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ABSTRACT

Article Type:

Introduction: Despite the higher rate of morbidity and mortality, the use of central venous
catheters has increased significantly compared to arteriovenous fistula. So far, no ideal organic
solution has been identified for the prevention of thrombosis and catheter-related infection in
patients undergoing hemodialysis.
Objectives: This study aimed to evaluate the efficacy of Taurolock versus saline 5% on the
prevention of catheter dysfunction and catheter-related infections.
Patients and Methods: Seventy patients with chronic kidney disease, who requiring hemodialysis
or those with permanent hemodialysis catheters referring to hemodialysis centers of Ahvaz, were
selected and randomly divided into two groups, while 68 patients remained until the end of the
study. In the first group, saline 5% was inserted into the lumen of catheter after each hemodialysis,
and then catheter was blocked. In the second group, Taurolock solution (TauroLock™ -Hep
500 ®: Taurolidine; antimicrobial agent), citrate 4% and heparin (UI/mL) were used as antibiotics.
Results: No significant difference between the catheter-related infection and positive blood
culture in both saline and Taurolock groups was detected (2.94% versus 2.94%; P > 0.05).
Moreover, the catheter-related dysfunction in the saline 5% group was 5% less than the Taurolock
group (2.94% versus 11.76%, P = 0.365).
Conclusion: The results showed that saline 5% is at least as effective as a Taurolock solution for
prevention of infections and catheter dysfunction. Saline is an effective, inexpensive, safe and
readily available in various settings. Therefore, it could be considered as a proper alternative
solution for reduction of dialysis-related side effects and costs.
Trial Registration: Registration of trial protocol has been approved in Iranian registry of
controlled trials (identifier: IRCT20190304042918N1; https://en.irct.ir/trial/38055, ethical code#
IR.AJUMS.REC.1397.412).
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Implication for health policy/practice/research/medical education:

In a randomized, double blind controlled clinical trial on patients undergoing hemodialysis to find the efficacy of Taurolock
versus saline 5% for preventing infection and dysfunction of hemodialysis catheters; we found saline 5% is at least as effective as
the Taurolock solution for prevention of infections and catheter dysfunction. Saline is an effective, inexpensive, safe and readily
available in various settings. Therefore, it could be considered as a proper alternative solution for reduction of dialysis-related
side effects and costs.
Please cite this paper as: Ghorbani A, Hayati F, Dargahi-MalAmir M, Afkane M. Taurolock versus saline 5% on preventing
infection and dysfunction of hemodialysis catheters; a randomized, double blind controlled clinical trial. J Renal Inj Prev. 2020;
x(x): x-x. doi: 10.34172/jrip.2020.xx.

Introduction
The use of catheters in dialysis patients has been
rising since the early 21st century. In 2001, the use of
hemodialysis was 900 per one million in the American
patients due to end-stage renal disease (ESRD). Although
arteriovenous fistulas or grafts are preferred for longer

