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Abstract

Objective: Central line-associated bloodstream infection BSI) significant cause of morbidity and mortality in patients undergoing hematopoietic stem cell
transplantation (HSCT). Antimicrobial lock treat en utilized alongside systemic antibiotics, may be lifesaving when catheter removal (CR) is not feasible.
Materials and Methods: This retrospective stud he“elinical, laboratory, and microbiologic characteristics of CLABSI episodes of pediatric patients who
underwent HSCT and applied ALT.
Results: There were 137 cases of CLABS
Gram-negative bacteria, encountered in 8
successful in 77.4% of the patients (n=10
evaluated, post-transplantation ¢
and pediatric intensive care unit/@dmis re significantly more common in the “unsuccessful” ALT group. The patients in the unsuccessful group had higher C-reactive

ere given ALT. The median age was 48 (3-204) months. The most common causative microorganism was
. Forty-six patients (33.6%) had Gram-positive bacterial growth, whereas 6 had (4.4%) fungal infection. ALT was
required in 25 patients (18.2%). The CLABSI-related mortality rate was 12.4%. When the outcome of ALT was


mailto:manolya_kara@yahoo.com

protein [110.2 (1.10-323.5) mg/L] levels when compared to the successful ALT group [58 (0.2-450.3) mg/L] (p=0.029). The presence of h
transplantation, and persistent bacteremia/fungemia were independent risk factors for ALT failure.

Conclusion: ALT can be an effective catheter-saving strategy in HSCT pediatric patients. Nevertheless, patients should be monit
presence of certain risk factors should be taken into account.

LA-mismatch

during ALT, and the

Ozet
Amag: Kateter iliskili kan dolasimi enfeksiyonu (Ki-KDE), hematopoietik kok hiicre nakli (HKHN) 2
antibiyotiklerle birlikte kullanildiginda antimikrobiyal kilit tedavisi (AKT), kateterin ¢ikarilmasi (KC)
Materyal ve Yontemler: Bu retrospektif caligmada, HKHN geciren ve AKT uygulayan pediatrik ha
ozellikleri analiz edildi.
Bulgular: AKT verilen 137 Ki-KDE olgusunun (%63,5 erkek) ortanca yas1 48 (3-204) ayd1. En sik mikroorganizma, 85 hastada (%62) karsilagilan Gram negatif
bakterilerdi. Kirk alt1 hastada (%33,6) Gram pozitif bakteri iremesi vardi, 6 hastada (%4 4) is&'mantar onf yonu saptandi. AKT, hastalarin %77,4'tinde (n=106) basarilrydi.
25 hastada (%18,2) KC gerekli oldu. Ki-KDE ile iliskili 6liim oran1 %12,4'tii. AKT'ni e i i
kalict bakteriyemi/fungemi, rekiirren HKHN, uygunsuz ampirik antibiyotik kullani ¢ pediatrik yogun bakim iinitesine yatis "basarisiz" AKT grubunda
onemli 6l¢iide daha yaygindi. Basarisiz gruptaki hastalarin C-reaktif protein [110,2 (. mg/l| seviyeleri, basarili AKT grubuyla [58 (0,2-450,3) mg/L]
kargilastirildiginda daha yiiksek bulundu (p=0,029). Hipotansiyon, HLA uyumsu, i ersistan bakteriyemi/fungemi varligi, AKT basarisizligi igin bagimsiz risk
faktorleriydi.
Sonu¢: AKT, pediatrik HKHN hastalarida etkili bir kateter kurtarma stratejisi ilir. unla birlikte, hastalar AKT sirasinda ¢ok yakindan izlenmeli ve belirli risk
faktorlerinin varlig1 dikkate alinmalidir.
Anahtar sozciikler: Kateter iliskili kan dolagim1 enfeksiyonu, pediati

orbidite ve mortalite nedenidir. Sistemik
hayat kurtarici olabilir.

Introduction
Central line-associated bloodstream infection (CLABSI) is a si
BSI with a rate of 12-25% increase in mortality [1-3].

