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Abstract

Historically in the UK, unfractionated heparin (heparinised saline), has been
used to reduce the occlusion rate of central venous catheters (CVCs) used for
renal dialysis. This practice was carried across to other CVC’s, including to-
tally implantable venous access devices (TIVAD’s). However, heparin use car-
ries risks such as infection, thrombocytopenia, bleeding and interactions with
other drugs. The aim of this systematic review was to determine the effective-
ness of heparinised saline versus 0.9% sodium chloride to prevent TIVAD oc-
clusion in people with cystic fibrosis (CF). We included 6 databases and 4 trial
registry platforms. Due to a lack of studies within the CF population, partici-
pants of included studies were people with a TIVAD and applicability to the
CF population was reviewed. The primary outcome measure was catheter oc-
clusion rate. Eight studies were included, four RCTs, three retrospective non-
randomised trials and one observational study. Statistical pooling and sub-
group analysis was not possible. All eight of the studies concluded there was
no statistically significant difference in occlusion rates and that heparin was
not superior to 0.9% sodium chloride. Secondary outcomes showed no statis-
tical difference in line infection rates or complications. There was one incident
of heparin induced thrombocytopenia. Our review found no reliable evidence
that 0.9% sodium chloride is inferior to heparinised saline in the maintenance
of TIVAD patency. In view of the risks associated, 0.9% sodium chloride offers
a potentially safer, equally effective, cost saving alternative.
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1. Introduction

Totally implantable venous access device (TIVAD) were introduced in the late
1970’s to aid the long-term administration of intravenous therapies such as chemo-
therapeutic agents, antibiotics, and total parental nutrition [1]. They are used in
both children and adults across a variety of diseases, however most commonly in
oncology, cystic fibrosis (CF) and those requiring total parental nutrition (TPN).
The number of people with TIVADs in the UK is not well documented, with most
studies focusing on small cohorts in differing disease groups. The use of TIVAD’s
in people with CF was first documented in 1986 [2]. The largest study to date, con-
ducted in 2004, focused on the follow up of 452 people with CF having a TIVAD
inserted [3]. This study found that complication rates in people with CF compared
favorably to other populations studied, and that occlusion (21%) was in fact lower
than reported in patients with malignant disease or sickle cell disease, echoed by
Royle et al, study where occlusion occurred in 20% of people with CF [4].

With increased knowledge of its structure and properties, the second half of the
century saw the use of unfractionated heparins in the use of prevention of venous
thrombosis and central venous catheter (CVC) occlusion in renal dialysis. When
CVCs, including TIVAD’s, were used for other indications, the practice of using
unfractionated heparinised saline was carried across [5] [6]. Heparin inhibits
blood coagulation by binding to protease inhibitor antithrombin, inactivating the
protease factors of the coagulation cascade. Heparin inhibits the actions of throm-
bin, preventing it from cleaving fibrinogen and so inhibiting the formation of fi-
brin. However, heparin is not a thrombolytic, so does not digest fibrin which has
already formed [7]. The use of heparin does not come without risks. It is associ-
ated with the promotion of biofilms, which increases the risk of a bloodstream
infection [8]-[12]. Studies have found that biofilms quickly develop once a CVC
is inserted and bacteria in this biofilm can be very difficult to eradicate without
line removal [8]-[13]. Due to the morbidity and mortality associated with catheter
related bloodstream infections (CRBI’s) they are of significant concern for people
requiring CVC’s [13] [14]. This is of particular importance in recent years due to
the increasing rates of CRBI’s nationally and growing resistance to the antimicro-
bials used to treat them [8] [10] [15] [16]. The European Society for Clinical Nu-
trition and Metabolism no longer recommends heparinised saline in CVCs used
for parenteral nutrition (TPN), due to the increased risk of catheter-related blood-
stream infections [17].

A further associated risk is heparin induced thrombocytopenia (HIT), a severe
life and limb-threatening complication in which the immune system causes plate-

lets to clot in the presence of heparin, resulting in low platelet levels. 1-5% of peo-
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ple administered heparin in any form or dose will develop HIT with thrombocy-
topenia [18], with unfractionated heparin having a ~10-fold greater risk of HIT
than low molecular weight heparin [19] [20]. Even administration at low doses,
such as those used to flush CVCs, can lead to antibody formation or HIT itself
[21]-[25].