periods of hemodialysis, it is preferable to use the catheter
until the fistula is developed or dialysis is initiated (1,2).
Given the need for continuous use of catheters, this device
faces two major problems including catheter infections
and decreased blood circulation during dialysis.
Due to these complications, over 50% of the catheters
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should ultimately be removed and replaced since they
might lead to bacteremia. Various studies have shown that
the use of catheters to perform hemodialysis has a 10-fold
greater risk of bacteremia and topical infections than AV
fistulas (3,5).
The most obvious complication of catheter placement
is the development of catheter related bacteremia that
is associated with morbidity and mortality, which is
varying in different studies from 3.4 to 6.5 episodes per
1000 catheter-days (2). Gram-positive bacteria play a
major role in these infections. The most famous type of
such bacteria is known as Staphylococcus aureus (6,7).
Numerous studies have shown that infection with these
bacteria in catheters leads not only to higher treatment
costs and longer duration of admission but also a higher
mortality rate than other microorganisms (8,9).
Various substances are used to prevent catheterrelated complications, including heparin, antibiotics and
hypertonic and hypersomal substances (10).
Several studies have been conducted on the
combination of these materials and their effectiveness,
either individually or in combination. Currently, many
studies have focused on the use of antibiotics in various
combinations to prevent catheter complications as well as
high treatment costs. Although antibiotics can effectively
prevent bacteremia in the laboratory environment,
it is very difficult to use them practically in desired
concentrations. Accordingly, the main problems for using
antibiotics are outlined as follows:
• Failure to prevent bacteremia in the body
• High costs for the production of antibiotics in the form
of an antibiotic block with effective concentrations
• Side effects caused by the administration of high
concentrations of antibiotics
• Antibiotic resistance in bacterial colonies of catheters
(5,11).
Given the main problems for using antibiotics
which mentioned above, some simpler materials that
are capable of preventing complications of catheter
placement, have been the focus of some studies. The most
important of which is trisodium citrate solutions. This
substance, which was originally used for coagulation to
prevent catheter dysfunction, has the ability to prevent
colonization of bacteria in hypertonic forms. As a result,
it can have significant preventive effects (bacteremia and
sepsis) (5,11). According to some studies, in addition to
superiority over heparin, it can be used in conjunction
with antibiotics as well as antibiotics alone (12).
Other studies have shown that hypertonic saline
solution such as trisodium citrate has similar effects
to heparin in preventing the catheter dysfunction and
bacteremia, due to the hyperosmolarity and preventing
bacterial colonization.
The authors consider it necessary for the following
reasons:
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Studies have been conducted on the effects of
hypertonic saline in preventing the colonization of
bacteria showed a significant reduction in catheter
related bacteremia (13).
Few studies have compared the effects of saline 5%
solution versus antibiotics. Meanwhile, many studies
have shown the effectiveness of trisodium citrate
in preventing bacterial colonization, compared to
heparin and some other antibiotics (5,11-13).
This solution is not only readily available, but also it
is more economical.
The possibility of developing bacterial resistance for
all antibiotics, including Taurolocks, is not unlikely. It
is therefore necessary to choose a suitable alternative
for these substances.
Better or even equal effectiveness as saline 5% will cut
down costs for health-care systems and patients.
Unfortunately, there are limited data to prove this
case.

Objectives
The aim of the present study to evaluate the effectiveness
of saline 5% as a proper substance with high availability
versus taurolidine antibiotic for preventing infection and
catheter dysfunction in patients undergoing hemodialysis.
Patients and Methods
Study design
This study is a randomized, double blind controlled clinical
trial conducted on 70 patients undergoing hemodialysis at
two educational centers of Ahvaz Jundishapur University
of Medical Sciences.
The patients were randomly assigned (by remote
computerized randomization) to either saline 5% or
TauroLock groups (TauroLock™ -Hep 500®) (n=35). The
patient, the physician and the person who evaluates the
results did not have any information on groups. The study
population is randomly divided into two groups of A and
B. The medication was given by the nurse in the treatment
room. In both hospitals, the nurses were injecting
Taurolock and saline 5% into the lumen of the catheter
equally, and observing sterility. The lumen of the catheters
was not used for drug injection or blood sampling at all.
Patients in both groups underwent training to reduce the
rate of infection and were followed for three months. The
authors used targeted sampling in this study. Taurolock
contains taurolidine (antimicrobial agent), 500 units of
heparin and 4% citrate. Figure 1 shows how this study is
organized.
Inclusion criteria
• Male and female patients over the age of 18; requiring
hemodialysis three times a week
• Having a semi-permanent catheter for hemodialysis
• Willingness to participate in the study
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Enrollment

Assessed for eligibility (n=92)

Excluded (n=22)
 Not meeting inclusion criteria (n=22)

Randomized (n=35)

Allocated to intervention (n=35)
 Received allocated intervention (n=35)

Allocation
Allocated to intervention (n=35)
 Received allocated intervention (n=35)

Follow-Up
Lost to follow-up (death) (n=1)

Lost to follow-up (death) (n=1)

Analysis
Analysed (n=34 )

Analysed (n=34 )

Figure 1. CONSORT flow chat diagram.

