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Introduction: Catheter-related bloodstream infection (CRBSI) is a common complication of catheter use for vascular access
in hemodialysis patients and a major cause of morbidity and mortality. Preventive measures, including antibiotic lock, are
inadequate due to the risk of resistance and insufficient effect against bacterial biofilm. Ethanol, an antimicrobial substance,
is a potential prophylactic lock-in preventing CRBSI. This study aims to assess ethanol lock’s effectiveness in preventing CRBSI
in hemodialysis patients with a catheter as vascular access and its impact on catheter dysfunction.

Methods: Researchers systematically searched online databases including Pubmed, Cochrane Library, and Science
Direct for relevant randomized controlled trials (RCTs) published within 2011 until 2020. Relevant data were pooled in
PICOs (Population, Intervention, Control, Outcomes) format and analyzed with Review Manager (version 5.3.5, Cochrane
Collaboration, Denmark).

Results: Seven RCTs involving 453 patients were assessed. The primary outcome indicates that prophylactic ethanol
lock significantly reduces the incidence of CRBSI compared to that of heparin lock (RR=0.32, 95% (I 0.12-0.83, p=0.02,
heterogeneity ’=68%). The secondary outcome suggests no significant difference in the incidence of catheter dysfunction in
ethanol lock and heparin lock (RR=0.75, 95% (I 0.23-2.40, p=0.63, heterogeneity ’=68%).

Conclusion: Ethanol is a potential prophylactic lock agent in preventing CRBSI in hemodialysis patients with catheter access.
Further research is needed to synchronize the procedural use of ethanol lock and evaluate its long-term effect.
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INTRODUCTION

Chronic Kidney Disease (CKD) remains
a disease with high worldly prevalence. In
late 2016, it is estimated that 3,7 million of
the world population suffer from end-stage
renal disease (ESRD), and this number
continues to increase by 6% yearly. Around
3 million of them require hemodialysis
(HD).! In Indonesia, according to The
Indonesian Renal Registry (IRR), the
number of CKD patients increased from
9.649 in 2010 to 30.831 in 2017, while
the prevalence increased from 11.484 in
2010 to 77.892 in 2017.2 Hemodialysis,
particularly in Indonesia, remains the

main treatment modality. There was a
three-fold increase in the number of
hemodialysis patients in 2011 than that in
2007. In the dialysis unit on Dr. Soetomo
District Hospital Surabaya, the recorded
number of CKD patients who undergo
routine hemodialysis constantly increased
for three years: 245 patients in 2013, 255
patients in 2014, and 303 patients in 2015.%

Creating vascular access is a common
proceduretoaidinhemodialysisprocedure.
Several known types include catheter
access, arteriovenous fistula (AVF), an
arteriovenous graft (AVG). AVF and AVG,
which are typically used for long-term use,
require maturation for about six weeks,

during which time patients are usually
equipped with temporary catheter access
for hemodialysis. The primary failure rate
of AVF ranges between 30%-70%, and
its 1-year patency ranges around 40%-
70%.%* The complication of AVF and AVG,
such as thrombosis or stenosis, requires
repairing, catheter access is utilized to
enable uninterrupted hemodialysis cycles.
Furthermore, if possible physiologic
sites for AVF or AVG are depleted due
to recurrent failure, permanent catheter
access may be considered.*

Around 80% of patients initiate
hemodialysis witha central venous catheter
(CVC), which is used in continuation
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up to 90 days (68,5%) and one year in
the form of a tunneled catheter (21%).%7
The long-term use of catheters carries
risks, including catheter-related infection
might occur on the exit site, inside the
lumen, and bacteremia (catheter-related
bloodstream  infection/CRBSI).  The
incidence of vascular catheter-related
bacteremia ranges around 48%-73%,
responsible for 26% of catheter removal.®
In 2011, The United States Centers for
Disease Control and Prevention (CDC)
reported 41000 cases of CRBSI which
resulted in increased hospital admission
rates.® Hemodialysis patients with CVCare
at a 15-fold risk of CRBSI, with mortality
rates ranging from 12% to 25%. The risk of
sepsis with CVC is 8-fold greater than that
with AVG and AVE” Other complications
include septic arthritis and epidural
abscess.”!” CRBSI in hemodialysis patients
with a long-term catheter is a nosocomial
infection problem with high morbidity
and mortality, resulting in higher cost and
longer hospital stay. The main causative
agent of CRBSI is Gram-positive coccus
and Gram-negative basil and fungi that
form biofilm on the catheter lumen. In
non-permanent catheters, its removal may
solve the problem, while in a permanent

catheter, antimicrobial lock solutions
might be of use."
Antimicrobial locks are further

grouped into antibiotic-based and non-
antibiotics. The current use of catheter
locks commonly consists of heparin,
which some studies suggest might aid in
forming pathogenic biofilm inside the
catheter lumen.® The use of antibiotics also
raises concerns about antibiotic resistance.
Several studies reported resistance in the
use of high-dose gentamycin (4-27 mg/
ml) against Enterobacteriaceae sp. and
Staphylococcus sp. and one case of death
in the use of 1-4 mg/ml gentamycin
lock.®” Therefore, current use suggests
low-dose antibiotics or replacement of
heparin with other agents. However, low-
dose antibiotics do not solve the concern
for antibiotic resistance.”* Other studies
reported that antibiotics have inadequate
biofilm penetration potency. Heparin
replacement is deemed irrational due to
its greater benefit of thrombus prevention
than the risk of biofilm formation.?

