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Abstract:

Introduction: This trial assessed the efficacy of vancomycin lock solution in reducing
catheter-related blood stream infections among bone marrow transplantation patients
who were transplanted using tunneled catheters.

Methods and Results: patients randomly received either heparin only (control group) or a
mixture of 5 mg/ml vancomycin and 2500 U/ml heparin (antibiotic group) as catheter
lock solution. Results: The control group, CRBSIs rates perl000 catheter-days was
significantly lower (0.1609 vs 6.214 events; p=0.0265, Hazard ratio 4.924 %95 CI of
ratiol.238-31.20) and BSI (Blood Stream Infection) rates per 1000 catheter-days was
significantly lower (0.2744vs 3.644events; p=0.0073, Hazard ratio 7.209 %95 CI of ratio
(0.03205-0.808)). More over, The cumulative infection-free catheter survival was
significantly higher (log rank statistic 4.924 p=0.0265) in the antibiotic group and
cumulative infection-free survival was significantly higher (log rank statistic 7.209
p=0.0073) in the antibiotic group compared with the control group. There is no
significant difference in catheter removal incidence (27.27% in the antibiotic group vs
15.38% in the control group; p=0.245) between the two group.

Conclusion: Vancomycin containing catheter lock solution is effective in reducing
CRBSIs incidence and prolonging central vein catheter survival in Hematopoietic stem
cell transplantation (HSCT) patients.
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1. Introduction

and are reported as the number of bloodstream infections
per 1000 intravascular device days. CVC infection rates

Central venous catheter (CVC) use has increased
substantially, and associated infections have become a
frequent complication of CVC use. An estimated
250,000 catheter-related bloodstream infections (CRBSI)
occurred annually in the United States [1-4].

In acute care settings, mortality and morbidity rates have
declined by as much as 50 percent from 2008 to 2014
due to initiatives designed to prevent these infections [4];
nonetheless, CRBSIs remains a significant cause of
morbidity and mortality among patients receiving
chemotherapy, parenteral nutrition, and hemodialysis.
Infection rates are dependent on the type of CVC used

are highest with short-term non cuffed, non-tunneled,
and non-medicated hemodialysis multi lumen catheters
and lowest with subcutaneous central venous ports [1].
The prevention and management of CRBSI is a
significant health care challenge. CRBSI occurs at an
estimated rate of 41,000 infections in US hospitals
annually [5]. This rate varies based on hospital bed size,
medical school affiliation of the hospital, and type of
unit/facility (e.g., burn critical care unit, inpatient
medical ward, rehabilitation facility). In US medical and
surgical units of any acuity level, the most recent data
from 2012 estimate the mean incidence rate of CRBSI at

This open-access article is distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0).


https://creativecommons.org/licenses/by-nc/4.0/legalcode

S. Shahkarami et al. International Pharmacy Acta, 2021;4(1):e10

0.8 to 0.9 per 1,000 central line days[6]. However,
patients in both medical and surgical critical care units
have a higher overall risk of developing CRBSI
compared with inpatient wards with only 0.15-0.17 [6].
Among critically ill patients, those in burn units or long-
term care acute hospitals are at exceptionally high risk of
developing CRBSI (mean rates of 3.4 and 1.6 CRBSI per
1,000 central line days, respectively). While overall
CRBSI rates appear to have decreased in the last 10-15
years, they remain as a substantial cause of morbidity
and mortality in the health care system[7]. Clinical
practice  guidelines recommend antibiotic  lock
therapy(ALT) for both prevention and treatment of
catheter-related infections (CRI) (8,9). Guidelines from
the Centers for Disease Control and Prevention (CDC)
recommends ALT as prophylaxis for patients with long-
term catheters and a history of multiple CRI despite
maximal efforts to follow the aseptic technique [8].
Guidelines from the Infectious Disease Society of
America (IDSA) for the diagnosis and management of
CRI recommend antibiotic lock as adjunctive therapy
specifically for catheter salvage in cases where the
catheter is not removed [9].

