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ABSTRACT

Vancomycin remains vital for treating serious
MRSA and other Gram- positive infections, but its
use in chronic kidney disease (CKD) patients poses
heightened  challenges  due to  altered
pharmacokinetics, risk of nephrotoxicity, and
dosing  complexity.  Vancomycin  induced
nephrotoxicity is multifactorial, with risk factors
including high trough concentrations, elevated area
under the concentration- time curve (AUCQC),
concurrent use of other nephrotoxic agents,
prolonged therapy duration, and pre- existing renal
impairment. Clinical manifestations range from
mild serum creatinine elevation to acute kidney
injury, potentially accelerating CKD progression.
Traditional trough- based therapeutic drug
monitoring (TDM) methods are increasingly seen
as suboptimal.
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l. INTRODUCTION

Vancomycin  remains a critical
antimicrobial for treating serious Methicillin-
resistant Staphylococcus aureus (MRSA) and other
multi  drug-resistant Gram-positive infections,
particularly in CKD patients where therapeutic
options are limited.[1] Achieving the delicate
balance between efficacy and safety is essential, as
impaired renal clearance in CKD leads to drug
accumulation  and  heightened  risk  of
nephrotoxicity. [2]

In elderly individuals and those with CKD
Stage 3-5, elevated vancomycin trough levels have
consistently emerged as strong independent
predictors of acute kidney injury(AKI). A
retrospectivecohor to folder adults found that levels
above21.5mg/L(CKD stage 3a) and 16.5 mg/L
(CKD Stage 3b-5) corresponded to significantly
increased risk of vancomycin-induced
nephrotoxicity. [3]
=  Vancomycin can cause nephrotoxicity in upto

10 percent of patients, particularly with
prolonged or high dose treatment.

®= Regular renal function and drug level
monitoring are essential to minimize the risk of
kidney damage. Following clinical guidelines
for vancomycin dosing and duration can
enhance patient safety and therapeutic
efficacy.

Implementation of dosing protocols that
incorporate TDM has demonstrated meaningful
reductions in AKI rates. In CKD patients, these
monitoring and dosing challenges are exacerbated
by fluctuating renal function, dialysis variability,
and frequent comorbidities. This review synthesis
current evidence on vancomycin pharmacokinetics
in CKD, compares monitoring strategies (tough vs
AUC), explores dose- toxicity relationships.[4]

Pharmacokinetic alterations of vancomycin in
CKD

Vancomycin is a glycopeptide antibiotic
with hydrophilic properties, a narrow therapeutic
index, and predominant renal elimination. In
patients with chronic kidney disease (CKD),
impaired renal clearance leads to a prolonged half-
life of vancomycin and significant accumulation
unless appropriate dose adjustments are made. This
altered pharmacokinetic profile increases both the
risk of nephrotoxicity and the likelihood of
subtherapeutic or toxic concentrations without
close monitoring.[5]

As renal function declines, the volume of
distribution may increase slightly, but the most
profound change in vancomycin clearance, which
is linearly correlated with creatinine clearance. In
patients with end stage renal disease (ESRD),
vancomycin clearance becomes highly
unpredictable, particularly in those undergoing
intermittent hemodialysis.[6]

The introduction of AUC- guided dosing
strategies has improved therapeutic precision.
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Targeting an area under the concentration-time
curve (AUC)/ minimum inhibitory concentration
(MIC) of 400-600 mg./L is now recommended over
traditional trough- based methods.[7]

Eliminating vancomycin is primarily
through renal clearance, exhibiting a half-life of 4-
6 hours in adults.[8]

Monitoring of vancomycin

Accurate monitoring of vancomycin
exposure is critical in CKD patients due to their
heightened risk of nephrotoxicity and altered
pharmacokinetics. Traditionally, serum trough
concentrations (15-20mg/l) have been used as
surrogates for the rapeutic efficacy. Another meta -
analysis confirmed that AUC guided monitoring
may reduce the incidence of vancomycin- induced
AKI versus trough- guided strategies, though
mortality benefits remained less conclusive.
Regular measurement of vancomycin
concentrations, serum creatinine levels, and careful
interpretation by healthcare providers balance
clinical efficacy and patient safety.[9]

Vancomycin toxicity in CKD Patients.

Vancomycin- associated nephrotoxicity
remains a significant concern in CKD patients due
to altered pharmacokinetics, comorbidities, and
longer expected drug exposure. Vancomycin
induced acute kidney injury is observed in 5%-40%
of treated patients, varying by dose, duration, and
co existing risk factors such as CKD and
nephrotoxins.[10]

Mechanisms

e Experimental and clinical evidence implicates
oxidative stress, mitochondrial dysfunction,
proximal tubular cell apoptosis.

e Histologically vancomycin- induced
nephrotoxicity may present as acute tubular
Necrosis, interstitial nephritis, orcas

nephropathy, which may be reversible upon
discontinuation.[11]

Clinical implications in CKD

e CKD patients frequently have high baseline
vulnerability, making them susceptible to
cumulative vancomycin exposure even at
moderate dosing.

e Combination therapy with other nephrotoxic
drugs-especially  piperacllin-  tazobactum
further compounds AKI risk.

e FElevated vancomycin troughs are a convenient

surrogate for AKI risk; however, AUC guided
dosing better predicts safety outcomes.[12]

®  Pre- existing CKD further predisposes patients
to toxicity even at moderate vancomycin
exposures, due to impaired clearance and
accumulation.

e Most VA-AKI cases in CKD patients are
multifactorial, often involving prolonged
therapy, nephrotoxic comorbidities, and high
baseline comorbidity burden.[13]

RISK FACTORS

1. Patient-specific Factors

e  Pre-existing renal impairment (eGFR
<60 ML/min/1.73m? significantly increases
vancomycin accumulation and toxicity.

e  Obesity alters drug distribution and clearance,
leading to inappropriate exposure despite
weight-based dosing.

e Comorbidities like diabetes mellitus, heart
failure, and sepsis also compound the risk.[14]

2. Age:

Young individuals are at an increased risk
of developing nephrotoxicity, possibly due to
underdeveloped  renal  function.  However,
retrospective studies have also shown that elderly
patients might be susceptible, possibly due to age-
related decline in kidney function.

