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Detection of subclinical nephrotoxicity induced by
aminoglycosides in critically ill elderly patients using
trough levels and urinary neutrophil gelatinase-
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ABSTRACT

Objectives Early detection of aminoglycoside-induced
acute kidney injury (AKI) is crucial in intensive care unit
(ICU) patients, but it is not adequately reflected by serum
creatinine (SrCr) levels. This study proposed investigating
the relationship between amikacin trough levels and the
development of nephrotoxicity using both conventional
markers and a new biomarker of renal function in
critically ill elderly patients.

Methods Thirty-three critically ill patients aged =65
years with normal SrCr who received once-daily amikacin
were evaluated. Trough levels of amikacin, creatinine
clearance (CrCL) and urinary neutrophil gelatinase-
associated lipocalin (UNGAL) were measured during the
10-day study period. The patients were divided into three
groups and were compared based on the trough levels
on both day 3 and day 7: <3 pg/mL (low trough (LT)),
3—6 pg/mL (moderate trough (MT)) and >6 pg/mL (high
trough (HT)).

Results In the LT group, neither CrCL nor uNGAL

levels significantly changed from baseline (p=0.364 and
p=0.562, respectively). In the MT group, the CrCL level
altered significantly over time from baseline (p=0.007),
but the UNGAL level did not change significantly over the
study period (p=0.916). In the HT group, both CrCL and
UNGAL levels significantly changed from baseline during
the study period (p=0.002 and p=0.046, respectively).
Conclusions In critically ill elderly patients with MT,
the mean uNGAL level changed at least 4 days earlier
than the SrCr level. Instead, the trough level of amikacin
demonstrated a potential value for predicting subclinical
AKI for implementing necessary interventions. Amikacin
trough levels <3 pg/mL in the once-daily dosing regimen
appeared safe, even in geriatric patients. Further studies
are needed to confirm this finding.

INTRODUCTION

Aminoglycosides have been used extensively for
a long time to treat Gram-negative infections in
intensive care units (ICUs).! However, this group
of antimicrobial agents has been shown to disturb
renal function. Nephrotoxicity induced by amino-
glycosides occurs in approximately 10%-20% of
patients treated with these medications, and usually
presents as a non-oliguric acute kidney injury (AKI).
The onset of renal damage is slow, and serum creat-
inine (SrCr) typically rises after 5-7 days of therapy.
In addition to these disturbances, various electrolyte

abnormalities are infrequently observed.”* Criti-
cally ill patients who experience aminoglycoside
nephrotoxicity have higher mortality rates than
patients without AKL* Moreover, AKI is inde-
pendently associated with an increased risk of some
morbidities, including an increase in the costs of
healthcare and the length of ICU or hospital stay,
developing chronic kidney disease, and end-stage
renal disease.” Although AKI is often a preventable
and treatable disorder, patients are missed in early
diagnosis and management.®

Different strategies have been proposed to reduce
aminoglycoside nephrotoxicity, and the once-daily
dosing strategy is the most prevalent approach.
In patients receiving once-daily dosing of amino-
glycoside therapy, high trough levels have been
related to nephrotoxicity.” Elevated trough levels
exceeding 2-3 ug/mL for tobramycin, gentamicin
or netilmicin and exceeding 5 pg/mL for amikacin
have been reported as a risk of aminoglycoside
nephrotoxicity.® Although maintaining levels within
the therapeutic ranges would not entirely prevent
the occurrence of AKI, it may decrease the severity
of this complication.” Other major risk factors
that have been shown to increase the likelihood of
aminoglycoside nephrotoxicity include prolonged
duration of therapy, advanced age, comorbid
disease, volume depletion, and concomitant neph-
rotoxic drug administration.'” In the meantime,
close monitoring of elderly patients is essential as
they represent the majority of patients admitted to
ICUs. This population often suffers from multiple
comorbidities that make them more susceptible to
AKI complications.'!