Intravascular catheters and other implanted medical
devices routinely develop microbial biofilms on their
inert surfaces. A biofilm is defined as a microbial
community with cells attached to a substratum or each
other and embedded in a matrix of extracellular
polymeric substances (EPS), or glycocalyx. EPS density
varies within the biofilm itself, appearing densest in
deeper layers immediately surrounding the colonies of
microorganisms. Its density decreases in more
superficial layers, leading to the formation of water
channels in and around the biofilm matrix [10]. Such
channels allow for the transfer of nutrients, waste
products, quorum-sensing molecules, and other
substances (including antibiotics), similar to the function
of a circulatory system in a multicellular organism.
Biofilms represent a form of adaptive resistance
resulting in a significant reduction of antibiotic
susceptibility by 10 to 1,000-fold(based on minimal
inhibitory concentrations [MIC]). Biofilms may slow the
distribution of antibiotics via charge interaction, size
exclusion, the viscosity of the matrix, and possible
adsorption. EPS may also inactivate antibiotic molecules
before reaching biofilm cells [11]. The extent of
penetration varies widely (range 0%-100%), being
excellent with agents such as fluoroquinolones and
rifamycins, variable with beta-lactams and vancomycin,
and attenuated with aminoglycosides [11]. In the general
antibiotic lock, solutions is combined from a highly
concentrated antibiotic (100-1000 times planktonic MIC)
with an anticoagulant to allow local instillation into the
catheter lumen. The solution is allowed to dwell or is
“locked” while the CVC is not used to prevent
colonization or sterilize a previously infected catheter.
ALT is often utilized in clinical practice in a prophylactic

modality to prevent luminal colonization and subsequent
CRBSI. This study has demonstrated significant benefit
in hemodialysis-dependent patients and those with
indwelling CVC for intravenous (IV) chemotherapy and
total parenteral nutrition (TPN)[12,13,14]. ALT is also
an option in the management of CRBSI as an adjunct to
systemic antibiotics, increasing rates of catheter salvage
[12, 15]. Although there is wide variability in clinical
utilization of ALT among infectious diseases specialists,
nearly 40% report attempting catheter salvage with ALT
[16].

2. Materials & Methods

This randomized prospective clinical trial compared
vancomycin-heparin lock with heparin as a central vein
catheter lock. This study was conducted at the BMT
ward of Talegani Hospital, Shahid Beheshti University
of Medical Sciences, between February 2017 and
January 2018. All patients whom were Candidate HSCT
and recently underwent tunneled CVC (ARROW)
insertion through the Internal Jugular vein were included
in this study.

Patients were using Permuted Block Randomization
assigned to either antibiotic or control group. The
exclusion criteria consisted of patients with active
infection within one week before entering the study,
patients who received other antibiotics, or those with
known vancomycin hypersensitivity. The antibiotic
group received vancomycin-heparin lock solution. This
solution was a mixture of 5 mg/ml vancomycin and 2500
U/ml unfractionated heparin. Patients in the control
group received a solution containing only heparin
common in the BMT ward of this hospital. When
catheter accessibility was allowed, the catheter lumen
was flushed with 5 ml of normal saline solution and then
was locked for a minimum of 8 hours to 24 hours per
day. Ideally, the solution may be locked in situ whenever
the CVC is not in use. Catheter access often limits the
dwell time, especially when the CVC is used for IV
antibiotics and other systemic therapies. The nurse
responsible for medication administration should be
actively engaged to ensure the replacement of lock
solution if interruption of the dwell is required. Catheter
capacity described by the manufacturer determined total
volume (usually 2 ml for tunneled and 3-5 ml for
implanted ports). The nurses were trained to ensure
proper profiling of the ALT, and certain factors were
considered: 1) the number of lumen for the Specific
CVC and 2) IV therapies scheduled for administration
through the CVC (especially any continuous IV
infusion). In cases of multi-lumen CVC, the optimal
scenario is to lock all lumen with the antibiotic solution.
If a continuous IV fluid was being administered in a
patient with multiple lumens, the nurse was instructed to
rotate lumens every 12-24 h. alternating the lock solution
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to allow for exposure of each lumen to the ALT. This
might be a significant challenge, and proper labeling of
CVC lumens would be helpful to identify a rotation
schedule. However, if a significant number of scheduled
IV therapies are expected, an attempt should be made for
co-administration wherever possible (based on known
compatibility data).