Exclusion criteria
• Patients undergoing antibiotic treatment
• Patients who need to change the catheter during the
study
• Patients with sepsis
Ethical issues
The research followed the tenets of the Declaration of
Helsinki. The ethics committee of Jundishapur University
of Medical Sciences approved this study (IR.AJUMS.
REC.1397.412). The study protocol was also registered
as a clinical trial at Iranian Registry of Clinical Trials
(identifier: IRCT20190304042918N1; https://irct.ir/
trial/38055). Accordingly, written informed consent was
taken from all participants before any intervention. This
study was extracted from the internal medicine residential
thesis of Maryam Afkane at this university.
Data analysis
Quantitative variables were used to describe the data
center mean and standard deviation was used to describe
the data distribution. Frequency and percentage were
used to describe the data. Normal distribution of data
was evaluated by the Shapiro-Wilk test and Q-Q graph.
Chi-square test, independent t test and simple logistic
regression were used to analyze the data. Multivariate
logistic regression was used to analyze the data. Due to
the multiple linearity problem between the two variables
of diabetes and hypertension, diabetes was included in the
model. For statistical analysis, SPSS (version 22) was used.
The significance level in the tests was 0.05.
Results
In this study, 70 hemodialysis patients aged 24 to 81 years
were enrolled. There was no significant difference between
http://journalrip.com

the two groups in terms of age, gender and underlying
diseases such as hypertension and diabetes (P > 0.05).
Around 68 patients remained until the end of the study
(Table 1). Table 2 shows the results of the use of saline 5%
and Taurolock.
The results of catheter dysfunction in both saline and
Taurolock groups are presented in Table 3. According to
the table, the Taurolock group experienced dysfunction
Table 1. Baseline characteristics of patients with tunneled hemodialysis
cathetersa

Taurolock
Prevalent hemodialysis patients
Dialysis via tunneled catheter

34

34 (100%)

34 (100%)

Site of catheter (jugular)

34 (100%)

34 (100%)

Male

23 (67.6%)

24 (70.6%)

Female

a

Saline 5%

34

11 (32.4%)

10 (29.4%)

Age (y) (mean ± SD)

51.88±11.48

54.41±10.91

Presence of diabetes

12 (35.3%)

13 (38.2%)

Presence of hypertension

26 (76.5%)

29 (85.3%)

There was no significant difference between two groups.

Table 2. Comparison of outcomes of intervention in Taurolock and saline
groups

Outcome/Group

a

Saline (n=34)

Taurolock (n=34)

P valuea

Dysfunction

1 (2.94)

4 (11.76)

0.356

Infection

1 (2.94)

1 (2.94)

1.000

Positive blood culture

1 (2.94)

1 (2.94)

1.000

Chi-square test.

Table 3. Average catheter dysfunction time in saline and Taurolock groups

Variable
Duration of dysfunction (days)

