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Abstract: In this study, we assess healthcare providers” adherence to therapeutic drug monitoring
(TDM) guidelines for gentamicin in neonates. Conducted at the Maternity and Children’s Hospital
in Makkah, Saudi Arabia, from July 2020 to July 2022, it retrospectively analyzed the compliance of
healthcare workers in managing neonates treated with gentamicin. Covering 410 neonates, primarily
diagnosed with respiratory distress (56%) and sepsis (32%), the study revealed that while a majority
of trough and peak levels conformed to guidelines, substantial deviations were noted in cases
of respiratory distress. This underlines the necessity for targeted TDM strategies, particularly in
managing respiratory distress in neonates, to ensure optimal treatment efficacy and safety. The
findings urge stringent compliance with TDM guidelines, emphasizing personalized approaches in
neonatal gentamicin therapy for improved healthcare outcomes.
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1. Introduction

Gentamicin, a crucial aminoglycoside antibiotic, is extensively used in neonatal care
for its effectiveness against severe bacterial infections, particularly those caused by Gram-
negative bacteria [1]. This antibiotic is indispensable in treating neonates, a population
vulnerable to bacterial infections due to their immature immune systems. However, the
therapeutic efficacy of gentamicin is counterbalanced by its narrow therapeutic window,
demanding precise dosing to avoid potential nephrotoxicity and ototoxicity, which are
significant concerns among this group of patients [2,3].

The pharmacokinetics of gentamicin carries great challenges among neonates, which
is mainly due to the variability influenced by factors like renal immaturity, body weight,
and fluid volume changes [4]. Such variability requires personalized dosing for each pa-
tient to administer accurate dosing. The variability in gentamicin dosing and monitoring
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practices across neonatal units underscores the critical need for standardized dosing guide-
lines [5]. The need for standardized practice is crucial for optimizing therapeutic efficacy
and ensuring patient safety [6].

Therapeutic drug monitoring (TDM) is vital in neonatal care for the administration of
aminoglycosides, particularly gentamicin, due to the significant pharmacokinetic variability
in neonates. TDM enables standardized medication management, ensuring safety and
efficacy tailored to individual needs. Previous research emphasized the need for precise
gentamicin dosing in newborns to minimize adverse effects [1,2,7]. Dosing strategies based
on TDM and its practical application in neonatal intensive care were first introduced in
2005 [3] and tested in 2007 [4]. Valitalo et al. provided the first TDM dosing guidelines
and highlighted variations in gentamicin dosing and monitoring, further underlining the
importance of TDM in standardizing neonatal care practices [5].

In 2019, the Ministry of Health (MOH) in Saudi Arabia developed a standardized pro-
tocol for TDM monitoring of vancomycin and aminoglycosides in the pediatric and neonate
population [8]. The protocol advocates for monitoring of serum drug concentrations,
enabling tailored medication management that accounts for the unique pharmacokinetic
challenges in neonates, such as renal immaturity and fluctuating body weight. By following
this approach, the protocol aims to optimize the therapeutic efficacy of gentamicin and
plays a crucial role in minimizing risks of adverse drug reactions like nephrotoxicity and
ototoxicity. This aligns seamlessly with the objective of enhancing patient safety in neonatal
care, ensuring that the delicate balance between efficacy and safety is maintained in the
administration of this vital antibiotic. Adhering to TDM guidelines is essential to balance
these concerns, aiming to harness the therapeutic benefits of gentamicin while justifying its
associated risks [9].

Despite the critical importance of TDM in neonatal gentamicin therapy, studies indicate
a concerning discrepancy between the established guidelines and their actual implemen-
tation in clinical practice [10]. This gap raises questions in relation to the effectiveness of
current practices and their implications for patient outcomes.

The present study, conducted at the Maternity and Children’s Hospital in Makkah,
aims to evaluate the compliance of healthcare workers with the nationally established TDM
guidelines for gentamicin in neonates, focusing on key aspects such as dosing intervals,
serum concentration measurements, and dosage adjustments. Through this evaluation, the
study also aims to shed light on the importance of dose optimizations [11] of antibiotics
and to shed light on the real-world application of TDM protocols, to identify potential areas
in neonatal care where improvement is required [12,13].