Alternatively, holding continuous infusions like fluids or
TPN for brief (24-36 hours) periods initially or changing
the administration to a peripheral IV access may be
viable options in select patients [17]. Patients in the
antibiotic group were subsequently divided into two
subgroups. Both the lumens were locked for 8 hours in
one subgroup, and in the other subgroup, the lumens
were alternatively locked for 8-24 hours. The patients
were observed for 21 days after recent catheterization.
Catheters were not used during ALT. The pharmacist
prepared Lock solutions every 72 h. Vancomycin-
heparin solutions are stable for 72 h at room temperature
based on Antibiotic Lock Solution Therapy Guideline
[18]. The patients were evaluated for adverse drug
reactions and dermatologic complications such as skin
rash, pruritus, and other rare adverse effects such as
Stevens-Johnson syndrome or erythema multiform
during ALT. The patients were followed up for 21 days
unless one of the following events occurred: (1)
unexpected catheter removal; (2) the patient was
expired; or (3) discharge before the end of the study
period. The major endpoint of the study was the
incidence of CRBSIs between the two comparative
groups, based on the classification by the Center for
Disease Control (CDC) of the United States has
introduced the term laboratory-confirmed bloodstream
infection (LCBSI) [19].

Patient has a documented pathogen cultured from one or
more blood cultures and organism grown from blood is
not associated with an infection at another site or Patient
has at least one of the following signs or symptoms:
fever (>38 °C), chills, or hypotension and signs and
symptoms and positive laboratory results are not linked
to an infection at another site and at least one of the
following: a. frequent skin contaminant is cultured from
two or more blood cultures collected on separate occasions.
b. common skin contaminant is cultured from at least
one blood culture from a patient with an intravascular
line, and the clinician institutes appropriate antibiotic
therapy. c. positive antigen test on blood. CRBSI should
be suspected when bloodstream infection occurs in a
central venous catheter setting with no other apparent
source.

Fever is the most sensitive clinical manifestation,
although the specificity is poor. Inflammation or
purulence at the insertion site has great specificity but
poor sensitivity [20,21].

Other clinical manifestations include hemodynamic
instability, altered mental status, catheter dysfunction (as

occurs with intraluminal clot), and clinical signs of
sepsis that start abruptly after catheter infusion.
Complications related to bloodstream infection
(suppurative thrombophlebitis, endocarditis, osteomyelitis,
metastatic infection) may also be observed. Based on
guidelines, catheter-related infection criteria: Bacteremia
or fungemia in a patient who has an intravascular device
and >1 positive blood culture result obtained from the
peripheral vein, clinical manifestations of infection (e.g.,
fever, chills, and hypotension), and no apparent source
for bloodstream infection (except for the catheter). One
of the following should be present: a positive result of
semiquantitative (>15 CFU per catheter segment) or
quantitative (>102 CFU per catheter segment) catheter
culture, Whereby the same organism (species) is isolated
from a catheter segment and a peripheral blood culture;
simultaneous quantitative cultures of blood with a ratio
of >3:1 CFU/ml of blood ( catheter versus peripheral
blood); differential time to positivity (growth in a culture
of blood obtained through a catheter hub is detected by
an automated blood culture system at least 2 hours
earlier than a culture of simultaneously drawn peripheral
blood of equal volume)[22]. Catheter colonization (CC)
was defined as the growth > 15 organisms in the lumen
of the catheter without any evidence of fever. After
diagnosing CRBSIs, infection treatment was the
responsibility of related individual physicians, and we
had no special responsibility for patient management
according to the study protocol.