In addition to this risk, there have been cases of unintentional systemic antico-
agulation when using heparin flushing for CVC’s maintenance, particularly in
children [26]-[30].

Furthermore, heparin, which is negatively charged, may be physically incom-
patible with positively charged medications, such as aminoglycoside antibiotics.
If they are mixed during infusion then precipitation may occur, although the evi-
dence base for guidelines recommending avoidance of mixing is limited [31] [32].

A further consideration, as heparin is derived from porcine products (pig in-
testinal mucosa), its use in some religious faiths, vegans and vegetarians, requires
additional consideration and informed consent must be obtained. Religious lead-
ers only accept the use of these products if there is no alternative drug and the
treatment is considered life prolonging [33] [34].

As a consequence of adverse incidents, including dosing errors and HIT, in
2008, the National Patient Saftey Agency (NPSA) recommended minismising the
use of heparin flush solutions in all CVCs and discontinuing its use in any periph-
eral intravenous catheters [35]. A Cochrane review concluded there was insuffi-
cient evidence to determine the effects of intermittent flushing of heparin versus
normal saline to prevent occlusion in long term central venous catheters in infants
and children as their review only found three trials, with a total of 245 participants
[36]. However, pediatric guidelines state that, in the absence of convincing pro-
spective pediatric studies, prophylaxis use of heparin for CVC occlusion preven-
tion is not recommended in children [37] [38]. A Cochrane review in 2013, which
included papers from a variety of adult settings with mixed line type and duration,
concluded that 0.9% saline had comparable efficacy to heparinised saline and of-
fered a cost saving [39]. A further consensus document, collaborated by expert
review of systematically collected evidence across mixed adult cohorts and set-
tings, also concluded 0.9% saline was as appropriate as heparinised saline [40].
Despite these reports a survey of national CF centers in the UK [41] in 2017 high-
lighted that the majority of centers had not changed practice in line with the rec-
ommendations [35] [39]. Of the centers surveyed, 90% use heparinised saline after
intra-venous (IV) antibiotics administered through a totally implantable venous
access device (TIVAD); 70% use heparinised saline after intravenous antibiotics
administered through a peripherally inserted central catheter (PICC/midline);
and 100% use heparinised saline as a 4 - 6 weekly TIVAD lock. Informal discus-
sion with these centers revealed perseverance with historical practice rather than
resistance to change [41]. The study also highlighted a reluctance to rely on the
evidence as the reviews omitted papers with people with CF and did not include

long term CVCs, particularly TIVADs [39]. Despite further evidence supporting
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the use of 0.9% sodium chloride in place of heparinised saline in mixed line type
studies [42]-[44], including a further systematic review in children [45], and Eu-
ropean CF guidelines stating there is no clear evidence to support the use of anti-
coagulants in TIVAD’s [46], practice within CF has remained unchanged. A
TIVAD specific review in 2021 yielded limited studies [47]. Therefore, in view of
possible risks associated with heparin use and ongoing research in this area, the
aim of the systematic review was to assess the effectiveness of 0.9% sodium chloride
versus heparinised saline to prevent TIVAD occlusion, and to discuss whether such

research was applicable to the CF population.

2. Methods
2.1. Design

A systematic review protocol was prospectively written and published on the
PROSPERO register (ref 147317). This systematic review is structured and re-
ported according to the PRISMA guidelines [48].

2.2. Eligibility Criteria

Our original intention had been to focus only on those with CF however, due to
the lack of studies within this population, it was necessary to include people with
a TIVAD who have other conditions, predominately oncological. People with can-
cer and those with CF are both at increased risk of intravascular thrombosis. In
those with CF this is due to inflammation and impaired clotting due to vitamin K
deficiency [49] [50]. In those with cancer, the increased risk is due to inflamma-
tion, pro-thrombotic substances and blood vessel damage caused by cancer and
its treatment [51] [52]. Those immunosuppressed by cancer treatments will be at
greater risk of line infection [53]. The applicability of results between different
populations is discussed in greater depth in the results section.