This study carries a great and promising potential to enhance the understanding of
TDM practices for gentamicin therapy among neonates, which is a very essential step to
achieving optimum patient care and improved clinical outcomes.

2. Methods
2.1. Study Design and Setting

This retrospective study, undertaken at the Maternity and Children’s Hospital in
Makkah, Saudi Arabia, spanned from July 2020 to July 2022. It aimed to evaluate the
adherence of healthcare workers to the MOH therapeutic drug monitoring (TDM) 2019
guidelines for gentamicin among neonatal patients [8]. A retrospective design for this
study was selected to allow a comprehensive review of existing practices without the
need for intervention. The timeframe was chosen to encompass a significant period post-
implementation of healthcare guidelines, thereby providing a robust data set reflective of
the healthcare practices.

2.2. Participants

Inclusion Criteria: The study targets neonates who were administered gentamicin
therapy. Participants were aged from 1 day to 1 month. To be considered for inclusion,
neonates needed to have complete medical records that detail demographic data, precise
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information on gentamicin dosing, thorough therapeutic drug monitoring (TDM) data, and
documented clinical outcomes. This approach is designed to ensure a comprehensive eval-
uation of gentamicin’s impact within this age group, considering the necessary therapeutic
and outcome-related information.

Exclusion Criteria: Neonates were excluded from the study if they exhibited any renal
impairment, as gentamicin’s pharmacokinetics are significantly altered in such conditions,
and we did not wish to have any confounding factor that would shift the study away
from its main objective. Additionally, cases where gentamicin sampling errors occurred, or
where therapy was discontinued before the administration of a second dose, were omitted
to maintain data integrity. Incomplete medical records also warranted exclusion, ensuring
that the study’s findings were based on complete and accurate data sets, as per the Ministry
of Health guidelines. Consideration was also given to exclude neonates on medications that
could interact with gentamicin, or with pre-existing conditions such as liver dysfunction
or other congenital anomalies influencing gentamicin’s efficacy. These conditions might
influence the drug’s absorption, metabolism, or excretion, leading to atypical therapeutic
responses or adverse effects, which could skew the study’s results.

2.3. Study Procedure

At the Maternity and Children’s Hospital in Makkah, MCH, Saudi Arabia, a data
collection form was designed and used for all gentamicin prescribing and monitoring
activity on neonatal patients. The study duration for sample collection and consideration
was from July 2020 to July 2022. The following information was collected: file number,
age, gender, vital signs, indication, bacterial culture (type of infection), initial dose, trough
and peak levels, renal function tests as serum creatinine, blood urea nitrogen (BUN), liver
functions as AST, ALT, duration of hospitalization, and adverse drug reaction (ADR).
Creatinine clearance was obtained using the Schwartz formula CrCl = Kxht (cm) *88.4/SCr
(micromole/L), where height (ht) is patient height and K = 0.33. Creatinine clearance was
taken from the (CareWare) system.

The level of compliance with TDM guidelines for gentamicin in neonates was de-
termined by measuring the initial dose, trough and peak levels, hospitalization, and
adverse drug response (ADR). According to Saudi MOH regulation, the starting dose for
neonates and infants < 2 months of age is based on the gestational age and postnatal age
which is categorized as follows: the initial dose for neonates < 30 weeks is 5 (mg/kg)
g48h from 0-14 days; the dose for neonates <30 weeks is 5 (mg/kg) q36h after 14 days;
the initial dose for neonates between 30-34 weeks is 5 (mg/kg) q36h from 0-10 days;
the dose for neonates between 30-34 weeks is 5 (mg/kg) q36h after 10 days; the initial
dose for neonates > 35 weeks is 4 (mg/kg) q24h between 0-7 days; and the dose for
neonates > 35 weeks is 5 (mg/kg) q24h for more than 7 days.

A trough level should be acquired immediately prior to the administration of the
third dose, according to Saudi MOH policy, and after 30 min of the completion of the third
dosage infusion, the physician or pharmacist should attain a peak level. The gentamicin
target trough and peak were categorized based on the type of illness. In the case of a
serious illness, the target trough is less than 2 mg/L, and the target peak is between 6 and
8 mg/L. In the case of a serious illness, the target trough is less than 2 mg/L, and the target
peak is between 8 and 10 mg/L. In the case of a urinary tract infection, the target trough
is less than 2 mg/L, and the target peak is between 4 and 6 mg/m. In the case of synergy
against Gram-positive bacteria, the target trough is less than 2 mg/L, and the target peak is
between 3 and 5 mg/mL.