2.1. Statistical analysis

All analyses were performed on an intention-to-treat
using SPSS software (version 20.0). Data are represented
as mean *+ standard error of the mean (SEM) or as
medians (ranges). The normal distribution of quantitative
variables was assessed by Kolmogorov- Smirnov test.
The student’s t-test, Mann-Whitney U-test, chi-square,
Fisher Exact, two-way ANOVA test analyses were used.
CRBSIs rates (CRBSI events for 1000 catheter-days and
BSI events for 1000 catheter-days) were compared using
the log-rank test. The cumulative infection-free catheter
was determined using the Kaplan-Meier method. P-
value<0.05 were considered statistically significant.

3. Results
Baseline characteristics of the patients

Figure 1 shows patients’ recruitment in the study. One-
year follow-up period was completed by 33 patients in
the antibiotic group and 39 patients in the control group.
All patients had tunneled CVC (Arrow) internal jugular
vein. All relevant baseline characteristic of the patients
in the antibiotic and control groups have been shown in
Table 1.
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Assessed for eligibility (n=110)

Randomized (n=110)

Allocation

I

Control group (n=59)
[ Patients were excluded n=20
[0 During prolonged neutropenia n=2
[ Were in the post engraftment stage n=6
Didn’t have catheter (did have port n=11)
[0 Error in patient placement in case and control groups
simultaneously n=1

Intervention group (n=51)

[] Patients were excluded n=18

[ Previous Hypersensitivity to vancomycin n=1
Didn’t have catheter (did have port ) n=10

[0 Were in the post engraftment stage n=6

[1 Failure to match the length of the block period n=1

\ 4

Analysed (n=39)

v

Analysed (n=33)

Figure 1. Trial Profile

Table 1. Demographic, clinical and laboratory characteristics of the
patients at the initiation of the study.

Variable Case control P value
Age(years) 44.11£14.23 41.97+13.37 0.2
Sex(male)n(%) 18(41.9%) 25(58.1%) 0.4
Sex(female)n(%) 15(51.7%) 14(48.3%) 0.4
BMI(Kg/m?) 24.31+0.9152 26.61+0.9450 0.0868
Type of disease
MM 17(51.51%) 15(38.46%)
HD 6(18.18%) 9(23.08%)
AML 3(9.09%) 18(20.51%)
ALL 4(12.12%) 3(7.69%) 0.086
NHD 2(6.06%) 3(7.69%)
GCT 1(3.03%) 0
AA 0 1(2.56%)
Type of Transplant
Autologous 28(84.85%) 26(66.66%) 0.08
Allogen 5(15.15%) 13(33.33%)
Blood type
O 13(41.9%) 11(3.06%)
A 9(29%) 11(3.06%) 0.5
B 8(25.8%) 10(27.8%)
AB 1(3.2%) 4(11.1%

No statistically significant differences were found
between the two groups in terms of demographic data
(age, sex), underlying type of disease, type of blood
group, and type of transplant. Data including type of
central venous catheter, date of catheter insertion, start
date of the block, peripheral blood culture, Catheter
culture, Day’s fever number, Number of days to receive
systemic antibiotic and their type, the number of days the
GCSF ainjection? received on neutropenic days, Duration
of hospitalization were collected to be compared between
the group. In the patients, the catheter placement and
volume of lumen were identical. Redness and infection