Why this final review differs from the proposal registered on PROSPERO

The original inclusion criteria of any CVCs over 3 months in duration was dis-
carded as during the review evidence showed significant variations in line care
and treatment from that of TIVAD’s, and it was therefore felt this data was not
transferable.

Age restrictions were also removed from the original proposal as data suggest-
ing heparin use and occlusions rates in paediatrics differed from adults lacked va-
lidity and were not supported by wider evidence [36].

There was a further deviation from protocol due to accessibility of the JBI sys-

tem and GRADE assessment of bias. CASP was used as an alternative.

2.3. Information Sources

The databases used in this review were: MEDLINE, CINAHL, BNI, AMED, EM-
BASE and the Cochrane Library. Registers: PROSPERO was also included. The
search for unpublished studies included: the World Health Organization Interna-

tional Clinical Trials Registry Platform, the Cochrane Central Register of Con-
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trolled Trials (CENTRAL) and ClinicalTrials.gov. Only studies published in the
English language were considered for inclusion. No publication date restrictions

were applied.

2.4. Search Strategy

The search strategy used both MeSH terms and keywords. The articles were
searched using the keywords heparin, heparinised, central venous catheter, central
venous access device, CVAD, venous access device, totally implantable venous ac-
cess device, catheterisation peripheral, Implantable venous access device, IVAD,
port, 0.9% sodium chloride, normal saline, saline solution (see Table 1). The
searches were conducted by CW and JML.

Table 1. Search strategy.

Search Term

1 Heparin

2 “HEPARIN/OR LOW-MOLECULAR WEIGHT”
3 Heperani*

4 10R20R3

5 “Central Venous Catheters”

6 CvC

7 “Central Venous Access Device”

8 CVAD

9 Catheterisation, Central

10 “Implantable venous access device”

11 IVAD

12 “Totally implantable venous access device”
13 TIVAD

14 port-a-cath.

15 port

16 50R6 OR70OR80OR9OR100R11 OR120R130R 14 OR 15
17 “0.9% Sodium Chloride”

18 “normal saline”

19 “Saline solution”

20 17 OR18 OR 19

21 4 AND 16 AND 20

2.5. Study Selection

Both experimental and quasi-experimental study designs were considered, includ-
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ing randomized controlled trials, non-randomized controlled trials, before-and-
after studies, and interrupted time-series studies. In addition, observational stud-
ies, including prospective and retrospective cohort studies, case-control studies
and cross-sectional studies were considered for inclusion. This review also con-
sidered descriptive observational study designs, including case series, individual
case reports and descriptive cross-sectional studies for inclusion. Studies in both

adults and paediatrics are included in this review.

2.6. Outcomes

The outcome measures considered were: Catheter occlusion rate (defined as the
inability to infuse fluids) and line replacement/manipulation. Additional out-
comes included: Infection; central venous catheter-related thrombosis; abnormal
coagulation profile; allergic reaction to heparin; heparin-induced thrombocyto-

penia, haemorrhage and mortality.

2.7.Data Collection Process

The studies retrieved during the searches were screened for relevance, and those
identified as being potentially eligible for inclusion were fully assessed against the
inclusion/exclusion criteria. Data were extracted from the papers by two inde-
pendent reviewers (CW and JML). The data included the interventions, popula-
tions, study methods and outcomes of significance to the review question and spe-
cific objectives. Disagreements were discussed and solved with a third reviewer

(DDD). Missing data were requested from authors.

2.8. Risk of Bias in Individual Studies

Risk of bias was assessed by CW and JML using Critical Appraisal Skills Programme
(CASP) randomised control trial and cohort study checklists [54] [55].

2.9. Synthesis of Results

Statistical pooling and subgroup analysis was not possible due to the differing in-
terventions and heterogeneity of the studies. Therefore, findings are presented in

narrative form including tables to aid data presentation.