CLABSI occurs when microorganisms form a biofilm lag@riinsi entral catheter [4]. Overgrowing bacteria then enter the bloodstream and cause bloodstream infection.
The intravenous antibiotic application cannot permang i bacteria that adhere tightly to the central line (CL). Catheter removal (CR) is rational in that case.
However, the CL is critical for several reasons, s tion of chemotherapy, transfusion, parenteral nutrition, etc, especially in young children where vascular
access is problematic [5].
Antimicrobial lock treatment (ALT), the appli y imicrobial solution at high concentrations into the lumen of the CL for some time, is recommended to combat
CLABSIs [6]. When utilized alongside s S
cost-effectiveness, and the capacity to p oses of effective antibiotics with minimal risk of systemic toxicity and resistance constitute some of the advantages of
ALT [7]. On the other hand, it is alsg po LT may raise physicians' thresholds for catheter withdrawal, resulting in prolonged treatment time or increased catheter-
related complications (such as s



Very few publications show the efficacy of ALT in pediatric oncology patients [8-12]. Data regarding the HSCT population, a particularly up where infection
control may be compromised rapidly, is even rarer [13]. The objective of the present study was to evaluate the characteristics and outcome ong pediatric HSCT
patients with CLABSIs.

Materials and Methods

Study design

This study was conducted at a pediatric tertiary HSCT center in Istanbul, Turkey, between June 2018 and June 2022. The
and the patients who received ALT were included in the study. The medical records of the patients were evaluated retrospec

of HSCT patients were analyzed

D), CL-specific details, clinical and
laboratory parameters at the onset of CLABSI, the course of the infection, components of antimicrobial treatmentg(sy d ALT; the agent, dose, and duration) and the
outcome were all documented.
To analyze the ALT-related adverse effects, complications such as bleeding, occlusion of the cathete clated toxicity symptoms were also investigated.
Approval for the study was obtained from the Clinical Research Ethical Committee. Because of the stud ive'nature, no informed consent was taken.

Clinical Setting & Central Line Procedure

Our facility comprises a 32-bed Hematology-Oncology and Pediatric HSCT unit that serves as a refe for auto and allo-HSCT in Turkey. Since 2015, around 100
transplants have been performed each year. All allogeneic HSCT recipients are placed in single roo air exchanges per hour and high-efficiency (>99%) particulate
air (HEPA) filters capable of eliminating particles larger than 0.3 m in diameter. One nurse is three transplant beds.

Preferably, the pediatric surgeon inserts double-lumen tunneled Hickman catheters routinel gtive conditions in the operating room before the HSCT protocol.
Standard practices for catheter care include bathing every other day and cleaning the' i hlorhexidine after every shower, followed by a suitable dressing

change. When the catheter is not in use, a heparin lock (50 U in 5 mL heparinized s
Definitions

According to the National Healthcare Safety Network (NHSN) of the Centers
with a CL and the isolation of a recognized pathogen with associated fever (>
separate occasions if a common skin contaminant was isolated, were accepte

ension, and chills, on at least one blood culture or two or more blood cultures on
[14]. The growth of an organism in culture drawn from any catheter lumen (as a

5 ¢ were excluded from the study.

fier 72 hours of treatment was the criterion. Persistent bacteremia/fungemia (after 72 hours of
‘Relapse” was defined as the growth of the same pathogen in blood culture within three
months.

Microbial identification
Patients with suspected CLABSI had paired blood cultu ined from the CVC (from each lumen of the catheter, in the presence of multiple lumens) and

the differential time to positive, which states that
before a culture of peripheral blood of equal vol
manufacturer's recommendations, the bacteri
Samples from blood culture bottles with
overnight incubation, samples were obt
diagnostic and antibiotic susceptibili
Diagnostics Sparks, MD, USA)
Management of the patients.

rawn simultaneously. Catheter tip culture was also performed in the case of catheter removal. Following the
as performed using the BACT/ALERT® Blood Culture System (BIOMERIEUX, Durham, USA).

e purely grown microorganism colonies in the media, and pre-diagnostic procedures were completed. Advanced
iated depending on the Gram stain, catalase, and oxidase test results. BD Phoenix TM Automated Microbiology (BD
to the manufacturer's recommendations.



ctam, cefepime, or

In the HSCT unit, the antimicrobial treatment protocol in the suspicion of CLABSI included a systemic antipseudomonal antibiotic (pipera

of the CLABSI pathogen. Bacteremia/fungemia is monitored by collecting blood cultures every other day.
Catheter removal is applied for patients with hemodynamic instability, persistent bacteremia, and non-improving clinical co
removal, the catheter tip is sent for culture analysis.

was selected. Before ALT, the fill volume was calculated first. This was accomplished by flushing the line w1th norg

was visible at the syringe tip. The amount to be administered was completed to the fill volume, ensuring the antibig '
11, 12]

4 days for coagulase negative Staphylococcus

cultures were taken. All patients were followed

for at least three months after the CLABSI episode.

Statistical analysis

fegorical data. For variables not distributed normally, the

’ ortality by univariate analysis were chosen. Variables with a
P <.05 in univariate analysis were chosen to perform a logistic regression analysis to estimate pey ent risk factors for unsuccessful ALT treatment.