around the catheter were checked and reported by
nurses. During the study period 110 consecutive cases
were evaluated. 38 cases were excluded for ALT: 1 due
to Previous Hypersensitivity to vancomycin, 21 Didn’t
have catheter (did have port), 2 were prolonged
neutropenia (>10 days), 12 Were in the post engraftment
stage, 1 Error in patient placement in case and control
groups simultaneously, and 1 failure to match the length
of the block period. 72 patients were analyzed (Figure 1).
We included 72 HSCT patients with a newly inserted
jugular internal CVC. Each patient was obseveed for 21
days from new catheterization by pharmacists. A total of
1512 catheter-days were analyzed. 693 catheter-days in
the antibiotic group and 819 catheter days in the control
group. CRBSI developed in 6 patients (15.38%)in
control group but in antibiotic group, no case was
observed. CRBSIs rates per 1000 catheter-days were
0.1609 events in the antibiotic group versus 6.214 events
in the control group (p=0.0265). CRBSIs rates per 1000
was significantly lower (p=0.0265). BSI rates per 1000
catheter-days were 0.2744 events in the antibiotic group
versus 3.644 events in the control group (p=0.0073).

BSI occurred in 17 patients (43.59%) in control group
and 4 patients (12.12%). BSI s rate per 1000 catheter-
days was significantly lower (0.274 vs 3.644; p=0.0085).
Colonization catheter occurred in 1(3/03%) in 1 patient
in case group and 6 (15.38%) patients in control group
(p=0.115). In 3 cases , two culture of both blood and
catheter’s tip contained Staphylococcus epidermidis and
in 2 cases Pseudomonas were isolated. In one case
Staphylococcus epidermidis was isolated from catheter’s
tip and isolated E.coli from blood culture. we divided
case group to sub group.one group were blocked for 8
hours two lumens. Another group blocked for 24 hours
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one lumen. We observed two groups. BSI occurred in
4(25%) patient whom the dwell-time was shorter and the
one didn’t occurred BSI (p=0.0445). Duration of
hospitality in case group was s significantly lower than
control group (26.30+£0.6735 vs 31.17+1.216, p=0.001).
mortality didn’t occurred in case group but occurred in 4
patients in control group (p=0.1197), although the cause
of death was not CRBSI. The hospitalization days in
patients whom received systemic antibiotic and vancomycin
in case group was significantly lower than one? (135 vs
221, 95%CIl 1.147-1.673, RR=1.385,P=0.0001) and
systemic vancomycin (RR=2.162,1.007-4.673, P=0.0484).
The difference in catheter removal between two groups
didn’t reach statistical significance (p=0.245).

Catheter survival analysis

Cumulative infection-free catheter survival was
significantly higher in the antibiotic group compared
with the control group (log-rank statistic 4.924; p =
0.0265) that was comparable to the reported (log-rank
statistic 4.95; p=0.026)(36) (Table2&Figure 2). The
microorganism causing CRBSI, and BSI are displayed in
Table 3.

Table 2. Comparing catheter-related blood stream infections
variable case control pvalue

CRBSISs rate per

1000catheter-day Dl ol ey
ERIB i e 0L 02744 3.644 0.0073
catheters day
Catheter Colonization 3.03 6(15.38) 0.115
Duration of hospitality 26.30+£0.6735 31.17+1.216 0.001
Death 0 4 0.1197
Systemic antibiotic in 21- 135/693 201/819 0.0007
days(day)
Systemic vancomycin 9/693 23/819 0.0484
Systemic Gram-positive 19/693 60/819 <0.0001
Systemic Gram-negative 61/693 148/819 <0.0001
Catheter-removal 27.27 15.38 0.245
Fever(in 21 days) 37.03+£0.05108  37.22+0.07288 0.0411
Neutropenia_days 163/693 210/819 0.3692
WBC in engraftment-day 1774+2157 37469+3838 0.1908
Hb 9.530+0.2119 10.05+0.2409 0.1133
plt 3169742157 37469+3834 0.1908
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Figure 2. Comparing patients free of catheter-related blood stream
infections between the two groups

Table 3. Microorganism isolated in catheter-related blood stream
infection.

e s Both blood and
(Ciiiistiarts g catheter’s Tip

Blood culture
culture
culture

Type of MO

case  control  case control  case  control
Staphylococcus 5 0 0 0 0 0
aureus
Staphylococc'us 1 1 0 0 0 0
non-hemolytic
Bian .hleC(.)C? us 1 9 1 2 0 3
epidermidis
Escherichia coli 0 2 0 0 0 2
Acinetobacter 0 2 0 0 0 0
Klebsiella 0 1 0 0 0 0
Pseudomonas 0 2 0 5 0 0
aeruginosa

According to the study group, Kaplan- Meier curves
show survival on time to the first Episode of infection
(figure 3). In figure 4, patients free of bloodstream
infections between the two groups of the study were
compared.