Due to the concern of antibiotic

resistance with its use for locking agents,
the authors evaluated the role of non-
antibiotic antimicrobial lock solutions.
The use of both low- and high-dose
trisodium citrate result in inconsistent
outcomes related to CRBSI. It is also not
recommended due to a case of death
and possible induced paresthesia and
arrhythmia (by hypocalcemia or systemic
embolism). Furthermore, its use requires
a higher dose of thrombolytics to reduce
catheter dysfunction.®” Ethanol is a widely
available, inexpensive antiseptic agent with
bactericidal and fungicidal activity. It is a
broad-spectrum agent that works through
nonspecific protein denaturation and
lipid dissolution. Several in vitro studies
have reported its effectiveness against
pathogenic biofilms.*"" High-dose ethanol
exposure has not been proved to induce
resistance with a minimum side effect.”
This study aims to evaluate the potency
of ethanol lock in preventing CRBSI in
hemodialysis patients in the form of meta-
analysis from available clinical trials.

METHODS

Relevant  keywords,  consisting  of
(“Ethanol lock”) AND (“Heparin lock”)
AND  (“Catheter-Related  Bloodstream
Infection” OR “CRBSI” OR “Catheter-
Related Infection” OR “CRI”) AND
(“Hemodialysis”) were inputted in search
engines, including Pubmed, Cochrane
Library, and Science Direct. Data
pooling was done during January 2021
to February 2021. Acquired studies were
initially screened to exclude non-human
studies, non-RCTs, unrelated study topics
(unrelated to systemic infection due to
catheter as vascular access in regular
hemodialysis patients), and studies
published languages other than English
and Indonesian. Authors identified RCTs
regarding the effect of ethanol compared
to heparin lock in CRBSI in hemodialysis
patients. After eliminating duplicates,
62 studies were found. Further screen
resulted in 17 studies that met the inclusion
criteria and seven studies with relevant
results.'*"? Data were extracted in a table.
Collected studies were then reviewed
to ensure synchronous outcomes and
enable comparation. This study is in line
with the PRISMA flow diagram. The risk
of bias was assessed with The Cochrane

Collaboration Tools. Quantitative analysis
was done to calculate Risk Ratio (RR) and
95% Confidence Interval (CI) with a fixed-
effect model (or random-effect model
it there is significant heterogeneity/I*
>50%) using Review Manager software 5.3
(version 5.3.5, Cochrane Collaboration,
Denmark). This study aims to evaluate
the effect of ethanol lock in the incidence
of CRBSI compared to heparin lock
in hemodialysis patients as a primary
outcome and the effect of ethanol lock
in catheter dysfunction as a secondary
outcome.

RESULTS

Study Characteristics
The study selection process is shown in
Figure 1. All 7 studies that met the inclusion
criteria are randomized controlled trials
(RCTs). The characteristics of the 7 studies
are shown in Table 1. In total, 453 patients
are included in this meta-analysis, 228 of
whom were treated with ethanol lock and
the remaining 225 were control population
with heparin lock. All patients were non-
pregnant, non-breastfeeding adults (>18
years) who were on regular hemodialysis
treatment (urgent/emergency cases and
critical ICU patients were excluded). Three
studies included participants who undergo
hemodialysis due to CKD.">'®" while in
three other studies, no etiological diseases
were recorded."*'” One study included
various etiology (CKD secondary to
hypertension and diabetes, as well as IgA
nephropathy). Four studies used tunneled
catheters and 3 studies used non-tunneled
catheters.'>!”"1?

All inclusion studies used catheter
lock 3x/week (all populations had 2 HD
sessions per week). CRBSI in all included
studies and as the primary outcome of
this study is based on the Kidney Disease
Outcomes Quality Initiative (KDOQI)
(2006) criteria as definite/probable/
possible CRBSI, further defined as:

a) Definite  bloodstream  infection:
Isolation of the same organism
from a semiquantitative culture of
the catheter tip (>15 CFU/catheter
segment) and a blood culture in an
asymptomatic patient with no other
apparent source of infection.

b) Probable bloodstream infection:
Defervescence of symptoms after
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antibiotic therapy with or without
catheter removal in the setting
in which blood culture confirms
infection, while catheter tip does
not (or catheter tip does, but blood
culture does not) in an asymptomatic
patient with no other apparent source
of infection.

c) Possible bloodstream  infection:
Defervescence of symptoms after
antibiotic therapy or after catheter
removal in the absence of laboratory
confirmation of bloodstream infection
in an asymptomatic patient with no
other apparent source of infection.

Catheter dysfunction is a secondary
resultin this study, in which only 4 included
studies evaluated catheter dysfunction.