Saline (n=1)
48

Taurolock (n=1)
50 ± 12.24

Journal of Renal Injury Prevention, Volume 9, Issue 3, September 2020

3

Ghorbani et al

after 50 days on average. Meanwhile, one person in the
saline group suffered from dysfunction after 48 days.
Accordingly, 4 cases (11.76%) in the Taurolock group
and one case in the saline 5% group (2.94%) had catheter
dysfunction, however, there was no significant difference
between the two groups (P = 0.356%). There were no
significant differences between the two groups in terms of
infection or positive blood culture.
The results of catheter dysfunction in both saline and
Taurolock groups are presented in Table 3. According to
the table, the Taurolock group experienced dysfunction
after 50 days on average. Meanwhile, one person in the
saline group suffered from dysfunction after 48 days.
The results of catheter dysfunction prediction based on
variables are presented in Tables 4 and 5. As shown in Table
4, the effect of gender, age, hypertension, diabetes and
receiving saline or Taurolock alone were not significant in
the catheter dysfunction.
Discussion
Hemodialysis in people with chronic diseases of the
kidney is dependent on vascular access, which may
include arteriovenous fistula or central venous catheters.
Despite higher morbidity and motility, the use of central
venous catheters has increased significantly compared
to AV fistula (14,19). Given the infectious diseases, the
formation of clots and fibrinous pods, catheter dysfunction
is expected, since these issues limit their life span (15,
18). Although various strategies have been considered,
including heparin, antibiotics and solution, to reduce the
incidence of catheter-induced infection (11,20,21), so
far there is no approach to prevent catheter dysfunction
and catheter-related infections, especially in people with
long-term use of the catheter. However, some studies have
suggested the role of thrombolytic drugs in preventing
catheter inappropriate functioning (19).
Given the important role of central venous catheters in
hemodialysis patients, administration of the accumulated
solutions to these catheters is an important option for the
prevention and treatment of catheter-related infections
(4,21).
The effectiveness of Taurolock solution or taurolidinecontaining solutions in the prevention of infection
and catheter-related dysfunction has been studied and
confirmed in several studies. Accordingly, these solutions
are commonly used in clinical trials for the prevention
of infection and hemodialysis catheter dysfunction.
Martinez et al, for example, showed that taurolidinecontaining solutions can significantly reduce the catheterrelated dysfunction and infection and also will reduce
the thrombotic events and thereby improving the dialysis
efficacy (14).
The superiority of taurolidine to heparin in reducing
the infection and obstruction of dialysis catheters was also
reported by Olthof et al. Given the significant difference

4

Table 4. Catheter dysfunction prediction based on variables (univariate
logistic regression)

Variable

No

Yes

OR

Gender
Female
Male

19 (90.5)
44 (93.6)

2 (9.5)
3 (6.4)

1.54

0.649
Ref

53.18 ± 11.48

57.20 ± 5.45

1.22

0.369

12 (92.3)
51 (91.27)

1 (7.7)
4 (7.3)

1.06

0.908
Ref.

39 (90.7)
24 (96)

4 (9.3)
1 (4)

2.46

0.433
Ref.

30 (88.2)
33 (97.1)

4 (11.8)
1 (2.9)

4.40

0.196
Ref.

Age (mean ± SD)
Hypertension
No
Yes
Diabetes mellitus
No
Yes
Group
Saline
Taurolock

P value

Table 5. Catheter dysfunction prediction based on variables (multivariate
logistic regression)

