effects of heparin
locking on preventing occlusions, catheter-related infec-
tions and thrombosis in adults patients with CVC.

Methods

This overview complies with the recommendation given in
Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols 2015.'3

The protocol was registered in the PROSPERO data-
base (no ********)

Database search strategy

The PICO framework'* was used to indicate the clinical
questions (Table 1). Searches were performed within the
following databases: Medline, Embase, Cochrane Library,
and Cinahl. The search strategy was constructed by com-
bining free-terms and Medical Subject Headings (MeSH)
terms with Boolean operators. The complete search
strategy can be found in Supplemental File 1. No language
restrictions were applied.

The reference population is made up of adult subjects
(male and female) with central venous catheters. The inter-
vention is characterised by flushing/locking with heparin.
The comparison is characterised by flushing/locking with
normal saline. The primary outcome of interest was the
occlusion of the central venous catheters (defined as the
inability to infuse fluids through the catheter due to an
obstruction or persistent withdrawal occlusion’). The sec-
ondary outcomes included were catheter-related infection
and catheter-related thrombosis.

Selection study and eligibility criteria

This study included systematic reviews with meta-analysis
regarding heparin versus normal saline in the flushing/
locking of central venous catheters in adults. Other study
designs, such as randomised controlled trials (RCTs) and
observational studies, studies with subjects under the age
of 18 (paediatric patients) and patients with peripheral
venous catheters or catheters for haemodialysis were
excluded.

Four reviewers (BB, DC, IS and VT) independently
screened titles and abstracts in order to identify relevant
systematic reviews. Full texts were also evaluated by these

Table I. PICO framework.

Population Adults with central venous catheter
Intervention Flushing/locking with heparin
Comparison Flushing/locking with normal saline
Outcomes Occlusion, catheter-related infections,

catheter-related thrombosis
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reviewers. Any discrepancies were resolved with a fifth
review (MB).

Data extraction

The data were extracted by four independent reviewers
(BB, DC, IS and VT). Any disagreements will be resolved
by discussions and confrontation with a fifth reviewer
(MB).

For each included study, the following information
were extracted:

- First author and year of publication

- Title of the review

- Aim of study

- Description of the subjects included

- Number of studies included/number of patients
included in the study

- Description of the intervention evaluated (i.e. hepa-
rin concentration, type of flushing and locking)

- Description of the control evaluated (i.e. type of
solution)

- Setting

- Outcomes (primary and secondary)

- Association estimate/mean difference

- Between studies heterogeneity evaluation (heteroge-
neity test’s, p-value and/or /2 index).

Assessment of methodological quality

Four reviewers (BB, DC, IS and VT) independently evalu-
ated the methodological quality of the included studies.
Any discrepancies were again resolved by discussion with
a fifth reviewer (MB).

The assessment of multiple systematic reviews
(AMSTAR)'S tool was used to assess the quality of the
included systematic reviews, and it included 11 items.

Each item was evaluated as follows: ‘Yes’ (definitely
done), ‘No’ (definitely not done), ‘Unable to answer’
(unclear status) or ‘Not applicable’. For each ‘Yes’ answer,
the rating was taken to indicate whether or not the quality
was adequate. Systematic reviews were evaluated as high
quality (score 8—11), medium quality (score 4—7) or low
quality (score 0-3). Systematic reviews were not excluded
from the overview based on the AMSTAR score. Exclusion
was determined by the potential difference between the
quality of the studies was discussed. For each of the con-
sidered results, the estimates of the associations deriving
from the included meta-analysis were represented by a
forest plot.

Data analysis

The concordance among reviewers in the papers’ inclu-
sion evaluation was assessed using the Fleiss’ kappa.'®

Agreement was considered ‘poor’ if K was lower than 0,
‘slight” if K was between 0.01 and 0.20; if K was between
0.21 and 0.40 ‘fair agreement’, if K was between 0.41 and
0.60 ‘moderate agreement’, if K was between 0.61 and
0.80 ‘good agreement’, and ‘almost perfect’ if K was
greater than 0.8. The association measures between flush-
ing solutions and the risk of the selected outcomes (or
mean difference for CVC patency) extracted from the
meta-analyses included in the study were graphically rep-
resented using forest plots.

Results

We identified 6356 references through the search strat-
egy conducted on April 29, 2021. After the screening
conducted by the four aforementioned reviewers, seven
systematic reviews were included'’2* (Figure 1). The
PRISMA flow diagram presented in Figure 1 illustrates
the review process being conducted.

A very good correlation was observed between the four
reviewers (Fleiss’ K 0.729).

Description of included reviews

Seven systematic reviews met the inclusion criteria for
this overview.'”?? Overall, participants included in the
systematic reviews ranged from 1323 to 7875.