3. Results
3.1. Study Selection

Database searches revealed 347 articles and 3 from citation searching (Figure 1).
After removing duplicates (n = 83), 264 titles and abstracts were reviewed in the
screening phase, and 187 articles were removed. 4 were abstract only, leaving 76
articles (n = 73 search, n = 3 citation searching) for full-text assessment in the
eligibility phase. We excluded 68 articles based on the study design; non-human;
line type; comparative diluent; unable to abstract data (Figure 1). The systematic
review included 8 articles [56]-[63].

DOI: 10.4236/ijcm.2026.173006

78 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.173006

C. Whitton et al.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Figure 1. Systematic review Flowchart Results.

3.2. Study Characteristics

Of the final eight papers retrieved, three papers were retrospective non-random-
ised trials [56] [59] [60], one was a descriptive observational study (before-and-
after) [61], and four were randomised controlled trials (RCT) [57] [58] [62] [63]
(see Table 2). All papers compared the use of 0.9% sodium chloride with heparin-
ised saline in TIVADs, however dose and volumes varied. Occlusion rate was the
primary outcome measure for all papers, methods to assess this also varied. All
papers were set in oncology. Ullman was able to provide TIVAD data from their
study, the extracted data is included in this review [62].

Study size varied from 22 to 862 participants, with a total number of 3221 study
participants.

All papers were within cancer care, with average participant age ranging from
5 - 62.7 years. Primary outcome for all papers was occlusion, however this was
defined and assessed differently in each study. Meta-analysis was not possible due

to heterogeneity of interventions and outcome assessments.

3.3. Risk of Bias within Studies

Opverall risk of bias was moderate, with the main limitation for all studies being

reporting of blinding/blinding and each group receiving the same care.
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Table 2. Study characteristics.
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Flushing volumes varied in four of the eight studies heparinised saline was in
addition to a 0.9% sodium chloride flush, resulting in an increased total volume
[56] [57] [62] [63]. Evidence suggest this reduces the risk of occlusion [64]. Two
papers [60] [61] did not state volumes. Two Papers [58] [59] maintained con-
sistent volumes in both groups, however one study [59] used 1.5ml, which chal-
lenges the validity of techniques as pulsatile flushing would be difficult to achieve
at low volumes.

Education/training

Six of the eight studies [56]-[58] [60] [62] [63] discussed staff training and flush
delivery with standardisation across the groups. Two studies [59] [61] omitted this
information.

The risk of bias in the included studies is summarized in Table 3 and Table 4.

Table 3. CASP critical appraisal skills programme RCT checklist.

Goosen Molin  Ullman Pelegan
Did the study address a clearly focused research question? Y Y
Was the assignment of participants to interventions randomised? Y Y
Were all participants who entered the study accounted for at its conclusion Y ?
Were the participants “blind” to intervention they were given Y Y
Were the investigators “blind” to the intervention they were giving to participants? Y ?
Were the people assessing/analysing outcome/s “blinded”?

Y
Y
Y
?
?
?
Were the study groups similar at the start of the randomised controlled trial? Y
Apart from the experimental intervention, did each study group receive the same
level of care (that is, were they treated equally)?
Were the effects of intervention reported comprehensively? Y
Was the precision of the estimate of the intervention or treatment effect reported? Y
Do the benefits of the experimental intervention outweigh the harms and costs? Y

Y

Y

Can the results be applied to your local population/in your context?

Would the experimental intervention provide greater value to the people in your
care than any of the existing interventions?

Table 4. CASP critical appraisal skills programme cohort study checklist.

Bertoglio Egnatios  Brito Hoffman

Did the study address a clearly focused research question? Y Y Y Y
Was the cohort recruited in an acceptable way? Y Y

Was the exposure accurately managed to minimise bias?

Was the outcome accurately managed to minimise bias?

Have the authors identified all confounding factors

Have they taken account of confounding factors in the design and/or analysis?
Was the follow up complete?

Was the follow up long enough?

What are the results of the study?
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Continued

How precise are the results?
Do you believe the results?

Can the results be applied to your local

Do the results of this study fit with others available evidence?

What are the implications for practice?