The criteria of catheter dysfunction from

each study are further explained in Table

1. In the study by Sofroniadou et al

(2017), catheter dysfunction is defined as

thrombosis. The inability to use the catheter

at >200 ml/minute flow despite additional
flushing and instillation of t-plasminogen
activator as intraluminal thrombolysis."

Shresta & Raut (2015) defined catheter

dysfunction as persistent <200 ml/minute

flow after eliminating mechanical factors

(kink or patient positioning). It evaluated

the presence of thrombus by cutting the

catheter following its removal.”” Broom
et al. (2012) defined catheter dysfunction
as flow dysfunction (blockage or reduced
flow) and mechanical dysfunction

(ruptured catheter).'* Vercaigne et al

(2015) described catheter dysfunction as

two consecutive dialysis sessions with a

flow of <300 ml/minute for at least 50%

dialysis session.'®

Risk of Bias Assessment

Figure 2 presents the risk of bias of
each indluded studies. All 7 studies did
randomization, but 4 studies'¢'®! have
low risk of bias in the “random sequence
generation” parameter by elaborating
the randomization method, and 3
studies'>'®" have low risk of bias in the
“allocation  concealment”  parameter.
Five studies'>'*!'®'®!° have high risk of
bias on the “blinding of participants and
personnel” parameter. Two studies'*'
have high risk of bias on the “blinding of
outcome assessment” parameter. The high
risk of the two aforementioned parameters

60 studies identified
on PUBMED

17 studies identified on
COCHRANE LIBARY

48 studies identified on
SCIENCE DIRECT

62 studies after
eliminating duplicates

hd

62 studies were screened

45 studies excluded

y

17 full-text article
assessed

10 full-text article
excluded

7 articles for qualitative
analysis

7 articles for
quantitative analysis

Figure 1. Study selection process

is due to the unique odor of ethanol that
is easily recognizable by both healthcare
workers and the patients, affecting the
blinding process. On the “incomplete
outcome data” parameter, 6 studies'>'*'¢"?
have low risk of bias, while on the “selective
reporting” parameter, 5 studies'>'*"* have
low risk of bias. The risk of bias assessment
of the included studies is summarized in
Figure 3.

The intervention of ethanol lock to
the incidence of CRBSI in regular he-
modialysis patients

The definition of CRBSI in each study is
provided in Table 1. From 7 trials, there
are 453 participants with 453 catheters
included in this study. A random-effect
model was used due to the significant
heterogeneity between studies (P = 0.004,
I’=68%). Forest plot analysis (Figure
4) shows a significant difference in the
incidence of CRBSI between the use of
ethanol lock and control group (heparin
lock) (RR=0.32,95% CI 0.12-0.83, p=0.02),
indicating that ethanol lock is superior
in terms of reducing the incidence of
CRBSI compared to heparin lock alone.

Blinding of outcome assessment {detection hias)

@ OO S | ®|nomeeoutomedata atiion bias)

Other bias

. Blinding of participants and personnel (performance hias)

. Random sequence generation (selection hias)
. Allocation concealment (selection bias)

® 06 ® | @ | seleciive reporting (reporting bias)

Broorn 2012
Shrestha 2015
Sishir 2014
Sofroniadou 2017 | @ | @ | @
sun 2014 | @ [ 2K
ercaigne 2015 . . .
Yang 2013 ® e
Figure 2. Risk of bias assessment of each

included studies

Systemic catheter-related infections in
hemodialysis patients are related to “exit-
site infection” From 7 included studies,
only Sofroniadou et al. (2017) with 11,5%
incidence in the ethanol lock group and
17,6% in the control group and Broom
et al. (2012) with 4% incidence in the
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ethanol lock group) recorded this. The
causative agent of CRBSI varies, only
reported by three studies.'"*® In Broom et
al. (2012), isolated CRBSI organism was
Staphylococcus aureus in the ethanol group
and Staphylococcus aureus, Enterobacter
cloacae, and Staphylococcus hominis in the
control (heparin) group.’* Sofroniadou et
al. (2017) reported isolated Staphylococcus
aureus,  Staphylococcus  epidermidis,
Enterococcus  faecalis  (Gram-positive),
and Enterobacter cloacae and Klebsiella sp
(Gram-negative)." Shresta & Raut (2015)

reported isolated CRBSI organisms
including Staphylococcus aureus,
Enterococcus  faecalis,  Acinetobacter
baumani, Citrobacter fruendii, Klebsiella
pneumoniae, and Pseudomonas

aeruginosa."”