1.0 -e- Control
n - Treated
m
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(s}

-
[5)
c 0.54
]
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o
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follow up(days)

Figure 3. Kaplan-Meier curves for the time to a first Episode of
infection according to study Group
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Figure 4. Comparing patients free of blood stream infections between
the two groups of study
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4. Discussion

in this study, vancomycin lock solution was introduced
as an option to prevent CRBSI in HSCT patients. This
study showed that an antimicrobial-lock solution
containing vancomycin- heparin reduces the rate of
CRBSIs and BSI. although vancomycin lock solution
reduced the incidence of catheter colonization, the
difference didn't reach statistical significance (p=0.115).
This result may be due to the limitation of sample size.
The optimal dwell time for ALT is unclear; however,
most clinical studies have proposed a minimum of 8§
hours per day, with targets of >12 per to achieve optimal
sterilization [23,24]. The study results showed that the
longer dwell time is more effective in reducing BSI
(P=0.0445). Bloodstream infection associated with the
central venous catheter (CVCs) can be attributed to four
primary sources: colonization from the skin, intraluminal
or hub contamination, secondary seeding from a
bloodstream infection, and, rarely, contamination of the
infusate.

The most common source of CVC-related infections is
the colonization of the intracutaneous and intravascular
portions of the catheter by microorganisms from the
patient's skin and occasionally the hands of the
healthcare worker (on insertion or as a result of
manipulation) [25-27]. Furthermore, many studies have
found a strong correlation between heavy skin
colonization and catheter colonization and subsequent
catheter-related infection, especially with short-term
intravascular devices [26,28-30]. Microorganisms gain
access to the catheter wound and migrate along the
catheter-subcutaneous tract into the fibrin sheath
surrounding intravascular catheters (31). The deposition
of biofilm on vascular catheters' external and internal
surfaces is thought to play an important role in
colonization. A combination of host factors produces the
biofilm (e.g., fibrinogen and fibrin) and microbial
products (e.g., glycocalyx or "slim"). Thus, it is not
surprising that common skin commensals such as
S.aureus and coagulase-negative staphylococci are often
isolated from colonized catheters and patients with
primary bloodstream infections. Intraluminal and/or hub
contamination is an essential source of bloodstream
infection in patients with centrally inserted CVCs that
are in place for more than two weeks or in patients with
surgically implanted devices [32-35]. We undertook this
study to determine whether the use of vancomycin-
heparin lock for HSCT patients with CVC could provide
an effective way to reduce complications such as
infection, duration of hospitalization, catheter
colonization, fever, treatment cost, morbidity, and
mortality. these complications limit their long-time use
in developing countries such as Iran, and we performed
vancomycin-heparin lock as a long-term and low-cost
alternative means of reducing the CRBSIs rate.
Moghaddas et al., in 2015, during a study for prevention