The next critical step was to guarantee that healthcare professionals followed TDM
guidelines based on the trough and peak results. For example, if the trough is 2 mg/L and
the peak is 3 to 10 mg/L, this indicates that the trough and peak are within the target. Thus,
the response here, according to the MOH protocol, is to continue the same regimen and
examine again in 3—4 days. When the trough is >2 mg/L and the peak is any result, the
trough is considered high. Thus, according to the MOH procedure, defer the next dose and
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retest the level in 24 h. If indeed the result is less than 2 mg/L, continue the regimen with a
less frequent interval (e.g., Q8 to Q12) and then reassess the trough and peak around the
third dose.

When the trough is less than 2 mg/L and the peak is greater than 10 mg/L, the
peak is considered high. Thus, according to the MOH’s TDM policy, the action here is to
reduce the dose by 25% and keep the same interval, and then reassess the trough and peak
around the third dose. Serum creatinine must be monitored every other day while being
on aminoglycoside therapy, and the CBC should be examined twice weekly.

Due to the prevalence of COVID-19, health precautionary protocols and procedures
were implemented inside the Maternity and Children’s Hospital in Makkah, Saudi Arabia
(including wearing a face mask, social distancing, and washing hands with soap, hand
disinfectant, and anti-bacterial alcohol gel, as well as spraying all tools and materials that
were used in the research with isopropyl alcohol 70 percent spray). When addressing
patients, the principal investigator and other data collectors were following all medical
cautious guidelines and procedures, ensuring that they and the participants were safe
throughout the data collecting phase, which lasted no more than 20-30 min.

2.4. Data Collection and Analysis

Data collection involved a retrospective review of electronic medical records. Key
data points included patient demographics, dosing information, TDM data (including
peak and trough serum concentration measurements), and clinical outcomes. The data
were specifically reviewed for compliance with dosing intervals, serum concentration
measurements, and adjustments based on TDM results, as these are crucial for effective
gentamicin therapy in neonates [14-17]. Descriptive statistics, including means, standard
deviations, and percentages, were utilized to summarize the demographic data, clinical
characteristics, and TDM parameters of the neonatal patients. Descriptive statistics were
used to analyze the data, and a Chi-square test was used for comparing categorical nominal
data. To assess the compliance of TDM parameters with the MOH guidelines, we compared
actual gentamicin dosing, trough and peak levels, and renal and hepatic profiles against
the expected values outlined in the guidelines. This comparison was conducted using
Chi-square tests for categorical variables and t-tests for continuous variables, allowing us
to evaluate the significance of deviations from the guidelines. The threshold for statistical
significance was set at a p-value of less than 0.05. All analyses were conducted using the
statistical software IBM SPSS v26.

2.5. Sample Size Estimation

Based on an estimation of a total of 1 million in-patient admissions at the MOH, SA
in the year 2019, which covers the number of neonates admitted to MOH hospitals and
who received gentamycin treatment [18,19], with a margin of error of 5% and a confidence
interval (CI) of 0.95, a sample size of 384 patients was required to accomplish the needed CI.

2.6. Therapeutic Drug Monitoring (TDM) Protocol

The TDM protocol adhered to the guidelines provided by the Saudi MOH [8]. It
emphasized the importance of accurate dosing and monitoring, given the variable pharma-
cokinetics of gentamicin in neonates, as outlined in previous studies [3,4,12]. The protocol
was designed to optimize gentamicin efficacy and minimize toxicity risks, a balancing act
that is crucial in neonatal care [17,20].