The intervention of ethanol lock to
the incidence of catheter dysfunction
in hemodialysis patients

The definition of catheter dysfunction in
each study is provided in Table 1. From 7
included trials, only 4 (311 participants,

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (aftrition bias)

Selective reporting (reporting bias)

Other bias | |
I } + + |
0% 25% 50% 7%  100%
I Low risk of bias [CJunclear risk of bias Il Hiah risk of bias
Figure 3. Summary of risk of bias assessment based on each parameter
Ethanol Lock Control Risk Ratio Risk Ratio
Study or Subgroup _ Events _Total Events Total Weight M.H,Random,95%Cl Year M-H, Random, 95% CI
Broom 2012 12 324 109% 0.32[0.04,287] 2012 —
Yang 2013 120 7 120% 0.14[0.02,1.08] 2013
Sun 2014 216 4 16 152% 050[0.11,235] 2014 —_—
Sishir 2014 1B 3% 1 3/ 238% 0.86[0.55,1.31] 2014 -
Shrestha 2015 1 80 22 B0 122% 0.05[0.01,033 201§ +—————
Vercaigne 2015 0 20 1 19 68% 0.32[0.01,7.35] 2015
Soffoniadou 2017 4 82 11 5 190% 0.36[0.12,1.05 2017 —
Total (95% CI) 228 225 100.0% 0.32 [0.12,0.83] -~
Total events 7 69
p 2_ - ChiZe & = e I } + J
Heterogeneity, Tau*= 0.97; Chi*= 18.93, df= 6 (P = 0.004); I*= 68% T 07 1 00

Testfor overall effect Z=2.34 (P=0.02)

Favours [Ethanol Lock] Favours [control]

Figure 4. Forest plot of the effect of ethanol lock in the incidence of CRBSI in regular
hemodialysis patients
EthanolLock  Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H,Random,95%Cl Year M-H, Random, 95% Cl
Broom 2012 7 i § 24 296% 1.68(0.56,5.01] 2012 —
Shrestha 2015 0 60 6 60 11.7% 0.08(0.00,1.3¢] s &———=—T
‘ercaigne 2015 2 20 719 248% 0.27[0.06,1.18] 2015 —
Sofroniadou 2017 14 52 g 81 339% 1.72(0.79,3.74) 2017 T
Total (95% CI) 157 154 100.0% 0.75[0.23, 2.40] onie-
Total events 23 25
Heteragenelty. Tau"= 0.88; ChF= 9.43, df= 3 (P= 0.02); F= 68% b= e + e

Testfor overall effect: Z=0.48 (P=0.63)

Favours [Ethanol Lock] Favours [control]

Figure 5. Forest plot of the effect of ethanol lock and catheter dysfunction in regular

hemodialysis patients

311  catheters) evaluated catheter
dysfunction related to ethanol lock. The
random group model is used due to
significant heterogeneity between studies
(P =0.02, I’=68%). There is no statistically
significant  difference  in  catheter
dysfunction in the included studies
(RR=0.75, 95% CI 0.23-2.40, p=0.63),
indicating that ethanol lock does not affect
catheter dysfunction conventional heparin
lock. Severalinclusion studies reported side
effects related to ethanol lock. According
to Sofroniadou et al. (2017), 6 participants
in the ethanol lock group experienced
short-term  perioral dysaesthesia or
metallic taste.” Sun (2014) reported 3
participants experiencing side effects, each
with flushing, bleeding, bad smell on the
ethanol lock group, and 4 bleedings in the
control group.'® Yang et al. (2013) reported
1 incidence of dizziness in the ethanol
group.” Vercaigne et al. (2015) reported 3
adverse events suspected to be related to
the use of ethanol lock, including axillo-
femoral graft occlusion, gastrointestinal
bleeding, and septic episode. However, the
gastrointestinal bleeding occurred in an
anemic patient with a benign ulcer in the
stomach antrum. The patient with sepsis
had preexisting pedal gangrene and up
for amputation right before the study was
conducted thus obscuring the effect of an
ethanol lock to this adverse event.'®

DISCUSSION

Analysis of 7 studies found that the risk
of CRBSI in ethanol lock was only 32%
compared to heparin lock. Therefore
ethanol lock significantly reduced the
incidence of CRBSI in HD patients by 68%.
These findings are similar and in line with
the meta-analysis by Zhang P et al. (2018),
with a decrease in the incidence of CRBSI
about 34%. However, the population in
the meta-analysis was diverse (not focused
on only HD patients).”" As the secondary
outcome, the effect of ethanol lock on
the incidence of catheter dysfunction
has the same level as heparin lock, which
is consistent with the meta-analysis by
Zhang ] et al. (2019), who also evaluated
ethanol but in a more diverse population.*

There are two ways for pathogen
micro-organisms to enter the bloodstream
and cause CRB. First, the extraluminal
way describes organism contact on the
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skin with the catheter’s outer surface,
which migrates downward following the
outer canal of the catheter to the tip where
the hematogenous spread occurs. Second,
the intraluminal way involves the transfer
of organisms via the contact from an
individual’s (usually a healthcare worker)
hand accessing the CVC or the patient’s
skin/surrounding clothing to the hub or
catheter cap, resulting in contamination
of the internal catheter surface. If the
treatment of the exit site after insertion
is done aseptically and properly, exit site
infection can be minimized. However,
the possibility of organism entry via the
intraluminal route remains throughout
catheter attachment. Intraluminal route
infection begins within 24 hours of
catheter insertion. Following adhesion,
these micro-organisms form a structure
called biofilms. A perfect biofilm consists
of micro-organisms protected by a self-
secreted matrix of exopolysaccharides.
Common organisms found in biofilms
include  Staphylococcus, Candida, and
Pseudomonas. 'The presence of these
biofilms facilitates ongoing and recurrent
infection in patients with vascular
catheters and the spread of hematogenous
pathogenic micro-organisms. Therefore,
the management of patients with CRBSI
involves preventing micro-organisms
attachment to the catheter and overcoming
pathogenic biofilms by targeting the
intraluminal  catheter entry route.
Moreover, heparin’s current conventional
lock is reported to play a role in forming
pathogenic biofilms.”"