Variable

Group

OR

CI 95%

P value

Gender

Female
Male

1.84

0.25-13.69
Reference
0.800-2.18
0.27-36.07
Reference
0.49-50.25
Reference

0.554

Age (mean ± SD)
Diabetes
Group

No
Yes
Taurolock
Saline

1.32
3.13
4.99

0.276
0.360
0.172

in the catheter infection that can lead to bacteremia,
sepsis and increased mortality, Olthof et al suggested to
use taurolidine as a better solution instead of heparin (15).
Although all these studies indicate that taurolidinecontaining solutions significantly reduce the complications
of hemodialysis catheters, it is necessary to identify some
effective, accessible and safe substances. It should be
pointed out that these solutions may have a high cost,
relatively low-accessibility and some other complications.
Recent studies have shown that hypertonic solutions
such as trisodium citrate, sodium bicarbonate and saline
solution can prevent colonization of bacteria, bacteremia,
sepsis and catheter dysfunction (5,11-13).
Currently, the use and effectiveness of Taurolock as
a common but expensive medication have not been
evaluated. Therefore, this double-blind randomized
clinical trial was conducted to evaluate the effectiveness
of saline 5% solution as a cheap and easily available and
suitable substance, compared to taurolidine-containing
Taurolock (antimicrobial agent) to prevent catheterrelated infection and dysfunction.
In this study, there were no significant differences
between the two groups in terms of age, gender,
hypertension and diabetes, suggesting that these variables
do not affect the results.
The present study showed, no significant difference
between the two groups regarding catheter-related
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infection and positive blood culture in the hemodialysis
patients receiving saline versus Taurolock.
In previous studies, hypertonic saline has been used as
an antimicrobial agent due to its high concentration to
prevent colonization of bacteria and to reduce the catheter
infection. For example, Oguzhan et al showed that
bacteremia and catheter-related infection in hemodialysis
patients were not significantly different between saline
and heparin groups (13). This result is consistent with the
finding of our study.
Oguzhan et al showed that catheter-related dysfunction
was significantly lower in heparin-treated patients than in
patients receiving hypertonic saline. The results suggest
that hypertonic saline has no significant effect on catheter
infection and dysfunction compared to heparin containing
solutions. The antibacterial and anticoagulant properties
of hypertonic saline have the potential to replace heparin
(13).
Our investigation also showed that the catheter
dysfunction in the Taurolock group was higher than
the saline group (11.76% versus 2.94%). However,
this difference was not significant. Taurolock group
experienced dysfunction after 50 days on average.
Meanwhile, one person in the saline group suffered from
dysfunction after 48 days.
The effectiveness of taurolidine or Taurolock solution
(containing taurolidine, heparin and 4% citrate) and
saline solutions in the prevention of catheter-related
infection and dysfunction have been investigated
separately in various studies. However, no studies
have compared the two treatments. Accordingly, there
are few studies comparing the effectiveness of saline
solution and antibiotics. Numerous studies have shown
the effectiveness of trisodium citrate as a substance that
prevents colonization of bacteria. For example, Weijmer
et al and Winnet et al showed the effectiveness of
hypertonic trisodium citrate solution at concentrations of
30% and 46%, compared to heparin (2,5). Furthermore,
the amount of bleeding after catheter placement in the
heparin recipient group was significantly higher than
that of the trisodium citrate group (2,5). Therefore, the
administration of hypertonic solutions, in addition to
higher effectiveness for hemodialysis patients, is much
more economical.
In our study, saline 5% had the same preventive effect
as TauroLock. Since heparin can increase the risk of
hemorrhage in many hemodialysis patients, it is essential
to find an alternative to heparin in hemodialysis patients
with a high risk of hemorrhage. In this regard, Chen et
al showed that the risk of hemorrhage in the early stages
of dialysis in patients receiving heparin was significantly
higher than that of saline group. Although this finding
was not different significantly in 30 minutes after dialysis,
this risk was still lower in the saline group (18). Therefore,
hypertonic saline can be very helpful for patients who are
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at risk of bleeding/hemorrhage and require dialysis. No
bleeding was observed in the saline group in the present
study.
Additionally, El-Hennawy et al found that hypertonic
sodium bicarbonate solution is safe and is superior to
normal saline in preventing catheter dysfunction. It can
also be used to prevent infection and catheter-related
thrombosis in hemodialysis patients (16). Arechabala et al
showed that solutions differ in the prevention of infection,
thrombosis and catheter-related dysfunction, since
no specific superiority has been reported for different
solutions. These results suggest that the evidence in this
area is not sufficient while more studies are needed to
select and validate an alternative method with high safety
and effectiveness (17).
Furthermore, the amount of saline hypertonicity used
in our study was 5% and was lower compared to similar
studies (in other studies saline solution was used up to
10% and 26%) (13,18). This also suggests that lowerdensity solutions can also prevent infectious and noninfectious catheter complications.
Finally, the present study showed that saline 5% is at
least as effective as Taurolock within three months, will
not have serious side effects and can be used as a cheap
and safe drug for the prevention of infection and catheter
dysfunction in dialysis patients.
Finally, it should be noted that our study compared
the effectiveness of Taurolock and saline in reducing
infections and catheter dysfunction in hemodialysis
patients. However, there were some limitations. For
example, only short-term effects (three months of followup) of treatment were investigated, while the long-term
effects of using these solutions were not investigated.
The small number of samples in each group was another
limitation. Further studies with greater sample size can
lead to reliable results.
Conclusion
According to the results, saline solution is readily available
and economical. Given the bacterial resistance to all
antibiotics such as Taurolock, it is therefore an alternative
option for Taurolock in the clinical field. However, given
the limited studies on the role of antibiotic accumulation
solutions, including Taurolock and saline in the prevention
of catheter-related complications in hemodialysis patients,
further studies are needed in this regard.
Limitations of the study
The limitations of the study are the low sample size
in each group. Further studies with larger sample size
and multicenter results can be obtained. In this study
only short-term effects (three months follow-up) were
investigated and the effects of using long-term solutions
were not investigated.