2.7. Adverse Drug Reaction Monitoring

For monitoring adverse drug reactions (ADRs), measuring creatinine clearance is
integral as it serves as a key indicator of nephrotoxicity. This is particularly crucial in
the context of gentamicin therapy, as gentamicin can impair renal function, especially
in vulnerable neonatal populations. Assessing creatinine clearance allows for the timely
identification of any detrimental impact on the kidneys. Concurrently, monitoring liver
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enzymes such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT) is
essential. These enzymes act as biomarkers for liver health, with elevated levels potentially
indicating hepatotoxic effects of the drug. By tracking these specific parameters, we aim
to promptly detect and manage organ-specific toxicities, thereby ensuring safer and more
effective use of gentamicin in neonates.

2.8. Ethical Considerations

Ethical approval for the study was secured from the MOH, ensuring that all research
activities followed ethical standards for research involving human subjects. Data confiden-
tiality and patient privacy were rigorously maintained throughout the study. IRB number:
H-02-K-076-0122-660.

3. Results

The study included a total of 410 neonates who received gentamicin therapy. The
results (Table 1) indicate that 54% were males. The gestational age was mostly term
neonates, comprising around 86% of the sample, with only 3% of the sample being very
premature patients, and 11% late preterm (premature). The main diagnosis for the included
patients was either respiratory distress syndrome 228 (56%) or sepsis 131 (32%) (Table 1).

Table 1. Demographics.

Variables N%
Gender
Male 221 (54%)
Female 189 (46%)
Total 410 (100%)
Gestational Age
>35 weeks 354 (86%)
30-34 weeks 45 (11%)
<30 weeks 11 (3%)
Total 410 (100%)
Diagnosis
Respiratory distress syndrome 228 (56%)
Sepsis 131 (32%)
Other 51 (12%)
Total 410 (100%)

For TDM parameters, the mean trough level was 1.2 mcg/mL =+ 1, while the mean
peak level was 4.5 mcg/mL =+ 3. Only 14% of the trough level lies out of the reference range
(RR), while only 5% of the peak level lies out of the reference range (RR). The mean value
of the initial dose was 4 mg Q48h + 0.7, 6 mg Q36h + 1, and 11 mg Q24h + 2.5 (Table 2).

Trough levels were within the recommended range (RR) 86.1% of the time, and peak lev-
els were even more compliant, with 95.1% within RR. Initial dosing for neonates > 35 weeks
was within RR in 94.4% of cases, slightly lower than the 96.6% adherence for neonates
between 30-34 weeks. Remarkably, initial dosing for neonates < 30 weeks showed a 100%
adherence to RR, suggesting an especially careful dosing approach for the most vulnerable,
very young neonates (Figure 1).
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Table 2. TDM parameters.

Variables Mean =+ SD Unit Reference Range N% Within RR N% Out of RR N%
Trough meg/mL 1.2 meg/mL £ 1 0-2 mcg/mL 353 (86.1%) 57 (13.9%)
Peak mcg/mL 4.5mcg/mL + 3 0-10 mcg/mL 390 (95.1%) 20 (4.9%)
Initial Dose mg/kg Mean =+ SD Unit Reference Range N% Within RR N% Out of RR N%
>35 weeks 11 mg Q24h + 2.5 5 mg/kg Q24h 334 (94.4%) 20 (5.6%)
30-34 weeks 6 mg Q36h + 1 5 mg/kg Q36h 43 (95.6%) 2 (4.4%)
<30 weeks 4 mg Q48h £ 0.7 5 mg/kg Q48h 11 (100%) None
Adherence to Recommended Gentamicin Dosing Ranges in Neonates
100%
90%
80%
70%
60%
50%
40%
30%
20%
10% .
0% [ [ [
Initial dose for Initial dose for Initial dose for
Trough Peak neonates > 35 neonates 30 — 34 neonates < 30
weeks weeks weeks
W Within RR 86% 95% 94.40% 96% 100%
H Out of RR 14% 5% 5.60% 4% 0%
Figure 1. Sample percentage in and out of the reference range.

The difference between the expected and actual trough levels was significant among
neonates who had respiratory distress p < 0.001, while it was not significant among neonates
who had sepsis and other diseases. No statistical difference was found in the peak level
across diseases. This might be due to physicians prescribing smaller doses so that the peak
value is not exceeded. Also, although the initial dose was statistically significantly different
between the expected and actual dose, p < 0.001, it is not of clinical significance (Table 3).
Table 3. Difference between expected and actual results for TDM parameters according to diagnosis.