Y Y Y ?

Y Y Y ?
population/in your context? Y Y Y Y

Y Y Y Y

3.4. Synthesis of Results

Bertoglio, et al. reported irreversible occlusion rate of 6.2% in both groups [56].

Goosen, et al. reported an incidence of primary outcome (easy injection, im-
possible aspiration) of 3.70% (95% CI 2.91% - 4.69%) and 3.92% (95% CI 3.09% -
4.96%) in the 0.9% sodium chloride and heparin groups respectively [57].

Dal Molin, et al reported an occlusion rate (withdrawal or total) of 4.71% (95%
CI: 1.86%; 7.56%) in the heparin group and 7.39% (95% CI: 3.79%; 10.99%) in the
0.9% sodium chloride group (no statistical significance) [58].

Brito, et al. reported occlusion rate of 2.96% in the heparinised saline group and
1.35% in the 0.9% sodium chloride (p = 0.11). There was 1 case of flow dysfunction
in the heparin group (0.37%) and 4 cases in the 0.9% sodium chloride group
(0.68%) (no statistical significance) [59].

Egnatios and Gloria reported the mean (95% CI) model-based estimated per-
centage of alteplase orders per access was 1.29% for heparin and 2.64% (CI:1.08;
6.46) for 0.9% sodium chloride (p = 0.317) [60].

Ullman (extracted TIVAD data) reported no occlusions in either group [62].

Pelgen, et al reported (2.3%) of participants had a first complete occlusion
within 12 months in the heparinised saline group and 1.9% in the 0.9% sodium
chloride group (no statistical significance). Partial occlusion within 12 months in
the heparinised saline group was 17.6% and 25.7% in the 0.9% sodium chloride
group (no statistical significance) [63].

Hoffman and Fischer-Cartlidge reported alteplase use 6 months pre-implemen-
tation, compared with 6 months after they stopped using heparinised saline [61].
Alteplase use was used as a proxy for line occlusion. No significant difference was
observed between groups at 6 months (1.2% in the 0.9% sodium chloride group
vs 0.9% in the heparinised saline group; p = 0.13). They reported additional data
in the body of the paper, with further analyses at 12 months and subgroup analysis
by “IVAD count” and “visit type”. Although there was only a minor rise in altep-
lase use between 6 and 12 months (from 1.2% to 1.3%), they include a table which
indicates some of their subgroups showed statistically significant differences. We
approached the authors of this study but were unable to obtain additional details
of their methodology, of the statistical tests they had used, or source data to cor-
roborate their analysis. Their control, pre-implementation, data was obtained
early during the Covid pandemic (from May 2020), and the authors report a sig-
nificant change in the frequency with which IVADs were flushed. Hoffman and
Fischer-Cartlidge [61] attributed the differences observed in their additional anal-
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yses between 6 to 12 months to an influx of new staff and lack of training in correct
flushing procedures (specifically a change in their practice of pulsatile flushing,
which itself is thought to reduce the frequency of line occlusion [64]), rather than
to removal of heparin from their flush solution. Furthermore, the authors of this
study have continued to use 0.9% saline [personal correspondence]. They did not
revert to using heparinised saline, demonstrating their confidence that any differ-
ences demonstrated in their additional analyses were due to factors other than the
removal of heparin from routine use.

All eight studies concluded that 0.9% sodium chloride was not statistically in-
ferior to heparin [56]-[63].

Intervention

Six of the eight studies discussed standardisation of staff training and flush de-
livery [56]-[58] [60] [62] [63]. Two papers [58] [59] maintained the same total
volumes in both groups, two papers [60] [61] omitted the information from their
study, in the remaining four studies the total volumes varied [56] [57] [62] [63].

The importance of flush technique to promote turbulence to clear the internal
lumen of the catheter and prevent occlusion was evidenced in Vigier et a/qualita-
tive 7n vitro study. They demonstrated that flushing with an unsteady flow (push-
pause technique) resulted in a significant reduction of solid deposits within a line,
compared to flushing with a laminar flow rate [64].

