QANUN MEDIKA Vol 8 | No2 July 2024
_DOI: 10.30651/jqm.v8i02.20376

¥

ey

JURNAL KEDOKTERAN Ff

JURNAL 22N
KEDOKTERAN Qe

LITERATURE REVIEW

Acute Kidney injury induced by beta-lactam antibiotics in children:

A scoping review

Astalitha Lorel Tania', Alya Ayu Tazkia”

1) Aisyiyah Hospital Bojonegoro
2) RSUD 45 Kuningan

ARTICLE INFO

Submitted : 14" October 2023
Accepted  : 30™ March 2024
Published  : 25" July 2024

Keywords:

Acute Kidney Injury, Children,
Beta-lactam, Antibiotics

*Correspondence:

lastalitha@gmail.com

This is an Open acces article un-
der the CC-BY license

OMON

ABSTRACT

Antibiotics are the agents that cause Acute Kidney
Injuries (AKI) in children. A recent study has shown
the incidence of nephrotoxicity by antibiotics reaches
16% in children. Beta-lactam types are not widely
known for their nephrotoxic effect. This study aims
to examine beta-lactam antibiotics’ role in inducing
children’s renal failure. This search for a scoping review
on the effect of beta-lactam antibiotics in children was
carried out in December-January 2022-2023. We used
some search engines with the year of publication 2012-
2022 then extracted. The keyword combinations used
are: “beta-lactams” OR “B-lactams” AND “acute renal
failure” OR “acute renal injury” OR “nephrotoxic” OR
“nephrotoxicity” AND “children” OR “pediatric” OR
“neonate” NOT “adult”. Studies were excluded if the:
(1) adult; (i1) were a review, systematic review, or meta-
analysis; (ii1) written in a language other than English;
(iv) not available in full text; (v) have kidney disease
before (vi) in vitro or in vivo. The article selection process
was based on PRISMA-ScR. From 4032 articles that met
the search criteria, 3 studies met the inclusion criteria.
The result shows that beta-lactam increases the risk of
acute renal injury in children. This review emphasizes
the importance of choosing kidney-safe antibiotics for
children.
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INTRODUCTION

Children and neonates have complex and
unique physiological processes. Kidneys play
an important role in regulating blood pressure,
fluid, electrolyte balance, and excretion
of metabolite by-products (Sulemanji &
Vakili, 2013). Nephrogenesis, where the
formation of nephrons occurs, is a process
that transforms metanephric mesenchyme to
the epithelium and involves a complex series
of steps, which starts within 6 to 10 weeks
after fertilization and completes by 36 weeks
(Seely, 2017). Nephrogenesis proceeds from
the deep to the outer cortex, and it is directed
by a second, entirely different developmental
process, the ductal branching of ureteric buds
(Horster, Braun, & Huber, 1999). The study
has shown that neonatal kidneys can maintain
the capability to generate new nephrons until
four days after birth (Kirita et al., 2016).
Preterm neonates, who have incomplete
nephrogenesis, have lower renal mass at birth
(Black et al., 2013).

Pediatric patients are susceptible to bacterial
infections and may require treatment with
antibiotics. Beta-lactam antibiotics are
commonly used in the population due to their
broad-spectrum activity and favorable safety
profile. Beta-lactam antibiotics have been
associated with nephrotoxicity in children,
often characterized by acute interstitial
nephritis (Hammond et al, 2017). The
mechanisms of beta-lactam nephrotoxicity
in children include transport into the tubular
cell through the anti-luminal organic anion
secretory carrier, acylation of target proteins,
and inhibition of renal enzymes (Tune, 1997,
Tune & Hsu, 1990). Beta-lactam antibiotics
including penicillin, cephalosporins, and
carbapenems have several structure-related
compounds (Tune & Hsu, 1990). Where
cephalosporins and carbapenems have been
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linked to nephrotoxicity(Patzer, 2008) and the
concurrent administration of antipseudomonal
beta-lactams with vancomycin has been found
to increase the risk of acute kidney injury
(AKI) (Bellos, Karageorgiou, Pergialiotis,
& Perrea, 2020). However, there are several
studies (Clifford et al., 2022) and (Rutter, Cox,
Martin, Burgess, & Burgess, 2017) have shown
that there is no evidence that a combination
of piperacillin and tazobactam (PTZ) has a
risk of nephrotoxicity and the combination
of vancomycin and PTZ increases the rate of
AKI (Rutter et al., 2017). Therefore, the use
of beta-lactam antibiotics has been associated
with nephrotoxicity, potentially serious adverse
effects on the kidneys. Nephrotoxicity can lead
to acute kidney injury, chronic kidney disease,
also end-stage renal disease, which may
significantly impact the long-term health and
quality of life of affected individuals.

