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Abstract

Drug utilization research was critical in assessing medication prescribing, use, and management.
This was particularly important in neonatal intensive care units, where evidence from clinical trials
was limited, and treatment decisions relied heavily on real-world practice. This study aimed to
analyze drug utilization patterns and evaluate prescribing practices using the WHO core indicators.
A cross-sectional, observational, and retrospective study was conducted in the Neonatal Intensive
Care Unit, Zawia, Libya, from September to December 2023. Data from neonates who received at
least one medication were collected, including demographic characteristics, clinical outcomes, and
prescribed drugs. Medications were categorized using the World Health Organization Anatomical
Therapeutic Chemical classification, and prescribing practices were evaluated using World Health
Organization core indicators. Of the 372 neonates admitted, 167 met the inclusion criteria. The
mean length of stay was 7.52 days, with a discharge rate of 55.7% and a mortality rate of 17.4%.
Neonatal sepsis (71.2%) and respiratory distress syndrome (50.3%) were the most prevalent
conditions. A total of 853 medications were prescribed, with anti-infective agents accounting for
68.2%. Gentamicin (98.2%) and ampicillin (96.4%) were the most frequently used medications. The
average number of drugs per neonate was 5.1, and 96.8% of prescribed drugs were listed in the
Libyan Essential Medicines List. The findings emphasized the importance of effective antibiotic
stewardship and strengthened infection control to prevent neonatal complications. Strategies such
as the active participation of clinical pharmacists and the implementation of therapeutic drug
monitoring were recommended to optimize medication use, enhance medication safety, and improve
treatment outcomes in neonatal intensive care units.
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Introduction

Drug utilization research is a fundamental tool for assessing prescribing patterns and promoting rational
medicine use within healthcare systems. It systematically analyzes how drugs are prescribed, dispensed,
and used. This generates essential evidence to identify inappropriate practices, optimize therapeutic
outcomes, and guide policy development. Such evaluations are particularly important in settings where real-
world data are needed to complement limited clinical evidence [1, 2].

Neonates admitted to neonatal intensive care units (NICUs) constitute one of the most vulnerable patient
populations. Their immature organ systems and rapidly changing physiology led to significant variability in
pharmacokinetics and pharmacodynamics, making drug response unpredictable. Consequently, dosing
regimens established for adults or older children cannot be directly applied. The lack of clinical trials in this
age group emphasizes the importance of evaluating real-world drug use to ensure safe and effective therapy
[3, 4]. This study was conducted to assess prescribing patterns and evaluate drug utilization in the NICU at
Zawia Medical Center, Zawia, Libya. It uses the WHO Anatomical Therapeutic Chemical (ATC) classification
and core prescribing indicators to analyze the types, frequency, and indications of prescribed medications.
National data in this domain are limited, and this research provides essential evidence to support rational
prescribing and inform policy decisions in neonatal pharmacotherapy within the Libyan context.

Methods

This cross-sectional, observational, and retrospective study was conducted in the NICU at Zawia Medical
Center, Zawia, Libya, from September to December 2023. The NICU, equipped with 30 beds and essential
medical equipment, admits only inborn neonates and provides continuous critical care through a
multidisciplinary team. Neonates included in the study were those admitted to the NICU and prescribed at
least one medication. Neonates receiving only fluids, parenteral nutrition, supplements (except ferrous
sulfate and phytonadione), blood products, oxygen, phototherapy, or vaccinations were excluded, along with
non-therapeutic agents such as IV solutions and certain electrolytes, in accordance with prior studies [5].
Data were extracted from medical records, including demographic details, mode of delivery, reasons for
admission, clinical outcomes (mortality and length of stay), laboratory findings, and medication
prescriptions to assess utilization patterns. Medications were classified using the WHO Anatomical
Therapeutic Chemical (ATC) system, and WHO core prescribing indicators were applied to evaluate
prescribing practices, including the average number of drugs per neonate, the percentages of antibiotics and
injections prescribed, and the proportion of drugs from the Libyan National Essential Medicines List. Data
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were analyzed using SPSS version 27 with descriptive statistics, and the study received ethical approval
from the Scientific Research Ethics Committee at the University of Tripoli (SREC/010/73).