Results
During the study period, 207 pediatric patients experienced CLABSIs, an incidence /100
antibiotics.

Patient characteristics:

Of 137 patients, 87 (63.5%) were male. The median age was 48 (3-204) months, The undérlying illnesses were thalassemia major [n=36, (26.3%)], acute lymphocytic
leukemia [ALL; n=25, (18.2%)], severe combined immune deficiency [S ; (1641%)], aplastic anemia [n=18, (13.1%)], acute myeloid leukemia [AML; n=6, (4.4%)]
and others [n=30; (21.9%)].

Auto-HSCT was performed in 19 (13.9%) patients, and full-matched
performed in 118 patients. Twenty-eight (20.4%) patients had s
Ninety (65.7%) patients had neutropenia with a median time
transplantation cyclophosphamide (PTCy) use was encoun

er days. A total of 137 patients were given ALT together with systemic

8, %49,6), mismatch (n=35, %25,5), and haploidentical donor (n=15, %10,9) was

t the onset of infectious episodes. Thirty-four patients (24.8%) had GvHD. Post-
(34.3%) patients.

CLABSI episode
The median duration from CL insertion to the day of infect DOI) was 25 (3-252) days. The CL preference was Hickman in all patients. The most common causative
microorganism was Gram-negative (GN) bacteri e 85 patients (62%). Forty-six patients (33.6%) had Gram-positive (GP) bacterial growth, whereas 6 had

fungal infection (4.4%).
The median time of parenteral antibiotic use
antimicrobial regimen for lock therapy i

5.1%), liposomal amphotericin B (LAM
Microbiologic distribution and ALT rea
ALT was successful in 77.4% o
and persistent hypotension (n:
displacement (n=2), occlusion

fo 4 (2-11) days. Fifty-six patients (40.9%) had prior inappropriate empirical systemic antibiotic use. The

m (n=57, 41.7%), teicoplanin (n=27, 20.4%), vancomycin (n=13, 9.5%), colistin (n=13, 9.5%), ciprofloxacin (n=7,
%), tigecycline (n=5, 3.6%), linezolid (n=4, 2.9%), ceftazidime (n=4, 2.9%) and amikacin (n=1, 0.7%).

tailed in Table 2.

6). CR was required in 25 patients (18.2%) due to persistent bacteremia/fungemia (n=18), unexplained tachycardia (n=2),
ian CR day was 3 (3-5) days. Six patients had relapse within three months. Adverse events that occurred during ALT were catheter
tethering (n=1).




Comparison of CLABSI episodes according to ALT success

When the outcome of ALT was evaluated, there was no significant difference regarding the median age, gender, primary disease, prese
between the ALT successful and unsuccessful groups (Table 3).
PTCy use, fungal growth persistent bacterem1a/fungem1a second HSCT, 1nappr0prlate emp1r1ca1 ant1b10t1c use, hypotension, and edlatrl tensive care unit (PICU)

P [median 110.2, range (1.10-

( of neutropenia

match was significantly more common among the successful ALT group, whereas mismatch was significantly highg ssful ALT group. The presence of
hypotension, HLA-mismatch transplantation, and persistent bacteremia/fungemia were independent risk factors fg
Outcome

Twenty-four patients (17.5%) were admitted to the PICU, and 21 patients (15.3%) were given inotrog n 17 (12.4%) patients due to septic shock (n=7),

the diagnoses of mortality cases was aplastic

microorganisms were K. pneumonia (n=11), A. baumanii (n=1), S. maucibalis (n=1), S. maltophilia auseus (n=1), S ep1derm1dls (n=1) and C. alblcans (n=1). The

relapse rate within three months was 5.8%.

Discussion

Antimicrobial lock therapy, when used with systemic antibiotics, is an effective strategy to ABSIs and salvage catheters. Although guidelines favor ALT,
standardized prescriptions are lacking, particularly for children who underwent HS he decision to use ALT rather than CR is critical and mainly depends
on the clinician's preference for this group of high-risk patients. Supporting this, bei eumasreW transplant recipient and having neutropenia were identified as risk

factors associated with CR among children with varied illnesses [17, 18]. This st
limited literature resources.