Respiratory Distress Sepsis Others
Variable
Expected Actual p-Value Expected Actual p-Value Expected Actual p-Value
Trough 216.6 191 <0.001 216.6 218 0.670 216.6 216 0.855
Peak 124.5 124 0.856 124.45 128 0.154 124.45 127 0.306

Initial dose 48.5 38 <0.001 48.45 44 0.004 48.45 45 0.026

In Table 4, the results indicate a discrepancy in the TDM parameter for trough levels
in neonates at or above 35 weeks, with actual values at 299 compared to the expected
336.3, a variance with high statistical significance (p < 0.001). Conversely, for neonates
between 30-34 weeks, and those under 30 weeks, the actual and expected values for trough,
peak, and dose closely align, with p-values of 0.86423, 0.12381, and 0.44673, respectively,
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indicating no significant difference. Specifically, actual trough levels were 43 versus an
expected 42.75 for the 30-34 weeks group, and 11 compared to an expected 10.45 for the
under 30 weeks group.

Table 4. Difference between expected and actual results for TDM parameters according to gesta-

tional age.
>35 Weeks 30-34 Weeks <0 Weeks
Variable Expected Actual p-Value Expected Actual p-Value Expected Actual p-Value
Trough 336.3 299 <0.001 42.75 43 0.864 10.45 11 0.446
Peak 336.3 334 0.574 42.75 45 0.123 10.45 11 0.446
Dose 336.3 334 0.574 42.75 43 0.864 10.45 11 0.446
The mean value of alanine transaminase (ALT) was 41 U/L £ 33, with 92.5% of it
lying within the reference range (RR). Moreover, the mean value of aspartate transaminase
(AST) was 24 U/L =+ 16, with only 6.4% lying out of the reference range (RR). The mean
value of creatinine clearance was 54 mL/min & 17, and the results for 83.6% of participants
lie within the reference range (Table 5).
Table 5. Adverse drug reaction (ADR) and toxicity parameters.
Variables Mean = SD Unit Reference Range N% Within RR N% Out of RR N%
ALT (U/L) 41 433 14-84 379 (92.5%) 31 (7.5%)
AST (U/L) 24 + 16 8-33 384 (93.6%) 26 (6.4%)
Creatinine clearance (mL/min) 54 +17 40-100 343 (83.6%) 67 (16.4%)
Hospitalization (days) 21 +16 7-14 days 179 (43.7%) 231 (56.3%)

Table 6 highlights the adjustments made in study variables. The adherence to the
recommended trough levels was observed to be higher in males (89%) compared to females
(83%), and this adherence increased with gestational age, showing a 100% adherence in
neonates under 30 weeks. Similarly, peak level adherence was high across all demographics,
with perfect adherence in the 30-34 weeks and <30 weeks gestational age groups. The
initial dose adherence also showed a pattern of increased compliance with decreasing
gestational age. Regarding liver function tests, both ALT and AST levels were within the
reference range for a high percentage of neonates across all demographics, with a partic-
ularly high adherence in neonates with gestational ages of 30-34 weeks and <30 weeks.
Creatinine clearance (CrCl) levels varied significantly with gestational age, showing the
highest adherence (92%) in neonates > 35 weeks and a markedly lower adherence in the
30-34 weeks group (37.8%), while there was no normal CrCl in the <30 weeks gestational

age group.

Table 6. Adjustment of study variables according to different demographics.

Gender Gestational Age Disease
Normal . .
Variables Male Female >35 Weeks 30-34 Weeks <30 Weeks Respiratory Distress Sepsis Other
Syndrome
Normal 89% 83% 84.5% 95.6% 100% 84% 95% 75%
trough
N;;:;(al 94.2%  96.3% 94.3% 100% 100% 96% 98% 86%

Initial dose 96% 93% 94.4% 96% 100% 95% 97% 88%
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Table 6. Cont.

Gender Gestational Age Disease
Normal Resol D
Variables Male Female  >35 Weeks 30-34 Weeks <30 Weeks espiratory Distress Sepsis Other
Syndrome

Normal ) 30, 92.6% 91.3% 100% 100% 90% 96% 96%
ALT

Normal g4 600 92.6% 94.1% 91.1% 91% 94% 95% 92%
AST

Normal 0, 0, 0, 0, 0, 0, 0, 0,
CrCl 83.7%  83.6% 92% 37.8% 0% 94% 67% 80%

CrCl: creatinine clearance, ALT: alanine aminotransferase, AST: aspartate aminotransferase.