Journal of Renal Injury Prevention, Volume 9, Issue 3, September 2020

5

Ghorbani et al

Conflicts of interest
The authors declared no competing interests.
Ethical consideration
Ethical issues (including plagiarism, double publication)
have been completely considered by the authors.
Funding support
Ahvaz Jundishapur University of Medical Science, Ahvaz,
Iran (Grant # U97105).
References
1.

2.

3.

4.
5.

6.

7.

8.

9.

Yahav D, Rozen-Zvi B, Gafter-Gvili A, Leibovici L, Gafter U,
Paul M. Antimicrobial lock solutions for the prevention of
infections associated with intravascular catheters in patients
undergoing hemodialysis: systematic review and metaanalysis of randomized, controlled trials. Clin Infect Dis.
2008;47:83-93. doi: 10.1086/588667.
Weijmer MC, van den Dorpel MA, Van de Ven PJ, ter Wee
PM, van Geelen JA, Groeneveld JO, et al. Randomized,
clinical trial comparison of trisodium citrate 30% and
heparin as catheter-locking solution in hemodialysis
patients. J Am Soc Nephrol. 2005;16:2769-77. doi: 10.1681/
ASN.2004100870
Stevenson KB, Hannah EL, Lowder CA, Adcox MJ, Davidson
RL, Mallea MC, et al. Epidemiology of hemodialysis vascular
access infections from longitudinal infection surveillance
data: predicting the impact of NKF-DOQI clinical practice
guidelines for vascular access. Am J Kidney Dis. 2002;39:54955. doi: 10.1053/ajkd.2002.31405
Justo JA, Bookstaver PB. Antibiotic lock therapy: review of
technique and logistical challenge. Infect Drug Resist. 2014;
7:343-63. doi: 10.2147/IDR.S51388.
Winnett G, Nolan J, Miller M, Ashman N. Trisodium citrate
46.7% selectively and safely reduces staphylococcal catheterrelated bacteraemia. Nephrol Dial Transplant. 2008;23:35928. doi: 10.1093/ndt/gfn299
Little MA, O’Riordan A, Lucey B, Farrell M, Lee M, Conlon
PJ, Walshe JJ. A prospective study of complications associated
with cuffed, tunnelled haemodialysis catheters. Nephrol Dial
Transplant. 2001;16:2194-200. doi: 10.1093/ndt/16.11.2194
Nissenson AR, Dylan ML, Griffiths RI, Yu HT, Dean BB,
Danese MD, Dubois RW. Clinical and economic outcomes
of Staphylococcus aureus septicemia in ESRD patients
receiving hemodialysis. Am J Kidney Dis. 2005;46:301-8.
doi: 10.1053/j.ajkd.2005.04.019.
Reed SD, Friedman JY, Engemann JJ, Griffiths RI, Anstrom
KJ, Kaye KS, et al. Costs and outcomes among hemodialysisdependent patients with methicillin-resistant or methicillinsusceptible Staphylococcus aureus bacteremia. Infect Control
Hosp Epidemiol. 2005;26:175-83. doi: 10.1086/502523.
Marr KA, Sexton DJ, Conlon PJ, Corey GR, Schwab SJ,
Kirkland KB, et al. Catheter-related bacteremia and outcome
of attempted catheter salvage in patients undergoing
hemodialysis. Ann Intern Med. 1997;127:275-80. doi:
10.7326/0003-4819-127-4-199708150-00003.