Positive pressure flush has also demonstrated reduced occlusion rates as this
prevents blood reflux back into the catheter. First documented in 1987, Shearer
defined the technique as withdrawing the syringe from the injection site while still
exerting pressure on the syringe [65]. This can also be achieved by clamping the
catheter while injecting. Technologies including positive displacement connect-
ors, syringes with a plunger rod design or valves integrated in catheters mimic this
effect [66].

TIVAD Duration

Three studies [59]-[61] omitted information about TIVAD duration. Three
studies [56]-[58] consisted of newly inserted TIVAD’s, with standardised inser-
tion techniques. Two studies included dwell time prior to study start [62] [63].

The risk of TIVAD complication increases with duration [67]-[69]. Oncology
patients often have TIVAD’s for duration of treatment, with 42.2% of patients
having their TIVAD removed as it was no longer needed [67]. People with CF
often have long TIVAD durations (6-4440 days) and evidence suggests they are
only removed due to complication [3] [4], however, with the recent introduction
of cystic fibrosis transmembrane conductance regulator (CFTR) modifiers leading
to a decrease in intravenous antibiotic demand, removing as ‘no longer required’
may become more common practice in the CF cohort.

Cohort Age

Mean cohort age in five of the studies was >50. One study [61] omitted the data.
One study [62] was paediatric with a mean cohort age of 5 years old. One study
[56] divided the cohort to <60 and >60.
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Table 5. CRBI rates.

Other therapies-total parental nutrition (TPN) and Anticoagulation

One study excluded patients on anticoagulation therapy. One study [59] ex-
cluded those that had received IV anticoagulation. Six studies [56]-[58] [61]-[63]
omitted information relating to anticoagulation therapy. One paper [60] included
those on anticoagulation, and although their sample consisted of the same patients
across both groups, they did not specify if therapy was delivered across both time
periods.

One paper [56] included those on TPN and assessed this in secondary out-
comes, concluding that, in line with other studies, the use of TPN increases occlu-
sion risk in TIVAD’s [70]. One study [57] referred to flushes post TPN but did
not include further details in the cohort statistics or data analysis. One study [58]
excluded those receiving TPN. Five studies [59]-[63] omitted information relating
to TPN use. TPN is not routinely required within CF, if needed a secondary line
would be used [71].

Complications

One patient within one study developed HIT [57], one study reporting HIT as
a secondary outcome did not report any cases [63]. The remaining studies did not
include this data [56] [58]-[62] (Table 5).

Study author 0.9% Sodium Chloride Group Heparinised Saline Group
Bertoglio, et al. [56] 5.7% (18) 5.4% (16)
Goosen, et al. [57] 0.5% (2) 1.5% (6)
Dal Molin, et al. [58] 0% (0) 0.47% (1)
Ullman, et al. (extracted data) [62] 9% (1) 0% (0)
Brito, et al. [59]
Egnatios and Gloria [60]
No CRBI data reported

Hoffman and Fischer-Cartlidge [61]
Pelegan, et al. [63]

Table 6. Risk/benefits of heparin use.

Of the four papers that included CRBI data, none reached statistical significance
(Table 6).

Benefits

Risks

Potential reduction in line occlusion (not observed) [44] [45]

[47] [56]-[63]

HIT, HITTS [56]-[63]

Allergic reactions [56] [57] [59]-[63]

Drug incompatibility [57] [59]

Possible systemic Anticoagulation [56] [57] [60] [62]
Possible promotion of biofilms/CRBSI [56]-[63]

Production methods-pig intestinal Mucosa [33] [34]

DOI: 10.4236/ijcm.2026.173006

84 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.173006

C. Whitton et al.

Due to the associated complication, costs and impact for patients of both HIT
and CRBI, data collection is of significant importance, highlighting a need for fur-

ther studies focusing on complication rates.

4. Discussion

This systematic review aimed to provide clarity on the rate of line occlusions and
complications when 0.9% sodium chloride is used in place of heparinised saline
in people with cystic fibrosis with TIVADs. We identified no studies in this this
population, so extended the review to include all people with TIVADs. The data
indicate that heparinised saline is not superior with regard to maintenance of line
patency. Its use is associated with additional cost. There are insufficient data to
draw conclusions regarding differences in any other adverse event associated with
the use of 0.9% sodium chloride or heparinised saline. This review considers the
type of flush solution used; it does not consider the optimal interval between
flushes, flushing volume, or optimal technique for flushing.