Ethanol (30% to 70% concentration)
possesses  bactericidal properties and
other advantages, namely inexpensive,
ability to reduce biofilm formation,
has no resistance to agents, has a broad
spectrum of antimicrobial and antifungal
properties.® Ethanol 70% works by
damaging protein structures, unlike
antibiotics, which may explain how
ethanol reduces the risk of resistance.”
The potency of ethanol as a catheter
lock to reduce the incidence of systemic
infection associated with vascular access
catheter insertion has been evaluated
from in vitro studies. A study by Alonso
et al. in 2018 assessed the lowest effective
concentration of ethanol in inhibiting
biofilm formation in the catheter. The 40%

ethanol reportedly does not affect the 60 IU
heparin action, in which heparin is known
as the standard vascular access catheter
lock. A follow-up study was carried out
on the pathological strain of CRBSI that
was isolated directly from the patient from
these results. Alonso et al. 2019, in their
other study, evaluated a low concentration
of ethanol lock of 40%-heparin 60 IU
against clinical micro-organism strains
(isolated from hospital CRBSI patients)
with in vitro study models as a follow-up
from previous studies using laboratory
pathogenic strains. The result was that a
low ethanol concentration of 40% for 72
hours reduces the metabolic activity of
CRBSI organisms by 83% (no significant
difference with that of 70% ethanol) and
can be combined with heparin without
reducing heparin activity which requires
24 hours of locking or more. In this study,
it was also found that the composition
of the ethanol solution was also efficient
in reducing the biofilm mass in CRBSI
by 50% of the clinical strain. However,
unfavorable results were obtained in the
regrowth inhibition test after 72 hours of
locking. According to the study, micro-
organisms switch to a viable but non-
culturable state (metabolically inactive)
due to an unfavorable environment."
Apart from in vitro studies, the clinical
use of ethanol has also been studied by
several other studies. A review study on the
use of 70% ethanol as a catheter locking in
home parenteral nutrition (HPN) patients
for the prevention of CRBSI showed good
results, where several studies reported a
decrease in the CRBSI rate from 8.3 to 2.7
per 1000 catheter days, and retrospective
studies on 31 patients showed a decrease
of 10.1 to 2.9 per 1000 catheter days.”
A retrospective study by Kubiak et al. in
2014 on pediatric patients who received
ethanol lock therapy with CVC catheter
use stated that CVC in pediatric patients is
often due to indications of chemotherapy
and total parenteral nutrition. Thirty-five
out of the 45 cases of CRBSI (78%) showed
improvement in symptoms, and blood
cultures became sterile after applying
ethanol lock therapy for 4 to 12 hours
daily for five days.® The advantages of
ethanol lock in this retrospective clinical
study in reducing CRBSI are in line with in
vitro studies from Shrestha et al. at 230%

concentration, in which ethanol is superior
to several antibiotics (vancomycin,
ciprofloxacin, minocycline, and
rifampicin), with the ability of microbial
eradication around 3,6 - 3.9 log units at 2,
4, and 24 hours. At 235% concentration,
ethanol has been shown to reduce the
metabolic activity of matured Candida
albicans biofilms by > 99%. The weakness
of this retrospective study is the subjective
observation of medical personnel treating
patients with catheters and ethanol lock
therapy. The result that there were no
reports of side effects associated with
ethanol lock can be explained by the
minimal amount of ethanol that reached
the systemic circulation in this study
protocol. Most of it was aspirated after the
dwelling period. Therefore, the ethanol
lock solution administered in the CVC
should be aspirated instead of flushed into
the systemic circulation."”

Aside from the need for parenteral
nutrition and chemotherapy, long-term
vascular access catheter in hemodialysis
patients deserves attention due to the
large population in need. Merikhi et al.
(2019) evaluated the use of ethanol lock in
pediatric hemodialysis patients suffering
from CKD related to catheter-related
infection compared to 10 mg clindamycin
lock. Both regimens were combined
with heparin. The antibiotic lock was
administered 3x/week while ethanol
was given 1x/week while the remaining
sessions utilized heparin lock (2x/week).
This resulted in decreased catheter site
infection to only 12% in the ethanol lock
group than the initial 44% in the antibiotic
lock group. This study also observed that
there was no protein precipitate sediment
formation in the ethanol-heparin lock
combination group. This indicates that the
addition of heparin to ethanol as catheter
lock can decrease the incidence of catheter
thrombosis as a side effect of protein
precipitation.*