10. Havasi V, Hurst CO, Briles TC, Yang F, Bains DG, Hassett DJ,
et al. Inhibitory effects of hypertonic saline on P. aeruginosa
motility. J Cyst Fibros. 2008;7:267-9. doi: 10.1016/j.
jcf.2007.11.009
11. Grudzinski L, Quinan P, Kwok S, Pierratos A. Sodium citrate
4% locking solution for central venous dialysis catheters—an
effective, more cost-efficient alternative to heparin. Nephrol
Dial Transplant. 2007;22:471-6. doi: 10.1093/ndt/gfl606.
12. Bevilacqua JL, Gomes JG, Santos VF, Canziani ME.
Comparison of trisodium citrate and heparin as catheterlocking solution in hemodialysis patients. J Bras Nefrol.
2011;33:86-92. doi: 10.1590/S0101-28002011000100012.
13. Oguzhan N, Pala C, Sipahioglu MH, Cilan H, Durmaz S,
Percin D, et al. Locking tunneled hemodialysis catheters
with hypertonic saline (26% NaCl) and heparin to prevent
catheter-related bloodstream infections and thrombosis: a
randomized, prospective trial. Ren Fail. 2012; 34:181-8. doi:
10.3109/0886022X.2011.646884.
14. Martínez MRG, Perez AMG, Ramires MDO, Simon MCR,
Rodriguez IC, Garcia MCH, et al. Study of the efficacy of a
taurolidine and 4% citrate lock solution for haemodialysis
catheters in the prevention of infection and thrombosis.
Revista de la Sociedad Espanola de Enfermeria Nefrologica.
2014;17:22-27.
15. Olthof ED, Versleijen MW, Huisman-de Waal G, Feuth T,
Kievit W, Wanten GJ. Taurolidine lock is superior to heparin
lock in the prevention of catheter related bloodstream
infections and occlusions. PLoS One. 2014;9:e111216. doi:
10.1371/journal.pone.0111216.
16. El-Hennawy AS, Frolova E, Romney WA. Sodium
bicarbonate catheter lock solution reduces hemodialysis
catheter loss due to catheter-related thrombosis and blood
stream infection: an open-label clinical trial. Nephrol Dial
Transplant. 2019;34:1739-1745. doi: 10.1093/ndt/gfy388
17. Arechabala MC, Catoni MI, Claro JC, Rojas NP, Rubio ME,
Calvo MA, et al. Antimicrobial lock solutions for preventing
catheter-related infections in haemodialysis. Cochrane
Database Syst Rev. 2018;4:CD010597. doi: 10.1002/14651858.
CD010597.pub2.
18. Chen FK, Li JJ, Song Y, Zhang YY, Chen P, Zhao CZ, et al.
Concentrated sodium chloride catheter lock solution–a
new effective alternative method for hemodialysis patients
with high bleeding risk. Ren Fail. 2014;36:17-22. doi:
10.3109/0886022X.2013.830207.
19. Kennard AL, Walters GD, Jiang SH, Talaulikar GS.
Interventions for treating central venous haemodialysis
catheter malfunction. Cochrane Database Syst Rev.
2017;10(10):CD011953. doi: 10.1002/14651858.CD011953.
pub2
20. Weber DJ, Rutala WA. Central line-associated bloodstream
infections: prevention and management. Infect Dis Clin N
Am. 2011;25:77-102. doi: 10.1016/j.idc.2010.11.012.
21. Gudiol C, Nicolae S, Royo-Cebrecos C, et al. Administration
of taurolidine-citrate lock solution for prevention of
central venous catheter infection in adult neutropenic
haematological patients: a randomised, double-blinded,
placebo-controlled trial (TAURCAT). Trials. 2018;19:264.
doi: 10.1186/s13063-018-2647-y

Copyright © 2020 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

6

Journal of Renal Injury Prevention, Volume 9, Issue 3, September 2020

http://journalrip.com