Ensuringsufficienttrough plasmaconcentrations
for broad-spectrum beta-lactams is essential
when prescribing these classes for empirical
or selective treatment of bacterial infections in
children (André et al., 2022). AKI is a type of
kidney injury that occurs due to the sudden loss
of kidney function. It can lead to a reduction
in the glomerular filtration rate (Brummer &
Brophy, 2023). Adopting the Kidney Disease
Improving Global Outcomes (KDIGO) criteria
has decreased AKI incidence and mortality
rates among pediatric patients (Brummer &
Brophy, 2023). AKI in children and neonates
is caused by multifactorial problems, but it is
commonly divided into three categories; pre-
renal, renal, and post-renal. Exposure to certain
medications may contribute to pre-renal AKI.
Antibiotics contribute to developing renal AKI
because they induce Acute Tubular Necrosis
(ATN). A recent study said that 18 - 70% of
the epidemiology of AKI in the Neonatal
Intensive Care Unit (NICU) is 18-70% based
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on the studied on dependent on the studied
population(Hanna et al., 2016). Based on (Al-
Jebawi, Karalic, Shekhawat, & Mhanna, 2022)
very low birth weight is a higher risk factor for
having AKI, especially for those who receive
antibiotics meropenem and vancomycin single
use.

The number of cases of AKI in children has
increased globally. According to a meta-analysis
conducted worldwide, the incidence of AKI was
estimated to be around 33.7% (Cleto-Yamane,
Gomes, Suassuna, & Nogueira, 2019). In one
study, the overall AKI incidence was reported
to be 10.8%, while in another, the incidence
of 9.7% was observed in a single center in
Malawi (Bhojani et al., 2020; Bjornstad et al.,
2020). Given the potential consequences of
nephrotoxicity from beta-lactam antibiotics in
pediatric patients, it is important to understand
the current state of knowledge on this topic.
This scoping review explores the current
understanding of nephrotoxicity from beta-

lactam antibiotics in children and neonates.
In addition, the review will examine the
impact of nephrotoxicity on long-term renal
function and quality of life in pediatric patients
receiving beta-lactam antibiotics. The results
of this scoping review will provide valuable
information for healthcare providers, patients,
and families and inform future research
directions to enhance the safe use of beta-
lactam antibiotics in pediatric patients.

LITERATURE REVIEW
Method and Result

A. Identification of relevant studies

The medical literature review was carried out
on PubMed, Google Scholar, EuropePMC,
Cochrane, SpringerLink, and Science Direct
databases using the Boolean search (beta-
lactams OR B-lactams) AND (acute renal failure
OR acute renal injury OR nephrotoxic OR
nephrotoxicity) AND (children OR pediatric

Identification of new studies via databases and registers

Records removed before screening:
Duplicate records (n =2,489)

Identification

Records identified from:
Databases (n = 4,032)

Records marked as ineligible by automation
tools (n =1,848)

Records removed for other reasons (n =
423)

Records screened
(n=728)

Records excluded
(n =699)

-

Reports sought for retrieval
(n=29)

-

Reports not retrieved
(n=14)

Screening

Reports excluded:
Have kidney disease before (n = 3)

‘ Reports assessed for eligibility
5)

(n=15)

Adult (n= 1)
Journal review (n= 3)
Irrelevant result (n = 3)

Not full access journal (n = 1)
Non beta-lactams antibiotic (n= 1)

(n=3)

Included

n-3)

New studies included in review

Reports of new included studies

Figure 1. PRISMA Flowchart (Tricco et al., 2018)
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OR neonate) NOT (adult). The limits applied
to refer to the language (English) and years
(2012 to 2022) of the articles of publication.

