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ORIGINAL ARTICLE

Should gentamicin trough levels be routinely obtained in term

neonates?

J Ibrahim’, D Maffei?, G El-Chaar®*, S Islam®, S Ponnaiya® A Nayak’, W Rosenfeld® and N Hanna’

OBJECTIVE: Gentamicin is a common antibiotic used to treat sepsis in neonates. We hypothesize that obtaining routine gentamicin

trough levels may not be necessary in low-risk, term infants.

STUDY DESIGN: We performed a retrospective cohort study of term infants (n=346) treated with gentamicin in a single level Il
neonatal intensive care unit (NICU). The results of gentamicin trough levels and the correlation with risk factors and potential side
effects were recorded. In addition, we conducted a survey of 75 academic NICUs across the United States regarding their

gentamicin monitoring practice.

RESULTS: Routine trough levels did not predict potential gentamicin toxicity in neonates with low risk factors. Regression analysis
demonstrated a positive correlation between gentamicin trough levels and serum creatinine. The survey of the NICUs in the United
States demonstrated significant inconsistency in gentamicin monitoring practice.

CONCLUSION: Obtaining gentamicin trough levels guided by risk factors is more appropriate than obtaining routine trough levels

in low-risk term neonates.
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INTRODUCTION

Gentamicin is one of the most commonly used antibiotics to
treat sepsis in the neonatal period. The mechanism of action is
bactericidal inhibition of protein synthesis.'? Because of the
potential for ototoxicity and nephrotoxicity, routine serum trough
levels are often drawn to reassure clinicians that levels are
maintained below the safe level (< 2 pg/ml).>™®

Preterm infants are more prone to toxic trough levels, likely
because of the immaturity of their renal function.'®™'? Although
monitoring gentamicin serum levels is indicated in preterm
infants, there is paucity of data regarding such need in term
low-risk infants. Studies have shown that since extended dosing
intervals have been adopted, trough levels are much more
predictable.’*'® Two meta-analyses demonstrated that extended
dosing intervals of gentamicin in neonates achieved desired safe
serum concentrations (defined as trough <2 ug/ml and peak
>5 pg/ml)."" However, despite wide adaptation of this new
dosing schedule, monitoring and dose adjustments based on
trough levels remain varied among clinicians across the country.
This inconsistency occurs not only among institutions but also
among different physicians in the same practice. This can cause
considerable confusion and prohibits a standardized approach to
gentamicin serum level monitoring practice.

We hypothesized that the definition of toxic gentamicin trough
level is not standardized in clinical practice across the United
States. Furthermore, we hypothesized that obtaining routine
gentamicin trough levels in low-risk term infants is not clinically
necessary. The present study was conducted to answer these two
hypotheses.

MATERIALS AND METHODS

We conducted a phone survey of 75 academic level Ill/IV neonatal
intensive care units (NICUs) that have neonatal fellowship programs from
across the United States regarding gentamicin serum level monitoring
practice. Two phone calls were attempted to either the NICU charge nurse/
director or the neonatal fellow. The phone survey was composed of the
following questions:

1. Which antibiotics do you use in treating sepsis/presumed sepsis in full-term
neonates?

. If gentamicin is used, what is the dose/interval?

. When is a gentamicin trough level drawn?

. What is considered an abnormal trough level?

. Who decides the cutoff for an abnormal gentamicin trough level?
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The answers were recorded and stratified based on the responses given.

To determine the occurrence of abnormal trough levels in term
neonates (>2 pug/ml) and the clinical correlation with potential risk factors
and adverse effects, we performed a retrospective study of the charts of
346 full-term neonates admitted to the NICU at Winthrop University
Hospital, a designated New York state Regional Perinatal Center. The
inclusion criteria were: (1) term infants >37 weeks of gestation, (2)
<1 week of age, (3) receiving gentamicin for presumed sepsis (7-day
course) and (4) having trough levels drawn before the third dose. Our unit
uses extended dosing interval of 4 mgkg™' per day and the gentamicin
trough level is routinely obtained before the third dose. This study was
approved by our institutional review board as an expedited protocol.
Gestational age, birth weight, dosage given, hearing screen results,
concomitant administration of nephrotoxic drugs (vancomycin, indo-
methacin, furosemide or amphotericin) as well as serum creatinine levels
when available (if obtained before the trough level was drawn) were
recorded.
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Table 1.

dose (58%)

Survey of 75 academic neonatal intensive care units (NICUs) across the United States demonstrated significant variability regarding
gentamicin use; however, the majority of NICUs used ampicillin and gentamicin as the antibiotics of choice to treat neonatal sepsis in the
first week of life (90%), prescribed gentamicin at a dose of 4 mg kg— 1 per day (84%) and sampled gentamicin trough levels before the third

Question 1: Which antibiotics
do you use in treating sepsis/
presumed sepsis in full-term
neonates?

Question 2: If gentamicin is
used, what is the dose/
interval?