There are several possible side effects
of ethanol lock, both to the catheter and
to the body. Catheter-wise, ethanol is
associated with catheter thrombosis and
the mechanical integrity of the catheter.
Catheter thrombosis is associated with
protein precipitate that causes catheter
occlusion, while ethanol is associated
with reduced material integrity. Studies
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revealed that protein precipitate starts
forming in ethanol concentration of 28%
or higher, but no precipitate was observed
in heparin lock. This leads to the combined
use of ethanol and heparin to minimize
serum protein precipitate in catheters.”
The use of a higher concentration of
ethanol (70%) is associated with its effect
on mechanical integrity. There was no
significant difference in catheter integrity
(stress/strain test and elastic modulus) in
70% ethanol and heparin after 26 weeks
in either silicon or carbothane catheter
group.'> However, it is worth noting that
this was an in vitro study using catheters
from one producer. Therefore, ethanol is
advisably used only with alcohol (ethanol)-
compatible catheters made of carbothane
or silicon. Presumed systemic effects of
ethanol including abnormal liver function
test, mainly elevated transaminases,
reports of headache, nausea, dizziness, and
fatigue. These reports are more commonly
found in studies that flushed, instead of
aspirated, ethanol lock.”*® From here,
several means to minimize the adverse
effect of ethanol lock can be inferred:
a) Only use ethanol as a lock for
producers-approved catheters
b) Use the minimum  effective
concentration (30%-40% is suggested)
with minimum dwell time to preserve
the integrity of the catheter, and
use other additional agents (such
as heparin) to prevent intraluminal
obstruction. Ethanol is advisably
aspirated instead of flushed following
the end of dwell time. Observe for
signs and symptoms of alcohol
intoxication.®
CDC and Infectious Diseases Society
of America (IDSA) do not recommend
routine use of antimicrobial lock-
in hemodialysis patients with CVC.
Antimicrobial locks are recommended
for patients with a history of recurrent
CRBSI due to concerns of potential
antimicrobial resistance.”’* The European
Best Practices Report, however, concluded
that the effectiveness of antimicrobial
lock to reduce CRBSI overcomes the risk
and adverse effects, thus commending
its use as a prophylactic in all ESRD
patients with CVC."> Meanwhile, ethanol
may be an alternative as an additional
catheter locking agent due to its potency

in reducing catheter-related systemic
infection and near-zero risk of resistance
up to this day.

A shortcoming of this study is that there
are varied methods and interventions,
notably the concentration of the ethanol
and ethanol alone or in combination
with other substances in each included
study, posing as a potential bias of the
analytic result. However, through the
results of this study, ethanol as a non-
antibiotic antimicrobial agent will be more
convincing as a means to reduce CRBSI
and is deemed safe for clinical practice.

CONCLUSION

Ethanol, both as an additional regimen
to the standard heparin lock or as an
individual catheter locking solution, is a
potential prophylactic agent in preventing
and reducing the incidence of catheter-
related bloodstream infection (CRBSI)
in hemodialysis patients with vascular
access in the form of either temporary
or permanent tunneled catheter. Ethanol
application as catheter lock effect on
catheter dysfunction has the same level
as standard heparin locks in general,
therefore its effect on catheter dysfunction
can be ignored. The key application of
ethanol as therapy in CRBSI cases is
clinically concerned with several factors,
namely the concentration of ethanol, the
method of locking (flushing or aspiration),
the frequency of locking, the length of
time of locking, and the combination
with heparin. The authors assume that a
higher concentration of ethanol used as a
catheter lock will result in shorter required
locking/dwelling time and less frequent
usage, and vice versa. Therefore, further
clinical studies are needed to determine
the relationship between concentration,
locking time, and usage frequency of
ethanol lock.

CONFLICT OF INTEREST

There was no conflict of interest to disclose.

FUNDING

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

AUTHOR CONTRIBUTION

All of the authors are equally contributed
to the study

REFERENCE

1. Luyckx VA, Tonelli M, Stanifer JW. The global
burden of kidney disease and the sustainable
development goals. Bull World Health Organ.
2018;96(6):414-422D. Available from: http://
dx.doi.org/10.2471/blt.17.206441

2.  ABDURAHMAN A, Bandiara R, Supriyadi R.
MON-055THE GROWING BURDEN OF END
STAGE RENAL DISEASE IN INDONESIA:
TEN YEARS OF THE INDONESIAN RENAL
REGISTRY REPORTS. Kidney Int Reports.
2019;4(7):S327. Available from: http://dx.doi.
org/10.1016/j.ekir.2019.05.843

3. Farida LS, Thaha M, Susanti D. Characteristics
of Patients with End-Stage Renal Disease at
Dialysis Unit Dr. Soetomo General Hospital
Surabaya. Biomol Heal Sci J. 2018;1(2):97.
Available from: http://dx.doi.org/10.20473/
bhsj.v1i2.9400

4. Schmidli J, Widmer MK, Basile C, de Donato G,
Gallieni M, Gibbons CP, et al. Editor’s Choice
- Vascular Access: 2018 Clinical Practice
Guidelines of the European Society for Vascular
Surgery (ESVS). Eur ] Vasc Endovasc Surg.
2018;55(6):757-818. Available from: http://
dx.doi.org/10.1016/j.€jvs.2018.02.001