B. Study selection and eligibility criteria

For the analysis, all studies were selected
independently by two researchers evaluating
acute renal injury in pediatric patients caused
by beta-lactam. All processes were performed
according to the PRISMA statement (Preferred
Reporting Items Systematic Reviews and
Meta-Analyses), as shown in the flow chart
(Fig.1)

The selection process for the articles in this
scoping review uses a screening method
with predefined inclusion and exclusion
criteria. The inclusion criteria of this study
are; a) journal articles in English; b) journal
articles in the type of original articles or
research articles; ¢) the research method used
in the selected articles is RCT; d) journal
articles between 2012-2022; e) in terms of
intervention, the study involved intervention
using the antibiotic beta-lactam only. Articles
were excluded if studies (i) adult; (ii) were a
review, systematic review, or meta-analysis;
(iii1) written in a language other than English;
(iv) not available in full text; (v) have kidney
disease before (vi) in vitro or in vivo.

C. Data Extraction

The data extraction process in the final
reference of this study was carried out
individually by two researchers. The results
of data extraction will be carried out through
comprehensive data mapping in Microsoft
Office Excel software (Table 1). The mapping
process is needed to facilitate the stages of
reading all variables from the final reference
in this study.

The initial search process is carried out
using keywords that have been entered into
scientific search engines such as PubMed,
Google Scholar, EuropePMC, Cochrane,
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SpringerLink, and ScienceDirect. In the initial
search process for article journals, a total of
4032 journal references were obtained. Then
the identification process is continued by
eliminating duplicate references obtained from
different scientific search engines. This stage is
followed by two screening phases, phase one
and phase two. In the first phase of screening,
namely, screening based ontitles and abstracts on
journal identities, 4017 journals were excluded
due to topics that did not meet the established
exclusion criteria. Then in the second phase of
screening, 12 journals were excluded due to
the non-fulfillment of the inclusion criteria that
had been set. So that the final references for 3
journals will be extracted for the next step.

DISCUSSION

Several studies discussed the effect of acute
kidney injury (AKI), which focuses on the
antibiotic  beta-lactam. Despite this, the
discussion of beta-lactam causing AKI is still
debatable. The most common uses of Beta-
Lactamare ceftriaxone, piperacillin/tazobactam,
cefepime and meropenem (Tang Girdwood et
al., 2022). This can be characterized by several
markers in the study. Antibiotics are the leading
problem risk factor of AKI in children where
the underdeveloped nephron causes AKI itself,
especially in children who have a very low birth
rate.

Based on (Shen et al., 2014) ages 5 months
to 11 years who received ceftriaxone 1 gr for
5 days had oliguria and 10 days had anuria;
all specimens were collected and analyzed by
infrared spectrum, with results demonstrating
that the main composition was ceftriaxone
calcium. Supported by research conducted
consecutively, ceftriaxone and calcium lead to
disturbance reabsorption in the renal tubule,
increasing calcium excretion in the urine (Shen
et al., 2014). Also, in the case-control study,
cephalosporin 3rd ceftazidime, the same as
ceftriaxone, was associated with a chance risk
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of acute kidney injury in preterm(Cataldi et al.,
2005). Another Cephalosporins group in 4th
generation cefepime in the case reported >60
mg/dL after discontinuation and a concentration
of 80 mg/L when experiencing neurotoxic
symptoms (Hambrick et al., 2022). Therefore,
the cephalosporin group has a high risk of
nephrotoxicity in children.