of hemodialysis catheter-related bloodstream infection,
used Trimethoprim/ Sulfamethoxazole lock. Their study
was conducted at HD wards of three hospitals. Forty-six
patients in the antibiotic group and 41 patients in the
control group were followed for six months. All dialyzed
patients by tunneled cuffed HD catheter three times a
week for four hours in each dialysis session were
included. After each HD session, the lumen of the
dialysis catheter was flushed by 10 ml of normal saline
solution and then was locked for the whole inter-dialytic
period. Their study showed a reduction of CRBSI rate
per 1000 catheter-days in the antibiotic group (0.58 vs.
4.4; p=0.002) [36]. In this study, the CRBSIs rate per
1000 catheter-days was 6.214 in the control group,
which is comparable to the reported rate of 6.8 events by
another epidemiologic research. The reported pooled
incidence of central line-associated BSI across 422 ICUs
in 36 countries in Latin America, Asia, Africa, and
Europe from 2004 to 2009 was substantially higher, 6.8
events per 1000 central line days [45]. Many of these
sites are resource-limited areas, and the high incidence is
related to a lack of official regulations regarding catheter
care. In the present study, the application of
vancomycin-heparin lock solution reduction in CRBSIs
rate and CRBSIs-free survival. Weijmer et al., during a
well-designed study in 2005, using a catheter-lock
solution containing trisodium citrate 30% as an
antimicrobial agent in 291 catheters (33.7% tunneled),
reported a 75% reduction in CRBSIs episodes [37]. In
this study, 72 catheters (newly inserted) resulted in an
82% reduction in BSIs episodes and a considerable
reduction in CRBSIs rate and CRBSIs-free survival.
OHoro JC in 2011 in a meta-analysis of five
observational studies and the randomized trial above, a
smaller proportion of patients treated with ALT plus
systemic antibiotics required catheter replacement (10
versus 33 percent with systemic antibiotics alone, odds
ratio 0.20, 95% CI 0.10-0.39) [39]. Andris et al
suggested the possibility of using various types of
antibiotics in antibiotic-lock technique in an in vitro
model of TPN catheter and found a significant reduction
in intraluminal bacterial colonization after several known
antibiotic installations [38]. Data on the efficacy of
antibiotic lock therapy are limited mainly to small
observational studies that are generally supportive of
ALT for catheter-related bloodstream infection (CRBSI)
in various patient populations (hemodialysis, total
parenteral nutrition, and oncology) [40]. The critical
point is that any reduction in CRBSI rate is associated
with less antibiotic exposure to patients. This study
showed the reduction of CRBSI, CC, BSI, thereby
decreasing the overall need for systemic antibiotics
(RR=1.385, %95 CI 1.147-1.673, p=0.0007).
Vancomycin combination with heparin has been
evaluated in several in vitro and clinical studies.
Compatibility with heparin has been consistently
demonstrated at vancomycin concentration <10 mg/ml.
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As previously described, vancomycin activity against
established biofilms is concentration dependent. In this
study Staphylococcus aureus and Staphylococcus
epidermidis were the most isolated microorganisms, and
vancomycin is a glycopeptide antibiotic and effective on
them.

In this study, there were no reported vancomycin-
resistant microorganisms, but low-level antibiotic
exposure may potentially increase the risk of resistance
[41,42].

However, we should weigh this concern against findings
that routine prophylactic use of ALT may reduce the
general rate of CRBSI, thereby decreasing the overall
need for systemic antibiotic therapy [43,44]. Many
antibiotics have been evaluated for clinical use, with the
largest body of data available for vancomycin and
gentamicin. To ensure optimal clinical outcomes with
ALT, clinicians should consider common technical
questions and logistical challenges in advance. These
include lock preparation procedures, additives (e.g.,
heparin, citrate, or EDTA), the timing of initiation and
therapy duration, dwell time and catheter accessibility,
and risks associated with ALT. This study suffers several
limitations. Although there were no adverse reactions
due to vancomycin toxicity, drug level monitoring to
identify systemic exposure to antibiotics was not carried
out in this study. The second limitation is the absence of
a control group. The control group in our study received
heparin with a low concentration based on a routine in
the BMT ward. Without a doubt, a multicenter design
would have enabled the inclusion of larger sample size
and lent more strength to the conclusion.

5. Conclusion

This study suggests that vancomycin-heparin lock is
highly effective in reducing CRBSIs incidence and
Catheter colonization, BSIs incidence among HSCT
patients with central vein catheter (CVC). Further studies
are required to determine the optimal drug regimen and
concentrations for vancomycin antibiotic lock technique.
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