Are these results applicable to different patient populations? Some have the-
orised that advancing patient age is associated with an increase rate of thrombotic
events, attributable to increases in fibrinogen and coagulation proteins [70] [72].
One of the studies [56] divided the cohort to <60 and >60 and demonstrated a
hazard ratio for total occlusion of 1.0 for the <60 group and 1.18 for the >60 group.
Although these data are not statistically significant, if this hypothesis were correct,
one would expect a reduced risk of line thrombosis in the CF cohort due to a mean
lower cohort age than observed in oncology cohorts. Reduced occlusion rates seen
in the Munik and Royal study may support this theory [3] [4].

How might heparin be beneficial? Various mechanisms of line obstruction are
observed [73]: 1) catheters may stop working due to occlusion by thrombosis
within the line (intraluminal occlusion); 2) thrombosis may occur within the vein,
but outside the catheter, as a consequence of endothelial damage caused by the
catheter; 3) a “fibrin tail” or flap may form, extending away from the tip of the
catheter, which does not affect infusion through the catheter, but is drawn back
and occludes the catheter during attempts at aspiration; 4) a more extensive “fi-
brin sheath” is formed around, and encases the tip of the line. They probably form
as a reaction to endothelial injury where the tip contacts and injures the vein wall.
They can develop as early as 24 hours post line insertion and increase to cover the
catheter within a week [68] [74]. The prevalence of fibrin sheaths increases with
dwell time [75]. Heparin is an anticoagulant which inhibits the actions of throm-
bin, preventing the formation of fibrin. However, it is not a thrombolytic, so it
will not digest fibrin which has already formed [7].

Heparin has a 60 to 90 minutes half-life in the blood, with limited data to sup-
port effectiveness once diluted in saline and in a vascular device [56] [76].Its half-
life is a consequence of enzymatic rather than physical degradation, so it will per-
sist in the lumen of a TIVAD/CVC if not exposed to blood. This persistence may
be observed clinically by the prolongation of APTT clotting test when an earlier

DOI: 10.4236/ijcm.2026.173006

85 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2026.173006

C. Whitton et al.

heparin lock has not been adequately flushed from a line before blood samples are
taken. Paradoxically, this might mean that if exposed to blood, heparin will be
digested and disappear; if no blood is present, the heparin will persist but not be
needed. Therefore, the value of using a heparin lock might be greater if the line
has been used previously to take blood, where some coagulation factors or plate-
lets might remain within the lumen of an inadequately flushed line. No study con-
sidered this factor.

While it is possible that intraluminal heparin might reduce the risk of occlusion
due to intraluminal thrombosis, it is less plausible it would influence the other
types of occlusion due to thrombosis or fibrin outside the line. In the Munik study
of 452 TIVADs [3], although occlusion type was not determined, line salvage was
attempted with urokinase. This medication, would treat intraluminal thrombosis
and, as a thrombolytic, be more effective than heparin against the other causes of
occlusion, such as fibrin sheaths [68]. However, in this study, only 23% of blocked
catheters could be salvaged by urokinase, suggesting that intraluminal thrombosis
is the cause of a minority of line occlusions.

How might the use of heparin be disadvantageous?

Statistical significance was not seen in CRBI rates in the included papers, how-
ever this has been demonstrated in wider studies [8]-[13].

Both line occlusion and infection can cause distress for patients, exposing them
to additional risks from interventions to reopen/replace the line and could result
in delays in treatment while venous access is determined. This can have longer-
term complications and costs associated. The 2 studies [60] [61] that included cost
analysis both demonstrated a cost saving from stopping the use of heparin. How-
ever, both only looked at the cost of medications and omitted additional costs
associated with line occlusion/infection.