5. Wish]B, Moe SM. Moving Beyond the Assumed:
Improving Fistula Success Rates. ] Am Soc
Nephrol. 2017;28(10):2827-9. Available from:
http://dx.doi.org/10.1681/asn.2017060663

6.  Golestaneh L, Mokrzycki MH. Prevention of
hemodialysis catheter infections: Ointments,
dressings, locks, and catheter hub devices.
Hemodial Int. 2018;22(S2):S75-82. Available
from: http://dx.doi.org/10.1111/hdi.12703

7.  Fisher M, Golestaneh L, Allon M, Abreo K,
Mokrzycki MH. Prevention of Bloodstream
Infectionsin Patients Undergoing Hemodialysis.
Clin ] Am Soc Nephrol. 2019;15(1):132-51.
Available  from:  http://dx.doi.org/10.2215/
¢jn.06820619

8.  Kubiak DW, et al. Adjunctive management of
central line-associated bloodstream infections
with 70 % ethanol-lock therapy. ] Antimicrob
Chemother. 2014;69:1665-8.

9. Landry DL, Jaber RA, Hanumanthappa N,
Lipkowitz GS, O’Shea MH, Bermudez H, et al.
Effects of Prolonged Ethanol Lock Exposure to
Carbothane- and Silicone-based Hemodialysis
Catheters: A 26-week Study. J Vasc Access.
2015;16(5):367-71.  Available from: http://
dx.doi.org/10.5301/jva.5000397

10. Lok CE, Mokrzycki MH. Prevention and
management of catheter-related infection
in  hemodialysis patients. Kidney Int.
2011;79(6):587-98.  Available from: http://
dx.doi.org/10.1038/ki.2010.471

11. Alonso B, Pérez-Granda M]J, Latorre MC,
Rodriguez C, Sanchez-Carrillo C, Muiloz P, et
al. Correction: Is heparinized 40% ethanol lock
solution efficient for reducing bacterial and
fungal biofilms in an in vitro model? PLoS One.
2019;14(8):€0221702. Available from: http://

14 Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2021; 1(1): 4-7 | DOI : 10.51559/jinava.v1i1.7


https://doi.org/10.51559/jinava.v1i1.7
http://dx.doi.org/10.2471/blt.17.206441
http://dx.doi.org/10.2471/blt.17.206441
http://dx.doi.org/10.1016/j.ekir.2019.05.843
http://dx.doi.org/10.1016/j.ekir.2019.05.843
http://dx.doi.org/10.20473/bhsj.v1i2.9400%0D
http://dx.doi.org/10.20473/bhsj.v1i2.9400%0D
http://dx.doi.org/10.1016/j.ejvs.2018.02.001
http://dx.doi.org/10.1016/j.ejvs.2018.02.001
http://dx.doi.org/10.1681/asn.2017060663
http://dx.doi.org/10.1111/hdi.12703
http://dx.doi.org/10.2215/cjn.06820619
http://dx.doi.org/10.2215/cjn.06820619
http://dx.doi.org/10.5301/jva.5000397
http://dx.doi.org/10.5301/jva.5000397
http://dx.doi.org/10.1038/ki.2010.471
http://dx.doi.org/10.1038/ki.2010.471
http://dx.doi.org/10.1371/journal.pone.0221702%0D

ORIGINAL ARTICLE

12.

13.

14.

15.

16.

dx.doi.org/10.1371/journal.pone.0221702
Landry D, Braden G. Reducing Catheter-
Related Infections in Hemodialysis Patients.
Clin ] Am Soc Nephrol. 2014;9(7):1156-9.
Available  from:  http://dx.doi.org/10.2215/
¢jn.04700514

Zhao T, Liu H, Han J. Ethanol lock is effective
on reducing the incidence of tunneled catheter-
related bloodstream infections in hemodialysis
patients: a systematic review and meta-analysis.
Int Urol Nephrol. 2018;50(9):1643-52. Available
from:  http://dx.doi.org/10.1007/s11255-018-
1855-4

Broom JK, Krishnasamy R, Hawley CM,
Playford EG, Johnson DW. A randomised
controlled trial of Heparin versus EthAnol
Lock THerapY for the prevention of Catheter
Associated infecTion in Haemodialysis patients
- the HEALTHY-CATH trial. BMC Nephrol.
2012;13(1). Available from: http://dx.doi.
org/10.1186/1471-2369-13-146

Sishir G, Bhupeshkumar K, Umapati H,
Kalpesh G, Mohan R. To study the efficacy of
intraluminal 70% ethanol vs heparin lock prior
to hemodialysis in prevention of infections
in non-tunneled hemodialysis catheters: a
randomised study. Nephrology. 2014;19:181-2.
Sun X. Ethanol versus Heparin Catheter
Locks for Cuffed Central Venous Catheters
in Hemodialysis Patients: A Single-center
Randomized Controlled Trial. [Internet].
Southeast University; 2014. Available from:
http://www.wanfangdata.com.cn/details/detail.
do?_type=degree&id=Y2706576

17.

18.

19.

20.

21.