Results

Demographic and clinical characteristics

Of the 372 neonates admitted to the NICU during the study period, 167 met the inclusion criteria, while 205
were excluded because they did not receive any medications. As shown in Table 1, males represented 59.3%,
and most neonates were full-term with normal birth weight. Cesarean section (C/S) was the predominant
mode of delivery. The mean length of hospital stay was 7.5 days (range 1-38). At discharge, 55.7% of
neonates were released in good condition, 17.4% died, 24.5% were discharged against medical advice
(DAMA), and 2.4% were transferred to other facilities. Preterm neonates accounted for a notable proportion
of admissions, with a small percentage born very preterm. Low and very low birth weight categories were
also represented among the admitted neonates.

Table 1: Demographic and clinical characteristics of neonates in the NICU at Zawia Medical Center

167
Total number of neonates N | %
Sex
Male 99 59.3%
Female 68 40.7%
Gestational age
Term (= 37 weeks) 96 S57.5%
Moderate to late preterm (32_36 weeks) 57 34.1%
Very preterm (28-31 weeks) 9 5.4%
Extremely preterm (< 28 weeks) S 3%
Birth weight
NBW > 2500 g 117 70%
LBW <2499 ¢g 39 23.4%
VLBW< 1500 g 8 4.8%
Extremely LBW < 1000 g 3 1.8%
Mode of delivery
NVD 59 35.3%
C/s 108 64.7%
Clinical outcome
Discharge 93 55.7%
Death 29 17.4%
DAMA 41 24.5%
Transfer 4 2.4%
Mean length of stay 7.52 Min 1, Max 38

Morbidities

Figure 1 presents the morbidities among the study neonates. Neonatal sepsis was the most common
morbidity (71.2%), followed by respiratory distress syndrome (RDs) (50.3%), neonatal jaundice (43.7%), and
prematurity (42.5%). Other notable conditions included low birth weight (29.9%), necrotizing enterocolitis
(NEC) (18.6%), meconium-stained liquor (MSL) (15%), cord around the neck (10.8%), hypoxic-ischemic
encephalopathy (7.8%), neonatal convulsions (7.8%), and infant of a diabetic mother (IDM) (6.6%).
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Figure 1. Morbidities observed in the neonatal intensive care unit at Zawia Medical Center
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Medications prescribed to neonates

Drugs classified according to the WHO-ATC system are presented in Table 2. A total of 853 medicines were
prescribed. Anti-infective agents were the largest group (68.2%), followed by drugs for the respiratory system
(12.3%) and other categories such as supplements (11.2%). Cardiovascular drugs represented 3.3%, nervous
system drugs 3.2%, and alimentary tract drugs 1.8%.

Table 2: Drugs used according to the WHO-ATC classification system in the neonatal intensive
care unit at Zawia Medical Center

Total
medicines WHO-ATC category
853 . Antl'— Respiratory Cardiovascular Nervous Alimentary Others
infective system system system tract
N 582 105 28 27 15 96
% 68.2% 12.3% 3.3% 3.2% 1.8% 11.2%

As shown in Table 3, among anti-infective agents, gentamicin (98.2%) and ampicillin (96.4%) were most
frequently used, followed by amikacin (50.9%), cefotaxime (42.5%), and metronidazole (25.1%). Respiratory
agents included surfactant (28.7%) and ipratropium bromide nebulizer (17.4%), while common
cardiovascular drugs were furosemide and adrenaline (6% each). In the nervous system, phenobarbitone
(9.6%) and caffeine citrate (4.8%) predominated. Other frequently used agents were omeprazole (9%),
hydrocortisone (9.6%), dexamethasone (5.4%), and various supplements (11.3%).