The diagnosis and aetiological classification of
AKI largely depend on detecting changes in conven-
tional endogenous surrogate kidney function
markers, specifically SrCr, blood urea nitrogen level
and, less frequently, other urinary tests.'* Despite
the prevalent use of these traditional markers by
clinicians at the bedside, they are insensitive and
non-specific for the diagnosis of AKI because no
single test reflects real-time dynamic changes in
glomerular filtration rate and genuine kidney
injury.”® Conversely, the SrCr level only begins to
rise when more than 50% of the renal function is
lost, which means that the identification of AKI
occurs after a delay that constrains effective early
interventions.'* Several novel biomarkers including
urinary neutrophil gelatinase-associated lipocalin
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Table 1  Baseline demographics and clinical parameters of the
patients

LT MT HT

(trough (trough (trough >6 pg/

<3 pg/mL) 3-6pg/mL) mL)
Variable/group  (n=7) (n=16) (n=10) P value
Male (n, (%)) 4 (57.1) 11 (68.7) 5 (50.0) 0.646
Age (years) 68.6+6.0 73.7£7.0 74.6+9.4 0.168
IBW (kg) 61.8+17.2 58.3+7.8 57.6+8.0 0.944
APACHE Il score  14.4+6.1 16.5+£3.3 16.6+4.9 0.619
SOFA score 5.6+2.6 5.7+1.1 45+1.9 0.244
CrCL 74.5+24.6 57.5+13.8 57.8+14.5 0.226
uNGAL 11.1£9.3 23.4+23.8 31.3+37.2 0.209

APACHE, acute physiology and chronic health evaluation; CrCL, creatinine clearance;
HT, high trough; IBW, ideal body weight; LT, low trough; MT, moderate trough; SOFA,
sequential organ failure assessment; uNGAL, urine neutrophil gelatinase-associated
lipocalin.

(uNGAL) have been identified for the early detection of AKI, and
these may more reliably predict changes in renal function. 1

The present study investigated the relationships between
amikacin trough levels and the development of nephrotoxicity
by using both conventional and novel biomarkers of renal func-
tion in critically ill elderly patients.

METHODS

This was a post hoc analysis of a study that has already been
published, which aimed to compare higher-than-standard doses
of amikacin in critically ill elderly patients.'” The details of
the study design and rationale have been reported previously.
Briefly, 33 older patients aged over 65 years who had a normal
SrCr level (<1.2mg/dL), as well as an indication for treatment
with amikacin following sepsis, were randomly assigned to
either standard-dose (15 mg/kg) or high-dose (25 mg/kg) amik-
acin therapy. Amikacin was given to all patients on the once-
daily regimen via a 1-hour intravenous infusion. Both peak
and trough levels of amikacin were measured at days 3 and 7
to calculate pharmacokinetic parameters including the elimina-
tion constant rate (K ) and volume of distribution (V). Peaks
and troughs were drawn 30min after the end and before the
initiation of infusion, respectively. Urine samples were collected
via the patient’s Foley catheter on days 0, 3, 5, 7 and 10 of the
study. Samples were collected in a § mL plain tube (without anti-
coagulant) and then centrifuged for 5min to precipitate cells.
The NGAL ELISA kit was used to detect uNGAL (NGAL ELISA
Kit; BioVendor Research and Diagnostic Products, Brno, Czech
Republic). Renal function was also monitored in all patients
using SrCr, uNGAL and urine output for at least 10 days. CrCL

was estimated using the Cockcroft-Gault equation.’® All the
included patients were divided into three groups based on the
amikacin trough levels: group 1 (LT) had low trough levels of
<3 pg/mL, group 2 (MT) had moderate trough levels of 3—6 pg/
mL and group 3 (HT) had high trough levels of >6 pg/mL on
one of the measured levels on the third or seventh days. Typical
paper ICU charts were reviewed for each patient to extract rele-
vant demographic, laboratory and clinical data, including age,
sex, body weight, height, acute physiology and chronic health
evaluation (APACHE) II score, sequential organ failure assess-
ment (SOFA) score and biochemistry tests.

All the continuous variables were presented as mean=stan-
dard, and categorical variables are presented as n (%). The
Kolmogorov—-Smirnov normality test was performed on all data.
Repeated measures ANOVA was used for comparison of trends
over time between the three groups for each studied variable.
Moreover, one-way ANOVA (parametric) or Kruskal-Wallis H
tests (non-parametric) were used to test for statistical differences
(two-tailed) between two independent groups. Two-sided Chi-
square/Fisher’s exact tests were used to assess the associations
between the groups and the categorical variables. For making an
unbiased comparison between three groups in handling missing
data, intention-to-treat (ITT) analysis was used. All the statistical
analyses were done using SPSS software (Version 25). P values
<0.05 were considered statistically significant.