Question 3: When is the

Ampicillin/gentamicin
(90%)

4mgkg~" per day
(84%)

Before third dose

Vancomycin/gentamicin

5mg kg~ per day

Before fourth dose

Ampicillin/gentamicin/
vancomycin (4%)

Vancomycin/

(4%) cefotaxime (2%)

45mgkg™"
per day (2%)

3.5 mg kg~ per day

(9%) (5%)

Before second dose

gentamicin trough level (58%) (30%) (12%)
drawn?
Descriptive statistics were presented using means and proportions as >1mgdl~". Spearman’s correlation analysis demonstrated a

appropriate. Normality of the variables ‘gentamicin trough levels’ and
‘creatinine’ was examined using Kolmogorov-Smirnov test. Spearman’s
correlation coefficient and scatter plot were used to evaluate relationship
between creatinine and gentamicin trough level. A linear regression model
was used to determine the effect of creatinine on the trough level. SAS 9.4
(SAS Institute Inc., Cary, NC, USA) was used to perform the analyses and
P-value of < 0.05 was considered statistically significant.

RESULTS

Definition of gentamicin toxic trough levels across academic NICU
institutions in the United States

The phone survey of the academic NICUs demonstrated
significant inconsistencies. Of the 75 NICUs contacted, 55 (73%)
responded with full answers to questions asked. As shown in
Table 1, the answers for the first three questions demonstrated
that the majority of NICUs use ampicillin and gentamicin to treat
neonatal sepsis in the first week of life (90%), gentamicin dose of
4mgkg™" per day (84%) and obtain gentamicin trough levels
before the third dose (58%). Although differences existed between
institutions, most of the variability was related to questions 4 and 5
(What is considered an abnormal gentamicin trough level? and
Who decides the cutoff for such level?). Out of the 55 NICUs that
responded to our survey (Figure 1), 35 NICUs (64%) stated that
they have a fixed cutoff value that defines toxic trough gentamicin
levels, 18 (33%) defined toxic gentamicin level as > 2 pg/ml and
17 (31%) defined toxic gentamicin level as > 1 ug/ml. As shown in
(Figure 1), 20 NICUs (36%) did not have a fixed cutoff value to
define toxic trough gentamicin levels but rather this level was
determined by either the medical team for 9 NICUs (16%) or
pharmacy staff for 11 NICUs (20%).

The incidence of high gentamicin trough levels in term neonates
and its correlation with risk factors and potential side effects

A population of 346 patients met our inclusion criteria. The mean
gestational age was 40.4 weeks and mean birth weight was
3.315kg. Table 2 depicts the incidence of trough levels in term
neonates <1, 1 to 1.9 and >2 pg/ml, as well as its correlation
with risk factors and potential adverse effects. Gentamicin
serum trough level <1 pg/ml was reported in 57% of neonates,
whereas 42% had a level between 1 and 1.9 pg/ml. Only 2 patients
(0.6%) had elevated trough levels of 2 and 2.1 ug/ml. Both patients
had a history of low urine output, defined as <1mlkg ~'h™' or
at least two dry diapers in the 24 h period before the gentamicin
trough level was drawn. There were 7 neonates who had
abnormal hearing screens but none had trough levels of
>2pg/ml (3 with trough levels <1 pg/ml and 4 with trough
levels 1 to 1.9 ug/ml). We had 3 patients with concomitant use
of nephrotoxic drugs, but none had gentamicin trough levels of
>2 ug/ml. None of our patients had serum creatinine levels of
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positive correlation between gentamicin trough levels and serum
creatinine (Figure 2). An unadjusted linear regression model was
developed for gentamicin trough level using creatinine as the
independent variable (R?=0.10, regression coefficient=0.51, s.
e.=0.11, F=22.89, P<0.0001). Hence, we can interpret the
regression coefficient that for every 1mgdl~' increase in
creatinine, gentamicin trough level would increase by 0.51 pug/ml.

DISCUSSION

Our study demonstrates the wide variability among clinical
practitioners regarding the definition of a toxic gentamicin trough
level. Furthermore, the results from our NICU demonstrated the
low yield of elevated gentamicin serum trough levels in term, low-
risk neonates (with normal urine output and normal serum
creatinine).