Table 3: Distribution of drugs used in the neonatal intensive care unit at Zawia Medical Center,
categorized according to WHO-ATC codes

Drug Category ATC code Name of drugs Neo(r;;\tes Frec(l;:;ncy
JO1GBO03 Gentamicin 164 98.2%
JO1CAO01 Ampicillin 161 96.4%
JO01GBO06 Amikacin 85 50.9%
J01DDO01 Cefotaxime 71 42.5%
JO1XDO1 Metronidazole 42 25.1%
Anti-infective JO1DHO02 Meropenem 30 18%
JO1MAO2 Ciprofloxacin 8 4.8%
J01DD02 Ceftazidime 8 4.8%
J01DB04 Cefazolin 6 3.6%
JO1XBO0O1 Colistin S 3%
JO1XAO01 Vancomycin 1 0.6%
JO2ACO1 Fluconazole 1 0.6%
RO7AA Surfactant 48 28.7%
Respiratory system RO3BBO1 Ipratropium bromide nebulizer 29 17.4%
RO7AA20 N/S Nebulizer 18 10.8%
RO3BBO1 Aminophylline 1 0.6%
) CO3CA01 Furosemide 10 6%
Car‘g’s"tﬁgmar CO1CA04 Dopamine 8 4.8%
CO1CA24 Adrenaline 10 6%
NO3AAO2 Phenobarbitone 16 9.6%
NO6BCO1 Caffeine citrate 8 4.8%
Nervous system ™ nn3p0o Phenytoin 2 1.2%
NO5SCDO08 Midazolam 1 0.6%
Alimentary tract A02BCO01 Omeprazole 15 9%
HO2ABO09 Hydrocortisone 16 9.6%
Endocrine system  ["H02AB02 Dexamethasone 9 5.4%
Others Supplement 96 S57.5%

Prescribing patterns according to WHO indicators
The average number of drugs prescribed per neonate was 5.1. Antibiotics were included in 68.2% of
prescriptions, and 80.9% of medications were administered by injection. Importantly, 96.8% of all prescribed
medicines were from the Libyan National Essential Medicines List (Table 4).
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Table 4: Prescribing patterns in the neonatal intensive care unit at Zawia Medical Center based
on WHO core indicators

WHO core indicators Value
Total number of drugs prescribed 853
Average number of drugs per neonate 3.1
Percentage of prescriptions with antibiotics 68.2%
Percentage of prescriptions with injection 80.9%
Percentage of drugs prescribed from the Libyan Essential Drug List 96.8%

Discussion

This study, along with a previously published work conducted at Aljala Maternity and Gynecology Hospital,
Tripoli, Libya [6], provides a comprehensive analysis of drug utilization patterns and morbidities in a NICU
in Libya, highlighting critical clinical and pharmacological trends. The findings in this study show that male
neonates made up 59.3% of NICU admissions. This male predominance has been observed in other studies,
possibly because male infants often have greater vulnerability to perinatal complications [6-13]. The C/S
rate was 64.7%, reflecting the higher likelihood of operative delivery in high-risk pregnancies. C/S is
commonly associated with neonatal complications requiring intensive care, and studies have shown that
neonates delivered by C/S have a significantly increased risk of NICU admission compared to vaginal delivery
[14]. The mortality rate was 17.4%, which is substantial, and 24.5% of neonates were DAMA. High DAMA
rates can compromise neonatal outcomes and are often linked with socioeconomic factors, inadequate
health literacy, or dissatisfaction with care [15]. Mortality of this magnitude demonstrates the need for
improved perinatal, obstetric, and neonatal care.

The elevated rate of neonatal sepsis (71.2%), where neonatal sepsis remains a leading cause of morbidity
and mortality, may be attributed to several risk factors such as prematurity, invasive procedures, and
limited infection control practices, common challenges in under-resourced healthcare systems [16, 17]. The
high proportion of anti-infective use observed in this study aligns with global findings [18]. Several factors
contribute to this pattern, with the primary contributing factor being the empirical initiation of broad-
spectrum antibiotics to treat suspected infections before pathogen identification. Although this approach is
often lifesaving and can reduce mortality, it also increases the risk of antibiotic overuse. Delays in obtaining
culture and sensitivity results further extend empirical therapy, particularly in the absence of rapid
diagnostic tools. In this study, although blood cultures were performed to identify causative pathogens, the
use of anti-infectives remained high, suggesting that antibiotics were frequently continued empirically
regardless of culture results. This practice likely stems from concerns about adverse outcomes in critically
ill neonates but highlights the pressing need for evidence-based antibiotic stewardship and stricter
adherence to culture-guided therapy.