RESULTS

The three amikacin trough level groups were distributed as LT
(n=7, 21.2%), MT (n=16, 48.5%) and HT (n=10, 30.3%).
Baseline data were compared, and no significant differences were
found to exist between the groups as regards age, gender, body
weight, APACHE II, SOFA score, CrCL baseline and uNGAL
baseline. Therefore, the three groups were matched based on
all the baseline variables. Baseline demographics and clinical
parameters of the patients are shown in table 1.

As presented in table 2, in the LT group, neither the CrCL
nor uNGAL levels significantly changed from baseline during
the 10-day study period (p=0.562 and p=0.364, respectively).
In the MT group, the uNGAL level significantly rose over time
from baseline during the 10-day study period (p=0.007). The
CrCL level did not significantly alter during the study period
(p=0.916). In the HT group, both the CrCL and uNGAL levels
significantly changed from baseline during the 10-day study
period (p=0.046 and p=0.002, respectively). Comparison of
CrCL and uNGAL levels between the three groups at each time
point indicated that the CrCL level was significantly different
between the three groups on days 7 and 10 (day 3: p=0.079,
day 5: p=0.070, day 7: p=0.002, day 10: p=0.012). Likewise,
uNGAL levels were significantly different between the three

Table 2 Comparison of nephrotoxicity markers between the three groups during the 10-day study

P value of linear

Baseline Day 3 Day 5 Day 7 Day 10 trend time
Parameter uNGAL CrCL uNGAL CrCL uNGAL CrCL uNGAL CrCL uNGAL CrCL uNGAL CrCL
LT 11.1+8.6 745+22.7 18.8+24.8  78.9+235 27.8+31.7 78.8+30.8 34.0+37.7 81.9+23.7 16.7+144  86.5+28.0 0.364 0.562
(n=7)
MT 233+23.1  57.4+13.4  41.2£299 5954156  56.4+36.2  58.7+15.9  59.5£39.4  60.5+15.0 61.9+32.2 57.9+14.9 0.007 0.916
(n=16)
HT 31.3+£35.2  57.8+13.8  70.2£36.8  55.0+15.0  86.6£30.5 48.3+13.4  74.8£26.7 42.4+538 80.8£28.0  45.2+12.4 0.002 0.046
(n=10)
P value” 0.209 0.226 0.005 0.079 0.008 0.070 0.189 0.002 0.010 0.012 - -

All the continuous variables are presented as meanSD. P value” is the p value for comparisons of the parameters between the three groups at each time point.
CrCL, creatinine clearance; HT, high trough; LT, low trough; MT, moderate trough; uNGAL, urine neutrophil gelatinase-associated lipocalin.
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Figure 1  Error bar of time trend of creatinine clearance (CrCL) level over

time in each of the studied groups. HT, high trough; LT, low trough; MT,
moderate trough.

groups on days 3, 5 and 10 (day 3: p=0.005, day 5: p=0.008,
day 7: p=0.189, day 10: p=0.010).

Linear trends of CrCL and uNGAL levels over time in the
three groups are shown in figures 1 and 2, respectively.

DISCUSSION

The results reveal that patients with low trough levels of amik-
acin (<3 pg/mL) might not experience renal side effects during
the once-daily regimen. In the group whose mean trough level
increased to more than 3 pg/mL, uNGAL began to rise from the
fifth day of treatment, and in the group whose mean trough
level was above 6 ug/mL, uNGAL rose more rapidly (from the
third day). In the latter group, CrCL also began to decline with
a 4-day delay (from the seventh day of treatment). The most
remarkable study finding is that the patients in the MT group
(amikacin trough level of 3-6 pg/mL) who had increased uNGAL
levels in the absence of SrCr elevation do not fulfil AKI criteria.
However, subclinical AKI may be the potential scenario.” If
the patients continue to be exposed to the toxic insult (in our
study, a supra-therapeutic level of an aminoglycoside), the
SrCr levels may alter with a significant delay. These results
are in good agreement with the findings of a recent study by
McWilliam et al,*® which demonstrated the potential validity
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Figure 2 Error bar of time trend of urine neutrophil gelatinase-
associated lipocalin (UNGAL) level over time in each of the studied groups.
HT, high trough; LT, low trough; MT, moderate trough.
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of urinary renal biomarkers to identify aminoglycoside-induced
nephrotoxicity in patients with cystic fibrosis. These authors
concluded that kidney injury molecule-1 (KIM-1) might be
considered to be a biomarker of subclinical AKI during tobra-
mycin exposure.”’ The results of an experimental study in rats
suggested the potential use of urinary KIM-1 as a highly specific
biomarker for the early diagnosis of gentamicin-induced prox-
imal tubular injury.*!