4. Discussion

The current study evaluated the adherence of healthcare workers to therapeutic drug
monitoring (TDM) guidelines for gentamicin among neonates at the Maternity and Chil-
dren’s Hospital in Makkah. Our findings revealed a mixed degree of compliance with the
guidelines. Most dosing intervals and serum concentration measurements were found
within the recommended reference range. However, a notable percentage of trough and
peak levels were outside the recommended range, particularly in neonates with respiratory
distress. These variations in TDM adherence echo the diverse outcomes reported in existing
literature, highlighting the complexity of gentamicin therapy in neonatal care.

Current findings of TDM adherence in neonates for gentamicin therapy are in align-
ment with multiple existing studies, illustrating a diverse range of outcomes and practices.
For instance, O’Connor et al. (2021) found that adherence to TDM guidelines does not signif-
icantly influence clinical outcomes in neonates with normal renal function [21]. In contrast,
Fonzo-Christe et al. (2014) reported improved clinical outcomes following adherence [22].

Ismail et al. (1997) reported that TDM adherence to gentamicin led to an improved
administration and shorter therapy duration in neonates [23]. Flint and Allegaert (2020),
however, noted that TDM guidelines in critically ill neonates often resulted in a substantial
proportion of subtherapeutic and supratherapeutic concentrations, indicating a need for
more individualized TDM strategies [24]. These studies collectively highlight the com-
plexity and necessity of tailored TDM in neonatal care, especially given the variability in
guideline adherence.

Our findings suggest a need for more robust implementation and monitoring of TDM
guidelines in neonatal gentamicin therapy. This suggestion is in alignment with ongoing
strategies to optimize the rational use of antibiotics through multidisciplinary programs
and various techniques [25].

The significance of the current investigation lies in its robust sample size and detailed
data analysis, offering comprehensive insights into TDM practices. However, the study
is not without limitations. Its retrospective nature, while beneficial in some respects,
limits the ability to establish causality between TDM compliance and clinical outcomes.
The study’s focus on a single healthcare facility may also limit the generalizability of the
findings to other settings. Furthermore, as with any study reliant on hospital records,
there is a potential for missing or incomplete data, which might affect the accuracy of the
conclusions drawn.

One limitation of our study is the lack of interprofessional involvement in the handling
of gentamicin, similar to the approach advocated by Schmid et al. in their 2023 study on
therapeutic drug monitoring of carbapenems [26]. They emphasized the improved ICU care
and guideline adherence resulting from interprofessional collaboration in drug monitoring.
This underscores the potential benefits of incorporating a multidisciplinary approach in
TDM for gentamicin in neonates, which may enhance guideline adherence and patient
care quality.
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This study opens several avenues for future research. Prospective studies are needed to
establish a causal relationship between TDM compliance and clinical outcomes in neonates.
Future studies should also explore the factors contributing to non-compliance with TDM
guidelines and discuss strategies to improve adherence.

Future research should also explore the impact of personalized TDM strategies tai-
lored to individual patient characteristics, such as gestational age and coexisting health
conditions, on the efficacy and safety of gentamicin therapy. Investigating the role of
advanced pharmacokinetic modeling and simulation tools in optimizing gentamicin dosing
in neonates could be another promising direction. Overall, these future research efforts
should aim not only to enhance the understanding of TDM in neonatal care but also
to directly translate into improved clinical practices and outcomes for this vulnerable
patient population.

5. Conclusions

The study’s findings highlight the critical need for more stringent adherence to TDM
guidelines in neonatal gentamicin therapy. Despite compliance in certain areas, the variabil-
ity in adherence, especially in cases of respiratory distress, calls for a more individualized
and careful approach to TDM in neonates. This research underscores the complexity of
optimizing gentamicin therapy and the importance of regular monitoring to ensure effi-
cacy and minimize risks, paving the way for enhanced patient care and improved clinical
outcomes in neonatal populations.
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