Gentamicin and ampicillin were the main antibiotics prescribed, consistent with global findings on empirical
treatment of neonatal sepsis [7, 17-19]. They were administered to nearly all neonates; however, such
extensive use suggests potential overprescription. Overuse may contribute to antimicrobial resistance,
toxicity, and prolonged hospitalization. Moreover, gentamicin requires cautious dosing because of its
potential nephrotoxic and ototoxic effects. Although therapeutic drug monitoring (TDM) is recommended to
optimize therapy, it is not performed in this NICU, thereby increasing the risk of toxicity, particularly among
neonates aged 0-7 days who have immature renal function and reduced drug clearance. The risk is further
elevated in cases of hypoxic-ischemic encephalopathy (HIE), where impaired clearance enhances gentamicin
accumulation and toxicity potential [20, 21].

Of particular concern was the prescribing of narrow therapeutic index (NTI) drugs such as aminoglycosides
(e.g., gentamicin and amikacin), vancomycin, and certain anticonvulsants (e.g., phenobarbital) without
routine TDM. TDM is essential for NTI medications to ensure efficacy while preventing toxicity, especially in
neonates whose pharmacokinetics vary widely. The absence of TDM services can lead to suboptimal dosing
and increased risk of serious adverse outcomes. Establishing TDM as a standard practice in NICUs is critical
for safe and rational use of these high-risk medications [22]. The frequent use of respiratory medications
such as surfactant and nebulized bronchodilators correlates with the high incidence of respiratory distress
syndrome, particularly among preterm neonates. These findings are consistent with global data showing
increased respiratory complications in premature infants due to immature lungs [23].

The use of omeprazole in neonates with NEC raises safety and efficacy concerns, especially in preterm
infants. Due to immature liver and kidney function, neonates have prolonged drug clearance, increasing the
risk of adverse effects such as pneumonia and sepsis. Acid suppression may also predispose to NEC by
disrupting gut microbiota and natural defenses, with limited evidence supporting its benefit in this
population [24]. Guidelines from the American Academy of Pediatrics and NICE discourage routine
omeprazole use in neonates, recommending it only for clear indications such as severe GERD. Even in these
cases, it should be used cautiously, for the shortest duration, and with monitoring for adverse effects like
respiratory infections, NEC, and osteopenia [25].

The average number of drugs prescribed per neonate was 5.1, indicating a high level of polypharmacy. Such
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exposure increases the risk of adverse reactions, drug interactions, and dosing errors, especially in neonates
with immature renal and hepatic function, which significantly affects drug metabolism and clearance. When
compared with international reports, the average of 5.1 drugs per neonate was higher than in Portugal (3 in
2015), Italy (4 in 2016), China (3 in 2020), Ghana (2.6 in 2021), Bahrain (5 in 2021) and Pakistan (2.8 in
2018), but lower than in France (6.2 in 2019), India (5.7 in 2017) and the USA (9 in 2016). Despite the high
number of medications, 96.8% adherence to the Libyan Essential Medicines List reflects a positive trend
toward rational use. Injections were administered in 80.9% of cases, consistent with NICU practice, where
rapid and reliable drug delivery is often required. Interventions such as regular prescription auditing and
clinical pharmacist participation can help reduce inappropriate prescribing and promote rational drug use
[5, 18, 26-29].

Conclusion

Overall, these findings highlight the need for stronger antibiotic stewardship, improved infection control,
and better prenatal care to reduce neonatal complications. Regular prescription reviews, active clinical
pharmacist participation, and the introduction of therapeutic drug monitoring (TDM) services are crucial to
optimize antibiotic use, enhance safety, and improving treatment outcomes in NICUs.
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