Moreover, several studies have validated novel biomarkers
for detecting drug-induced subclinical AKI that may help in the
earlier implementation of interventions to decrease the risk of
complications.”** There is a paucity of data about using drug
plasma levels for detection of early or subclinical stages of
kidney injury.” *° It has been reported that an amikacin trough
level above 5 pg/mL would increase the risk of nephrotoxicity.?’
However, this threshold may not be used as an indication to
predict AKI promptly and probably cannot be employed to
detect subclinical AKI, due to the use of SrCr as a gold standard
for AKI definition. Moreover, SrCr is a late marker of amino-
glycoside nephrotoxicity. These agents initially cause proximal
tubular cell damage, which may not be adequately reflected by a
conventional kidney marker such as SrCr.*®

The present study's results specify that patients with MT are
at high risk of a further decrease in renal function because of the
escalating uNGAL level compared with baseline. Based on the
detection of subclinical AKI in this group of patients by means
of a novel biomarker, a new threshold of renal toxicity for amik-
acin trough levels has been suggested. Maintaining the amikacin
trough level below the threshold of 3 pg/mL in the once-daily
dose regimen can decrease drug nephrotoxicity substantially.
Conversely, it can be stated that the new biomarkers (or at least
uNGAL) can detect subclinical AKI and help clinicians to initiate
preventive strategies in a timelier manner, even though the exact
threshold of uNGAL levels that predict nephrotoxicity and other
potential causes of its rise still need be determined. The fact that
the patients in this study were elderly ought not to be ignored
since older patients are more vulnerable to AKI development,
even with lower trough levels of aminoglycosides.” Further-
more, critically ill patients frequently have multiple condi-
tions, for example, sepsis, shock and coadministration of other
nephrotoxic medications that can potentiate the drug-induced
nephrotoxicity.>

To the best of our knowledge, the current study is the first
to evaluate the relationship between kidney biomarker levels
and amikacin serum concentrations. Such an evaluation may
lead to the discovery of a new threshold of nephrotoxicity for
amikacin trough levels in geriatric critically ill patients. Further
studies with larger sample sizes will, however, be needed to
better understand the optimum use of aminoglycosides in elderly
patients with sepsis.

CONCLUSIONS

We found that in critically ill elderly patients with amikacin
trough levels of 3-6ug/mL, a change in uNGAL levels was
observed at least 4 days earlier than the SrCr level during a once-
daily regimen. Owing to the fact that treatment of serious infec-
tions in ICUs is extremely vital, amikacin trough levels less than
3 pug/mL in a once-daily dosing regimen appear safe, even in geri-
atric patients. Conversely, the trough level of amikacin, where
available, has potential value for use in cases of subclinical AKI
to prevent more complications. In our view, new tools such as
trough levels and novel kidney biomarkers (ie, uNGAL) may be
beneficial in the early detection of aminoglycoside-induced AKI
and improvement of the clinical outcomes in critically ill elderly

Sadeghi K, et al. Eur J Hosp Pharm 2022;29:e63-e66. doi:10.1136/ejhpharm-2021-002868 €65
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What this paper adds

What is already known on this subject

» Aminoglycoside-associated acute kidney injury typically
manifests as a rise in serum creatinine. However, creatinine
elevation significantly delays the diagnosis of this
complication in critically ill patients.

» An elevated trough level has been shown to correlate with
nephrotoxicity in older adults.

What this study adds

» The present study confirms the trough level/nephrotoxicity
correlation.

» Additionally, the results reveal that urinary neutrophil
gelatinase-associated lipocalin may be a useful, non-invasive
biomarker for identifying aminoglycoside nephrotoxicity
promptly in critically ill elderly patients.

patients. Further studies are, however, needed to confirm this
finding.
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