All the included reviews reported a comparison
between heparin and normal saline.!”2* Dal Molin et al.!”
also included studies that compared heparin with other
solutions such as urokinase, lepirudin and vitamin C. The
heparin concentration ranged from 10 Ul/ml from
5000 UT/ml. Occlusion was the most frequently reported
outcome (7 out of 7 studies), followed by catheter-related
infections (4 out of 7 studies).

All reviews included populations from hospital
settings, particularly oncology patients and/or critical
patients.

Low heterogeneity affects the specific pooled estimates
of the meta-analyses with /2 index values lower than
50%; the exception to this was in the outcomes of the
Wen et al.2and Lopez et al.!” study regarding catheter-
related infections and heparin-induced thrombocytopenia.

Further details of the included reviews can be found in
Table 2.

Methodological quality of included reviews

The methodological quality of the included systematic
reviews was independently assessed by each of the four
authors (BB, DC, IS and VT) using the AMSTAR
checklist.'

The methodological quality of the seven studies included
in this review is moderate-high.
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Figure |. PRISMA flow diagram.

Effect of intervention

Through the overview of the systematic reviews, insuffi-
cient evidence was found to determine the effects of hepa-
rin locking versus normal saline locking, specifically in
preventing occlusion in central venous catheters in adults.
There is no evidence that heparin is more effective than
normal saline in reducing catheter-related infections and
catheter-related thrombosis.

Occlusion. All systematic reviews'’ 2 evaluated the effect
of heparin, at different concentrations versus normal saline
in CVC locking, determining occlusions as the primary
outcome. With regard to the risk of occlusions, most
studies have shown no differences between locking with
heparin and locking with normal saline with RR ranging
from 0.55 Dal Molin et al.'”to 1.58 Wen et al.?* (Figures 2
and 3). The only meta-analysis reporting a statistically

significant result is that of Lopez et al.'” which showed that
locking with heparin reduces the risk of occlusion by 30%
compared to normal saline; this is not the case when only
studies with good allocation concealment are considered.

Catheter-related infections. Four studies'®2! analysed cath-
eter-related infections. The results showed that catheter-
related infection rates were not statistically significant
(Figure 4).
Catheter-related thrombosis. Three studies'®?' reported on
the incidence of CVC-related thrombosis. There was no
evidence of a differential effect between heparin and nor-
mal saline groups. Two studies have equal estimates as
they are based on the same original study (Figure 5).

Data on cvc patency (defined as ability to infuse normal
saline and withdraw a blood sample®*) and heparin-induced
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First author (Year)

RR (95%Cl)

Dal Molin (2014) —— 0.55(0.12- 1.37)
Dos Santos (2015) —— 0.68(0.41- 1.10)
Zhong (2017) —— 1.21(0.91- 1.61)
Wen (2017) —l— 158(079- 3.14)
Lopez-Briz (2018)* - 0.70(051- 0.95)
Sharma (2019) - 0.83(0.65- 1.08)
Xiao-Hong Wu Master (2021) —— 1.02(0.77- 1.35)

Figure 2. Occlusions.

*All studies.
First author (Year) RR (95%Cl)
Dal Molin (2014) —— 055(012- 1.37)
Dos Santos (2015) —— 0.68(0.41- 1.10)
Zhong (2017) —— 1.21(0.91- 161)
Wen (2017) —— 158(079- 3.14)
Ldpez-Briz (2018)* —_— 0.74(051- 1.05)
Sharma (2019) - 0.83(065- 1.08)
Xiao-Hong Wu Master (2021) —— 1.02(0.77- 1.35)

T T 1

Figure 3. Occlusions.

*Studies with good allocation concealment.

First author (Year)

Zhong (2017)
Lopez-Briz (2018)

Sharma (2019)

Xiao-Hong Wu Master (2021)

RR (95%Cl)

084 (011-671)
0.74(0.03-1954)
0.67(0.08- 5.92)
0.83(045-153)

Figure 4. Catheter-related infection.

First author (Year)

Zhong (2017)

Lbpez-Briz (2018) *

Sharma (2019)*

_.—

RR (95%CI)

0.81(050-1.31)

124(077-202)

124(077-202)

Figure 5. Catheter-related thrombosis.
AEqual estimates because based on the same original studies.

thrombocytopenia (defined as a clinicopathological syn-
drome that occurs when heparin dependent IgG antibodies
bind to heparin/platelet factor 4 complexes to activate
platelets and produce a hypercoagulable state’’) are
reported in the Supplemental File 2.

Discussion

We observed that the use of heparin in flushing/locking of
CVC has been considered for several years as a traditional
and useful practice in maintaining the CVC. However, the
management of central venous catheters from this point of
view has not yet been fully standardised.