The CLABSI incidence was 3.7/1000 catheter days in the present study. Th1s
However, the most prevalent microorganisms varied between these two
causative agent in that study was methicillin-resistant coagulase negati
dominated in recent years [19,20]. Nonetheless, it is noteworthy that
nations with limited resources [19-22].
In the present study, the successful ALT rate was 77.4%, whi i ge of previously reported (46%-86.6%) [8-10,13, 23]. These studies show variety in terms of
diagnoses, catheter subtypes, ALT regimens or causative isms. Similar to our study, Kurtipek et al. [23] reported a 75% success rate for ALT in their study, which
included 182 pediatric patients with acute leukemia. In a
group, significantly higher than in patients without A
the systemic antibiotic alone. In Tsai et al.'s [11]
(78.3%) was greater than that of CoNS (58.6%).
failure [11]. In a national study by Asrak et

r to the in the previously mentioned study which was 4.2/1000 catheter days [8].
ent study, GN bacteria, mainly K. pneumonia, predominated. The most common
s (MR-CoNS) [8]. It has been noted that GP cocci, members of skin flora, have

en reported in increased frequencies among children with malignancies, particularly in

nd PTCy use were significantly more common among the patients with unsuccessful ALT. This appears to be linked to
HSCT failure, resulting in extended imm ion, hospitalization, and complications. According to recent research, PTCy was linked to higher rates of bacterial
infections, regardless of the don e, bacterial infections were associated with increased mortality rates [26].

On the other hand, Wolf et al at they were unable to find any advantage of using adjunctive ALT in pediatric oncology patients with CLABSIs. This is because
the treatment failure rate was similar in both’groups, i.e. the group that received only systemic treatment (ST, 38.4%) and the group that received ALT in addition to ST



ands in contrast to the
as defined as CR or
252 days. These

s was significantly more

(50%). Patients who received ALT had delayed CR and relapse of infection, resulting in later treatment failure. This study holds immense
opposing view presented in literature. The definition of treatment failure used in the study design is different from ours. In the study, tre

common in the only ST group.
Guidelines recommend CR in the presence of S. aureus, P. aeruginosa, and fungemia [4,6]. However, inserting a new CL o, and the replacement significantly

The literature contains very limited data on antifungal lock treatment [28-31]. In in-vivo studies with
combination), the therapeutic success rate varies between 17% and 100% [29-31]. In these studies, ad
vary significantly. Although ethanol-based lock solutions showed the highest activity, they were fo
such as clotting, dizziness, protein precipitation, and compromised catheter integrity [29, 32]. We op
potential risk of systemic circulation of heparin after application in small infants is a crucial concern
formation of S. aureus biofilm, although this claim is not universally agreed upon [33]. In o
produced an overall safe treatment profile.
The therapeutic success of L-AMB, reaching 83%, has also been reported in case s 9 agnola et al. [34] reported a successful antifungal lock therapy experience
related to C. parapsilosis CLABSI in an infant with L-AMB. Systemic antifungal tre t alSop ed L-AMB for 14 days. Paul DiMondi et al [35] applied L-AMB lock
therapy for C. albicans and succeeded in a 64-year-old female patient. However, ed micafungin as a parenteral agent. For our cases, we administered L-AMB both
parenteral and as lock therapy.

Strengths and limitations of the study

It is important to acknowledge that our study has limitations as it is retrosp
the clinician's judgment, as there are no clear guidelines in the literatug
patient group, such as pediatric HSCT, the high number of cases, and
Conclusion
To summarize, ALT can be an effective catheter-saving strate atric patients. Nevertheless, patients should be monitored very closely during ALT, and the
presence of certain risk factors should be considered. We t, the results of this investigation will contribute to the architecture of further studies.

Conflict of Interest: No conflict of interest was declare the au .
Financial Disclosure: The authors declared that this study received no financial support. None of the authors has any potential financial conflict of interest related to this
manuscript.

. As with other studies on this topic, the preference and procedure of ALT rely on
nd, the current study has many strengths, such as the fact that it includes a special
a broad perspective regarding microorganism diversity and antimicrobial drug experience.
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Table-1. Antimicrobial regimens used for antimicrobial loc

Antimicrobial agent Antimicrobial concentration Dwell time (hr)
concentration
(mg/mL)

Vancomycin 5 2500 72

Teicoplanin 2 100 72

Meropenem 100 48




Colistin 15 100 48
Ceftazidime 10 2500 48
Ciprofloxacin 5 2500 48
Liposomal Amphotericin-B 5 100 12
Linezolid 4 5000 48
Tigecycline 10 100 48
Amikacin 5 5000

N




Table-2. Microbiologic distribution and characteristics of ALT treatment

Microorganism n Antibiotic use Antimicrobial drug (n) Successful | The duration Mortality, | Relapse,
before ALT, d, ALT, n of ALT, d, n n
median (range) median

(range)