The volume of heparin dose used in TIVAD care, in both oncology and CF cen-
tres, varies greatly [77] [78], lacking the individualised dosing according to TIVAD
catheter volume, as is recommended [46] [78] [79]. Although not reported in the
included papers, it is important to recognise the heightened risk of increased bleed-
ing caused by unintentional systemic anticoagulation in the CF patient group [26]-
[30]. The UK National CF Registry details that 165 (2.5%) adults with cystic fibrosis
reported hemoptysis at annual review in 2024 [71]. While less prevalent in the pae-
diatric population (<5 children) [71], this risk of unintentional anticoagulation is
higher due to the greater variability in size of the patient/catheter volume. Bleeding
events are not only distressing for patients but also lead to a greater treatment bur-
den, more complications, and higher associated costs [8]-[11] [15].

Of the two studies which included HIT as an outcome measure (612 partici-
pants), only one case of HIT was reported [57] [63]. This is significantly lower
than expected with the quoted 1% - 5% for unfractionated heparin, however as
HIT usually occurs within 5 to 14 days of receiving heparin, participants in these
papers may have been preselected as not having HIT by virtue of previous heparin

exposure [80]. A limited search yielded no data or case studies of incidents of HIT
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within the CF population. Additional consideration/caution should be given to
those with no previous heparin exposure-for example younger patients who gen-
erally have not received heparin as prophylaxis for thromboembolic disease (due
to an unfavourable risk: benefit analysis), in whom flushing a new TIVAD with
heparin may indeed carry a 1% - 5% risk of HIT [18].

Alternatives to heparin? The historical inclusion of anticoagulants in line lock
solutions led to consideration of the use of alternatives to heparin. Of these, citrate
shows the greatest success in reducing infection rates compared to heparin [8]-
[16]. There are suggestions that low dose antibiotics used alongside anticoagulants
may reduce line infection rates, but the addition of another drug further increases
costs and introduces extra risks, including the possibility of increased antibiotic
resistance [8] [10] [15] [16].

We believe that the comparator arm in future studies of novel lock solutions
should be 0.9% sodium chloride control, rather than heparinised saline, due to the
latter’s potential to increase risk of line infection and other complications. Further
analysis of alternative lock solutions falls outside the scope of this review.

The way forward? The task of flushing TIVADs is performed almost exclu-
sively by nursing staff. Prescription of flush solutions is performed increasingly
by non-medical prescribers [81] [82]. Both those administering and those pre-
scribing a medication are accountable and have a responsibility to undertake evi-
dence-based practice [83]-[86].

In 2012, the UK National Institute of Clinical Excellence recommended use of
heparinised saline be discontinued in CVCs [35]. Non-medical prescribers tend to
exercise greater caution—ensuring sound knowledge, accurate dosing, and a
strong evidence base—when prescribing medications [87] [88], which should re-
sult in more professionals questioning the continued use of heparinised saline in
TIVADs.

5. Limitations

This review was limited by the low number of studies in this area, particularly in
pediatrics/younger cohorts. Papers were restricted to English language, which

may have limited results further.

6. Conclusions

Evidence suggests that 0.9% sodium chloride is not inferior to heparin in the
maintenance of TIVADs. Although there was no statistically significant difference
in safety, wider research demonstrates the importance of risks associated with hep-
arin use.

Ongoing research assessing occlusion and complications rates is of importance
to monitor the long-term effect in this cohort of patients, particularly in pediatric
cohorts where less data is available. The potential benefit in the subgroup of pa-
tients whose TIVAD has been used for blood sampling is worth specific consider-

ation.
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Historical practice, “what we have always done”, can be hard to change. There
is a natural tendency to preserve the status quo, to require a higher level of evi-
dence to justify a change than to continue current practice. If CVCs/TIVADs had
always been flushed with 0.9% sodium chloride the evidence of potential harm,
the additional cost and lack of evidence of benefit would stop clinicians from start-
ing to use heparinised saline. With the situation reversed, we still need to ask,
“Does the evidence support the continued use of heparinised saline?” While fur-
ther research would strengthen this conclusion, we believe there is sufficient evi-

dence available now, to justify a change to this historical practice.
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