Aminoglycosides along with B-lactam antibiotics remain the
most widely adopted antibiotics in many NICUs, with gentamicin
being the most commonly used aminoglycoside. Drawbacks to
the use of aminoglycosides in neonates include their narrow
therapeutic index causing a greater potential for ototoxicity and
nephrotoxicity. Extended dosing intervals were adopted by many
NICUs to improve gentamicin’s pharmacodynamic profile, con-
sisting of a larger gentamicin dose given over a prolonged dosing
interval of 24h while maintaining drug safety.>** Dosing
regimens range from 2 to 5mgkg~' per dose, administered
every 8 to 36 h with target trough concentrations from 0.5 to
2ug/ml2® In most cases, this antibiotic regimen is used in
neonates at high risk for infection as an empirical therapy to rule
out suspected sepsis, rather than to actually treat proven sepsis.
Such courses are only used for 48 h (until cultures are negative)
with no need to obtain trough levels. However, if the regimen
course exceeds 48 h, most NICUs will monitor the gentamicin
trough level and that might dictate change in dosing and/or
interval. A study conducted by Boyle et al.%® in 2006 attempted to
develop a nomogram similar to the adult nomogram used for
evaluation of gentamicin doses 4-16 h after administration. The
study was unable to construct a single, clinically valid nomogram
to predict aminoglycoside concentrations for infants of varying
ages, using the once daily gentamicin dosing.?® In a retrospective
study done by Stach et al.,* factors associated with an increased
risk of supratherapeutic trough levels included inappropriate
dosing, elevated serum creatinine concentrations, low urine
output and shock. Contrary to our focus on term infants, the
mean gestational age for this study subjects was 35 weeks (range
23-41 weeks) and the incidence of inappropriate gentamicin
doses given was 18%. Nevertheless, their conclusion is in
agreement with our results that frequent monitoring of gentami-
cin serum levels may not be necessary in low-risk neonates if
standard correct doses are used.* The wide variability observed in
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55 NICUs responded

35 (64%) gave fixed values

I

20 (36 %) stated level is
defined by NICU staff

Figure 1.

|

18 (33%) define level
as >2.0 pg/mL

17 (31%) define level
as >1.0 pg/mL

9 (16%) decided
by medical team

11 (20%) decided by
pharmacy staff

Phone survey results show inconsistency regarding gentamicin trough level monitoring practice. Of all 55 neonatal intensive care

units (NICUs) surveyed, toxic trough level was defined as >2.0 pg/ml (33% of all NICUs) or >1.0 pg/ml (31% of all NICUs); however, 36% of the
55 NICUs deferred the definition of toxic trough levels to the NICU staff on a case-by-case basis.

Table 2.

Results of data stratified by trough level ranges showing the incidence of gentamicin trough levels and its correlation with risk factors and

potential side effects

Gentamicin levels

< 1.0 ug/ml

1.0-1.9 ug/ml

>2.0 ug/ml

Incidence

198/346 (57.2%)

146/346 (42.2%)

2/346 (0.6%)

Birth weight (mean) 3.574 kg 3.438 kg 3.330 kg
Birth weight < 2.5 kg 5/198 (2.5%) 7/146 (4.8%) 0

Low urine output 19/198 (9.5%) 12/146 (8.2%) 2/2 (100%)
Abnormal hearing screen 3/198 (1.5%) 4/146 (2.7%) 0
Nephrotoxic meds 2/198 (1.0%) 1/146 (0.7%) 0
Creatinine serum levels (mean) 04mgdl~! 05mgdl! 0.7mgdl™’

Relationship between creatinine and Gentamicin trough level
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Figure 2. Scatter plot with a linear regression line depicting positive
relationship between serum creatinine and gentamicin trough
levels.

our survey among academic NICUs regarding the definition of
toxic gentamicin trough level was surprising. A possible explana-
tion is that a widely used drug reference, ‘Neofax’, lists the toxic
gentamicin trough level as >1 pg/ml, but other references list
toxic levels as > 2 ug/ml.2’~3° Review of the Neofax references did
not provide evidence to justify the definition of toxic gentamicin
trough level as >1pug/ml in term neonates. Our survey
demonstrated that 20% of the NICUs do not use any fixed
reference value for gentamicin to adjust doses but rather depend
on pediatric pharmacy staff that adjust doses based on calculated
pharmacokinetics. Such practice would require resources that
might not be available for all NICUs, hence another reason for
practice variability.
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Some of the limitations of our study include the inherent
disadvantages of performing a retrospective study. Another
possible limitation is that urine output, serum creatinine and
gentamicin serum levels were recorded on day 3 of therapy and
not throughout the 7-day course. In addition, the phone survey
used NICU staff self-reporting, allowing for possible recall bias and
potentially incomplete information.

To our knowledge, this is the largest study to date (n=346)
addressing the range of gentamicin trough levels in term neonates
treated for >48h using extended dosing interval administration.
Our results confirm what previous studies have alluded to regarding
the poor yield of routine checking of gentamicin trough levels in
low risk neonates, defined as full term neonates with adequate
urine output, no clinical or laboratory evidence of renal impair-
ments and/or concomitant use of nephrotoxic drugs.**' Based on
our study we recommend monitoring gentamicin trough levels if
neonatal serum creatinine level is above the known normal ranges
for neonates and/or urine output is not adequate. On the other
hand, some of these neonates with high creatinine levels might not
need monitoring of gentamicin levels as serum creatinine in the
first week of neonatal life is mostly reflective of maternal serum
creatinine rather than neonatal kidney disease; however, it will be
difficult to distinguish between both in routine practice.

We propose an alternative paradigm in favor of a focused
approach of obtaining gentamicin trough levels only in the
presence of clinical or laboratory evidence of renal impairments or
concomitant use of nephrotoxic drugs. This will result in
significant cost savings, less blood work performed and reduced
nurse-tasking time.
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