Gram-positive bacteria (n=46) VAN TEICO LZD TIG

S. aureus 11 4 (2-8) 13 1 9 (5-13) 1 -

S. epidermidis 16 3(2-7) 4 1 2 7 (4-12) 1 2

S. haemolyticus 7 4 (3-6) 3 5 1 7 (5-18) - 1

C.indigelanous 4 3(2-4) 4 4 - 8 (5-10) - -

E. faecium 3 5(3-6) 2 3 - 10 (7-13) - -

S. capitis 2 34 - 2 - 10, 14 - -

S. immitis 1 3 - 1 - 12 - -

K. varians 1 2 - 1 - 10 - -

M.luteus 1 4 - 1 - 7 - -

Gram-negative bacteria (n=85) MPM

K.pneumonia 31 4 (2-9) 20 20 8 10 (2-21) 11 3

A. baumani 10 | 4(3-8) 7 7 3 7 (14-11) -

E.coli 9 3(2-5) 8 9 - 10 (6-21) - -

P. aeuriginosa 8 4. (2-7) 7 7 1 10 (5-17) - -

S. maucibalis 7 3(2-4) 5 7 10 (5-15) 1 -

A. dentrificans 4 4 (3-6) 3 4 1 11 (7-14) - -

S. maltophilia 3 3(2-4) - - 2 10 (5-15) 1 -

B. dimunata 2 3,4 1 2 - 7,10 - -

E. cloacae 2 2,3 1 - - 2 - 5,14 - -

O. antropi 2 33 2 - - - 2 - 7,9 - -

E. meningoseptica 1 3 - - - - 1 11 - -

A. junii 1 2 - - - 1 - 10 - -

P. florascens 1 2 - - - 1 - 9 -

A. ursinhi 1 2 1 - - 1 - 4 - -

S. marcescens 1 3 - - - - 1 10 - -

A.hidrophilia 1 3 1 - - 1 - 9 - -

P.putida 1 2 - - 1 1 - 7 - -

Fungi (n=6) -AMB




C. albicans 4 52-7) 4 1
C. parapsilosis 1 2 1 1
C. dubliniensis 1 4 1 -

The information that is presented was adjusted from references 6,7,11,12.
ALT; antimicrobial lock therapy, AMK; amikacine, CEF; ceftazidime, CIP; ciprofloxacine, CR; catheter removal, COL; colistine, LZ
numbers under 'Antimicrobial drug (n)' indicate the number of treatments administered.

Table-3. Comparison of CLABSI episodes according to ALT success

Variables Successful ALT (n=106)

Age, mo, median (range) 48 (5-204)

Gender, male, n(%) 66 (62.3%) )
Post-transplantation Cy use, n(%) 29 (27.4%) 0.002
Microorganism, n(%)

Gram-negative bacteria 64 (60.4%) 0.45
Gram-positive bacteria 40 (37.7%) 0.057
Fungi 2 (1.9%) 0.008
Persistent bacteremia/fungemia, n(%) 5 (4.7%) <0.001
Second HSCT, n(%) 17 (16%) 0.018
Inappropriate empirical antibiotherapy, n(%) 32 (30.2%) (77.4%) <0.001
Hypotension, n(%) 8 (7.5) 13 (41.9%) <0.001
Catheter lumen number

Double lumen 94 (88.7%) 4 (12.9%) <0.001
Triple lumen 4 (12.9%) 0.16
White blood cell count, cells/mm?’, median (range) 100 (10-15090) 0.64
C-reactive protein, mg/L, median (range) 110.2 (1.10-323.5) 0.029
Procalcitonin, ng/mL, median (range) 0.09 (0.01-13.7) 0.89
PICU admission, n(%) 11 (35.5%) 0.003
HLA match, n(%)

Full-matched 11 (35.5%) 0.07
Mismatch 14 (45.2%) 0.004
Haploidentical (14.2%) 0 0.017
Autologous 13 (12.3%) 6 (19.4%) 0.34
ALT; antimicrobial lock therapy, CLABSE central'line associated blood stream infection, Cy; cyclophosphamide, HLA; human
leukocyte antigen, HSCT; he ic S transplant, PICU; pediatric intensive care unit




Table-4:Independent risk factors for ALT failure

Variable p-value Adjusted OR (%95Cl)
Presence of hypotension 0.010 7,73 (1,63-36,51)
Mismatched HSCT 0.022 4,23 (1,39-23,61)
Persistent bacteremia/fungemi <0.001 17,2 (1,6-134,5)

ALT,; antimicrobial lock therapy, CI; confidence interval, OR; odds ratio

N