In another conducted research by (Li et al.,
2014) ceftriaxone can lead to crystallization
in the urine where it adheres to tubular cells.
It showed children had a history of consuming
ceftriaxone for 5.2 days. These doses are 70
to 100 mg/kg/day, after 24 hours, the patient
has onset anuria, flank pain, and vomiting.
Other findings in ultrasonographic findings
lead to hydronephrosis. Ceftriaxone-induced
nephrolithiasis in congenital ureteropelvic
junction obstruction has been reported (Dursun,
Otunctemur, & Ozbek, 2013). (Stojanovic
& Djuric Vijatov, 2009) demonstrated that
with a given high dose ceftriaxone interacts
with calcium to form crystals where it can be
detected by ultrasonography. Other studies
showed similarities with ceftriaxone associated
with nephrolithiasis in 51 children (Avci et
al., 2004) treated with 100/mg/kg/day and
others given 50mg/kg/day intramuscular. Each
underwent USG before and after ceftriaxone
and also calculated with calcium oxalate,
citrate, cystine, and uric acid where the result
showed nephrolithiasis developed after 6.75
days with significant differences between the
two groups.

However, penicillin is found to be rare for
renal toxicity (Patzer, 2008). Retrospective
review, comparing the beta-lactam group
between meropenem, flucloxacillin, and
piperacillin there was no difference in
nephrotoxicity between groups. The Cmin
between piperacillin and meropenem was high
P<0.01 (Imani, Buscher, Marriott, Gentili,
& Sandaradura, 2017) (8). Based on (Joyce,
Kane-Gill, Priyanka, Fuhrman, & Kellum,

2019) parenteral and enteral were included
in this research. It is shown in combination
with piperacillin/tazobactam compared to
other antibiotics vancomycin and cefepime
and single cefepime, TZP has a higher risk of
having AKI compared to other combinations
of vancomycin and cefepime. Conversely,
cefepime was not associated with AKI.

Retrospectively, research showed that beta-
lactam antibiotics (Shabaan et al., 2017) were
meropenem given to children in conventional
and prolonged children in Egypt. Infants
less than 28 days and has late-onset sepsis
>72 hours. The risk of AKI in children after
being given the meropenem treatment was
more significant in conventional compared
to infusion. (Jenkins et al.) reported a chat
continuous group was given infusion with
Klebsiella pneumoniae, which improved
the eradication of infection and significantly
lowered AKI compared to other adverse events.
Based on (Cies, Ii, Shankar, & Chopra, 2014),
antibiotics given to pediatric intensive care
units between beta-lactam and vancomycin are
not significantly different within an area under
the curve (AUC) 15 mcg/mL; both antibiotics
also receive vasoactive medications. Using
GFR as estimated, it is shown that meropenem
gives a low risk accumulation to children who
have critically ill children. The meropenem and
ertapenem are not hydrolysed by renal enzyme
dehydropeptidase-1 (DHP-1), where it means it
is safe to avoid nephrotoxicity (Linden, 2007).

However, some studies of beta-lactam
monotherapy intend to have arisk of renal injury
compared to a combination of beta-lactam and
aminoglycoside. These studies showed that
170 pediatrics received antimicrobial therapy
(19.3%) and developed AKI with combination
therapy 135 (25.1%) compared with
monotherapy 35 (10.2%). Despite this, there is
some resistance among bacteria that need to be
prescribed at least 1 type of antibiotic (Tamma
etal., 2013).
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Table 1. Characteristics of the included study

LiN, Zhou X, et al
(2014)(Li et al., 2014)

days and that of
oliguria in three
(20.0 %) patients
for 20 h-10 days.
All of them were

diagnosed with
postrenal AKI
resulting from
ceftriaxone-
induced urolithiasis
and underwent
hospitalization.