Shrestha SKD, Raut KB. Role of Ethanol Lock
Therapy Vs Heparin Lock In Preventing
Infections in Non-Tunneled Hemodialysis
Catheters. ] Univers Coll Med Sci. 2015;3(4):30-
6. Available from: http://dx.doi.org/10.3126/
jucms.v3i4.24266

Vercaigne LM, Allan DR, Armstrong SW,
Zacharias JM, Miller LM. An Ethanol/Sodium
Citrate Locking Solution Compared to Heparin
to Prevent Hemodialysis Catheter-Related
Infections: a Randomized Pilot Study. ] Vasc
Access. 2015;17(1):55-62. Available from:
http://dx.doi.org/10.5301/jva.5000486
Sofroniadou S, Revela I, Kouloubinis A,
Makriniotou I, Zerbala S, Smirloglou D, et al.
Ethanol combined with heparin as a locking
solution for the prevention of catheter related
blood stream infections in hemodialysis
patients: A prospective randomized study.
Hemodial Int. 2017;21(4):498-506. Available
from: http://dx.doi.org/10.1111/hdi.12524
Yang J., Liu H, Gao M, She L., Zhang L., Wang
Y. Application of ethanol locks in maintenance
hemodialysis patients with long-term catheter
indwelling. Chin ] Nosocomiol. 2013;23:318-9.
Zhang P, Su X-J, Wang X-H. Comment on the
original article entitled “Ethanol lock is effective
on reducing the incidence of tunneled catheter-
related bloodstream infections in hemodialysis
patients: a systematic review and meta-analysis.”
Int Urol Nephrol. 2018;50(9):1743. Available
from:  http://dx.doi.org/10.1007/s11255-018-
1894-x

23.

24.

25.

26.

Zhang J, Wang B, Wang ], Yang Q. Ethanol
locks for the prevention of catheter-related
infection in patients with central venous
catheter: A systematic review and meta-analysis
of randomized controlled trials. PLoS One.
2019;14(9):€0222408. Available from: http://
dx.doi.org/10.1371/journal.pone.0222408
Daoud DC, Wanten G, Joly E. Antimicrobial
Locks in Patients Receiving Home Parenteral
Nutrition. Nutrients. 2020;12(2):439. Available
from: http://dx.doi.org/10.3390/nu12020439
Merikhi A, et al. Comparison of the effect of
antibiotic-lock and ethanol-lock methods on
infection rate in children with hemodialysis
catheter. Am J Clin Exp Urol. 2019;7(6):384-
90. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC6971476/pdf/
ajceu0007-0384.pdf.

Schilcher G, Schlagenhauf A, Schneditz D,
Scharnagl H, Ribitsch W, Krause R, et al. Ethanol
Causes Protein Precipitation—New  Safety
Issues for Catheter Locking Techniques. PLoS
One. 2013;8(12):€84869. Available from: http://
dx.doi.org/10.1371/journal.pone.0084869
Mermel LA, Alang N. Adverse effects
associated with ethanol catheter lock solutions:
a systematic review. ] Antimicrob Chemother.
2014;69(10):2611-9. Available from: http://
dx.doi.org/10.1093/jac/dku182

(@O

This work is licensed under a Creative Commons Attribution

Published by the Indonesian Vascular Access Association | Journal of Indonesia Vascular Access 2021; 1(1): 4-7 | DOI: 10.51559/jinava.v1i1.7 15


https://doi.org/10.51559/jinava.v1i1.7
http://dx.doi.org/10.1371/journal.pone.0221702%0D
http://dx.doi.org/10.2215/cjn.04700514
http://dx.doi.org/10.2215/cjn.04700514
http://dx.doi.org/10.1007/s11255-018-1855-4%0D
http://dx.doi.org/10.1007/s11255-018-1855-4%0D
http://dx.doi.org/10.1186/1471-2369-13-146
http://dx.doi.org/10.1186/1471-2369-13-146
http://www.wanfangdata.com.cn/details/detail.do%3F_type%3Ddegree%26id%3DY2706576%0D
http://www.wanfangdata.com.cn/details/detail.do%3F_type%3Ddegree%26id%3DY2706576%0D
http://dx.doi.org/10.3126/jucms.v3i4.24266
http://dx.doi.org/10.3126/jucms.v3i4.24266
http://dx.doi.org/10.5301/jva.5000486
http://dx.doi.org/10.1111/hdi.12524
http://dx.doi.org/10.1007/s11255-018-1894-x%0D
http://dx.doi.org/10.1007/s11255-018-1894-x%0D
http://dx.doi.org/10.1371/journal.pone.0222408
http://dx.doi.org/10.1371/journal.pone.0222408
http://dx.doi.org/10.3390/nu12020439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6971476/pdf/ajceu0007-0384.pdf.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6971476/pdf/ajceu0007-0384.pdf.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6971476/pdf/ajceu0007-0384.pdf.
http://dx.doi.org/10.1371/journal.pone.0084869
http://dx.doi.org/10.1371/journal.pone.0084869
http://dx.doi.org/10.1093/jac/dku182
http://dx.doi.org/10.1093/jac/dku182