The aim of this overview of systematic reviews was to
evaluate the effectiveness of heparin with regards to the
central venous catheter. In this review, we did not decide to
include studies conducted on paediatric patients and
patients with haemodialysis and peripheral catheters.

Our overview indicated that heparin is no more effec-
tive than normal saline in catheter locking. The results are
consistent with the overview conducted by Re et al.'? In
our overview four new systematic reviews with meta-anal-
ysis were included. The systematic reviews conducted by
Mitchell et al.® and Encarnagdo et al.’ were not considered
in our study because the authors did not perform a
meta-analysis.

On its own, heparin is not a thrombolytic agent. Its use
prevents the progression and formation of new clots. To
date, there is no evidence in the literature to support hepa-
rin concentration correlates with improved CVC patency
rates.?

Several clinical studies?®2® published in the literature
as far as non-dialysis catheters (NDCVA) are concerned,
the standardised use of normal saline solution is to be pre-
ferred to anticoagulant solutions and, in particular, to hep-
arinized saline solutions.

The efficacy of heparin was evaluated by Dal Molin et
al.?’in a multicentre randomised trial where 415 patients
were enrolled in this study. A total of 24 occlusions were
observed: 10 observed in the heparin group and 14 in the
normal saline group. No significant difference was found
between the hazards of occlusion.?’

The efficacy of this solution was also evaluated by some
observational studies such as one retrospective study by
Bertoglio et al.?®conducted in 610 patients with a port
showed no statistically significant differences for occlusive
events between the group where the catheter was flushed
with heparin solution and that of normal saline 0.9%.2°

In the retrospective study conducted by de Oliveira Brito
et al.”a total of 862 patients were enrolled.?® The patients
were divided into two groups: the heparin group (Hep
group), whose lock was composed heparin (100 TU/mL)
with saline solution 0.9% and the SS group (saline solution),
whose lock was composed of saline solution 0.9%. The
Heparin group (group 1) consisted of 270 patients (31%),
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and the SS group (group 2) consisted of 592 patients (69%).
Regarding occlusion, it was evident in eight cases in group
1 (2.96%) and in eight cases in group 2 (1.35%; p=.11).28

The use of heparin may cause some severe complica-
tions,'"**3 such as, heparin — induced thrombocytopenia®
that we not considered in the protocol review, but it was
included during the systematic analyse of the literature.
Also, data about cvc patency (not considered in the proto-
col review) are presented in the Supplemental file 2; even
these results indicate the no superiority of heparin.
However, this results mush be considered with caution.

The prevention of catheter-related occlusion is based on
a correct flushing protocol with ‘push/pause’ technique,
before and after each solution. Next to this good flushing
practice, it’s also advisable to lock it with pulse positive
pressure, with normal saline.’ Therefore, adequate flush-
ing and locking protocols are recommended for the pre-
vention of catheter-related occlusion.

One systematic review conducted by Clari et al. founded
no significant difference between standard and prolonged
flushing schedule terms in of complications, concluding
that a prolonged flushing and locking interval is feasible
and safe.’?!

The use of normal saline 0.9% in flushing/locking cvc
prevents exposure to complications arising from the use of
heparin such as thrombocytopenia, occlusion, bleeding
and catheter-related infections.??

This review has some limitations. We performed a search
in MEDLINE, Cochrane Library, EMBASE and CINAHL,
but grey literature was not included in the search. However,
they are considered the main medical/nursing databases and
we did not establish any language constraints.

In studies included there is no uniformity between the
concentrations of heparin and the hospital protocols for its
management are lacking.

When comparing the current study with others in the lit-
erature, several caveats should be borne in mind. Other stud-
ies may include multiple methods of heparin perfusion, they
may have different inclusion and exclusion criteria and, in
some cases, it may not be possible to perform separate analy-
ses of the adult and paediatric populations, all of which may
impact comparability and generalisability. In future studies,
it is suggested that adult data be presented separately from
paediatric data to address at least one of these issues, and it
would be helpful if all primary studies were to follow a
standardised procedure for lock CVC and use dosages as rec-
ommended by the guidelines. Anyhow, we feel that our
search provides an acceptable overview of the studies.

Conclusions

In conclusion, we performed our review based on 7 meta-
analysis summarising the evidence on the efficacy of lock-
ing heparin versus normal saline solution on catheter-related
complications up to 2021. These results suggest that there

is no evidence that heparin is more effective than normal
saline in reducing occlusion, infections, and catheter-
related thrombosis as reported in the single meta-analyses
included in this review.

The normal saline appears to be a solution free from
complications and can also be used in hospital and out-of-
hospital settings.
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