A retrospective
study looked at 31
cases between 2003
and 2012 where
children developed
post-acute
failure

renal
(PARF)
after being treated
with  ceftriaxone.
None of these kids
had a history of
kidney stones or
kidney problem.

unilateral double-J
insertion combined
with
percutaneous

nephrostomy and
another did open

contralateral

surgery

On average, the
kidney issues
occurred about 5.2
days after starting
ceftriaxone

180

Author Population Intervention Result
Shen Xi, et al Fifteen cases Patients were Different
(2014)(Shen et al., 2014) including 12 males admitted to treatments  were
and 3 females were emergency used in fifteen
admitted to the hospitalization and pediatric patients
study from July did the surgery. with ceftriaxone-
2008 to July 2013. Nine patients  induced
Their mean age of performed double-J urolithiasis. Most
them was (4.76 + stenting with  kids with sand-like
3.74) years. A cystoscopy, and stones got better on
complaint of anuria  four patients  their own, but just
was presented in 12 ureteroscopy. one needed more
(80.0 %) patients Meanwhile, one treatment. The
for 13 hours to 4 patient did kidney function of

all kids improved
quickly after
treatment. Tests
showed the main
stuff in the kidney
stones from
ceftriaxone. After
watching them for a
few years, none of
the kids had long-

was

term kidney
problems  which
seems like the
treatments worked
well.

The main

symptoms, besides
not urinating,
included flank pain
(in kids older than
3, all 25 had it),
excessive  crying
(in kids under 3, all
6 had it), and
vomiting (in 19 out
of 33). Ultrasound
showed mild
hydronephrosis in
25 out 31 case and
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stones in the tubes

that connect the
kidneys and
bladder  (ureteric

calculi) in 11 out of
31 cases. Nine kids
got Dbetter with
medicine within 1
to 4 days, while 21
children resistant to

medication
underwent
retrograde
catheterization and
after
catheterization,
normal urine flow
was observed
immediately, with
symptoms
subsiding. Only
one child, for
whom catheter
insertion failed,
required

hemodialysis. The
spectrometric
analysis confirmed
ceftriaxone as the
primary component
of the kidney stines
in four children, all
of whom
experienced
complete recovery

Shabaan AE., et al Prospective, Patients were In comparing two
(2017)(Shabaan et al., randomized clinica randomly assigned groups, the infusion
1 trial was to receive either an group exhibited a
2017) conducted in intravenous significantly higher
neonates with GN-  infusion of rate of clinical
LOS admitted to meropenem over 4 improvement and

the neonatal hours (infusion  microbiologic
intensive care unit group) or 30 eradication within
(NICU), at minutes 7 days of starting

Mansoura (conventional meropenem

University group) at a dosing treatment when
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Children's
Hospital,

between August
2013 and June
2015. A total of 102
infants (51 in each

group) were

recruited.

regimen of
20 mg/kg/dose

every 8  hours
and 40 mg/kg/dose
every 8 hours in
meningitis and

Pseudomonas
infection.

compared to the
conventional

group. Also, fewer
people in  the
infusion group
passed away, and
they needed
respiratory support
for a shorter time

compared to the
regular group.
Importantly,  the
risk of kidney
issues after
meropenem
treatment was
lower in the
infusion group.
This suggests that
using an infusion
for meropenem
might be a better
choice for patients,
leading to
improved
outcomes and
fewer side effects.

CONCLUSION

In conclusion, this scoping review provides
a comprehensive overview of the existing
knowledge regarding AKI induced by
beta-lactam antibiotics in children. The
findings underscore the need for a cautious
approach in prescribing these antibiotics,
especially in vulnerable children populations.
Further research is warranted to refine our
understanding of the risk factors, mechanisms,
and optimal management strategies to mitigate
the occurrence of beta-lactam-induced AKI in
children. This knowledge will be instrumental
in advancing pediatric nephrology practice
and ensuring the well-being of pediatric
patients receiving beta-lactam antibiotics.
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