3. Vancomycin Exposure Factors

e High vancomycin trough levels (.15-20g/ml)
are closely linked to nephrotoxicity.

e Pronged therapy beyond 7-l14days increases
cumulative renal exposure.

e High daily doses (4g/day) are independently
associated with a higher incidence of AKI.

4. Drug-Drug interactions
Co administration with othernephrotoxic agents
such as:

Piperacillin-tazobactam
Amino glycosides
NSAIDs

Loop diuretics
Amphotericin B

These combinations increase the risk of
synergistic tubular injury.
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Critical illness and ICU Admission

e Patients admitted to the ICU often receive
higher vancomycin doses due to altered
pharmacokinetics.

e They are also exposed to multiple nephrotoxic
drugs and may experience hemodynamic
instability, which exacerbates the risk.

6. Genetic factors: certain genetic predispositions
might elevate the risk of nephrotoxicity,
though more research is needed to establish
these connections.[15]

CLINICAL MANIFESTATIONS

e Proximal tubule injury: vancomycin can cause
injury to the proximal tubule cells in the
kidney, leading to impaired reabsorption of
electrolytes and other solutes. This can result
in proteinuria and glycosuria in young and
adult patients.

e Electrolyte imbalances: the damage to the
proximal tubule can lead to electrolyte
imbalances, causing symptoms like muscle
twitching, abnormal heart rhythms, and altered
mental status.

e  Acute kidney injury: vancomycin-induced AKI
is a severe manifestation. This might lead to
oliguria, fatigue, edema, and hypertension in
adults. In pediatric patients, the symptoms
might be less specific, including reduced urine
output and poor growth.

e Chronic renal failure: Long- term exposure to
vancomycin can cause irreversible damage to
renal tissues, leading to chronic renal
failure.[16]

ASSOCIATED AGENTS AND EFFECTS

e The concurrent use of vancomycin with other
antibiotics, such as piperacillin-tazobactam and
aminoglycosides, has complex implications for
renal  function. When combined with
vancomycin, piperacillin-tazobactam has been
found to increase the risk of nephrotoxicity,
potentially contributing synergistically torenal
function.

e Similarly, the combination of vancomycin with
aminoglycosides  presents a  significant
challenge. Both these agents are known to be
nephrotoxic, and their combined
administration can amplify the risk of acute
renal failure and renal dysfunction.[17]

Practical dosing recommendations  for
vancomycin in CKD Patients

Managing vancomycin dosing in patients
with chronic disease requires a patient- centered
approach that integrates pharmacokinetics, renal
function, and therapeutic drug monitoring strategies
to avoid toxicity and ensure efficacy.

Initial loading dose

Recommended:20-25mg/kg  (based on
total weight), irrespective of renal function.
Pharmacokinetic monitoring and dose adjustment
in CKD

e Frequent adjustments based on estimated
glomerular ~filtration rate or measured
creatinine clearance are essential.

e Bayesian dosing software can predict AUC
early and individualize therapy, particularly
helpful in CKD patients where vancomycin
clearance is unpredictable.

e  Avoidance of concomitant nephrotoxins

e Use of piperacillin-tazobactam, loop diuretics,
NSAIDs, or amino glycosides should be
minimized or avoided.

e When unavoidable, monitoring frequency
should be increased, and shorter vancomycin
courses should be considered.[18]

Shorter Duration

e Shorter courses (5-7 days) are often equally
effective and reduce nephrotoxicity risk,
especially in non- complicated MRSA
bloodstream infections.

e AUC - based dosing is safer and more
accurate than trough monitoring. Target:
AUC/MIC= 400-600mg.h/L. [19]

e Renal function must be monitored frequently
and dynamically.

Shorten duration of therapy when appropriate.

e Dialysis-specific Considerations: Dosing after
each dialysis session

e Monitor levels before next session to guide
next dose.[20]

VANCOMYCIN
PREVENTION

e Preventing vancomycin- associated
nephrotoxicity ~ requires  an intricate,
multifaceted approach that emphasizes
understanding the specific risk factors of
patients.

NEPHROTOXICITY
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e Ensure adequate hydration to maintain renal
perfusion, especially in hospitalized or
critically ill patients.

e Regular evaluation of eGFR or CrCl is
necessary to adjust maintenance doses.

e |mplementing individualized doses should be
based on the patient’s weight, renal function,
and severity of infection. Regular therapeutic
monitoring of serum concentrations and
biomarkers  should be done  during
administration. This promotes precise dose
adjustments.[21]

e The judicious use of vancomycin must be
patient- centered, emphasizing evidence-based
strategies. Healthcare professionals must
commit to staying current with scientific
literature.

e These collective efforts ensure the
maximization of vancomycin’s therapeutic
benefits while minimizing the risk of
nephrotoxicity.[22]

I1.  CONCLUSION

Preventing vancomycin nephrotoxicity in
CKD requires a multi- pronged approach-careful
dose selection, avoidance of harmful drug
combinations, modern monitoring techniques, and
patient specific adjustments. Early implementation
of AUC- guided therapy and stewardship principles
are essential in reducing avoidable kidney injury.
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