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Abstract

Neonatal and pediatric intensive care patients are among the most vulnerable populations, with high
mortality rates, particularly in developing countries. This study was conducted to determine mortality rates
and associated factors among ICU admissions at Zawia Medical Center, Libya. A retrospective cohort study
was conducted using ICU records from January to December 2024. All pediatric (29 days to 15 years) and
neonatal (<28 days) ICU admissions were included, except those with incomplete records. Data were collected,
cleaned, and analyzed using descriptive and inferential statistics (Chi-square, t-tests, ORs). A total of 262
ICU admissions were analyzed (neonates: 139; pediatric: 123). Overall mortality was 13%, significantly higher
among neonates (24.4%) than pediatric patients (2.9%). Leading causes of admission included respiratory
distress syndrome and neonatal jaundice in neonates, and pneumonia and diabetic ketoacidosis in pediatric
patients. Key mortality predictors included the need for ventilatory support (OR 280 for neonates), blood
transfusions (platelets OR 12.8, FFP OR 11.9), prematurity (OR 0.42), cesarean delivery (OR 4.25), and inter-
hospital referral (OR 16.3 in neonates). ICU mortality was high, particularly among neonates. Respiratory
failure, sepsis, and need for transfusions were major contributors. The study highlights the need for improved
referral processes, perinatal care, and the establishment of a national registry to standardize and enhance
neonatal and pediatric critical care in Libya.
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Introduction

Neonatal and Pediatric ICU cases represent two of the most critically ill and vulnerable populations in the
healthcare system, even when compared with other extremes of life [1]. Even for otherwise healthy children
and neonates, there is an inherent biological risk for infection, injury, and other acute events that would
increase their risk of requiring intensive care.

Intensive care in the pediatric and neonatal age groups represents a significant segment of the healthcare
expenditure, with pre-term and low birthweight accounting for more than half of that burden [2]. However,
neonatal and intensive care efforts have proven cost-effective [3]. Indeed, improving the outcomes and cost-
effectiveness of neonatal and pediatric intensive care units can be achieved mainly by increasing efforts in
preventing pre-term deliveries, as well as monitoring and improving intensive care quality and practices[2].
Quality improvement initiatives and practices have been shown to reduce NICU mortality rate, improve the
short- and long-term outcomes, and reduce the costs associated with admission and healthcare [4].

Even with standardized and agreed-upon standards for intensive care practices, variations between
mortality rates in NICUs still exist[5]. Furthermore, neonatal mortality in PICUS and NICUs is high
worldwide and even higher in developing countries[6]. There is no centralized national registry for mortality
rates among the critically ill neonates and pediatrics; however, such data is reported for individual tertiary
centers covering wide areas of Libya [7-11]. Those publications are a valuable source of information on
neonatal and pediatric mortality rates in PICUs and NICUs in the absence of a national dedicated registry.
Despite the critical need for comprehensive data, the fragmented nature of reporting presents a significant
challenge to understanding the true burden of neonatal and pediatric critical illness and mortality across
Libya. This lack of a unified national registry hinders effective resource allocation, policy development, and
targeted interventions aimed at improving outcomes for these vulnerable populations. Without a clear
national picture, identifying trends, evaluating the impact of healthcare initiatives, and benchmarking
against international standards remains exceptionally difficult. Therefore, while individual center reports
offer valuable insights into localized challenges and successes, their disparate nature underscores the
urgent need for a more cohesive and centralized data collection system to truly address the complexities of
neonatal and pediatric critical care in Libya.

Methods

This study used a retrospective cohort approach to examine the data in an intensive care unit in Zawia
Medical Center in the city of Zawia, Libya. As a tertiary hospital, the ICU in the pediatric department of
Zawia Medical Center admits both pediatric and neonatal admissions and also receives referrals from other
obstetric, neonatal, and pediatric hospitals. The data was extracted from the archives of the ICU department
of the admissions over 1 year (January-December 2024). The collected data covered the demographic
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characteristics, cause of admission, relevant clinical assessment details, interventions, and the outcome of
admission, i.e., survival or mortality. The two authors collected data using a case sheet specifically designed
for the aim of this study. This study comprised all the pediatric and neonatal ICU admissions during the
specified study period, excluding only the cases with incomplete medical records. The files included had no
missing data.

Data was uploaded to a spreadsheet through a Google Form with a private link only accessible by the two
authors. The data was then stored as an Excel sheet, cleaned, and coded. Statistical analysis was performed
using Jamovi for Windows (version 2.6.24). Descriptive statistics like frequencies and percentages were used
for the categorical variables, while means, standard deviations, medians, and interquartile ranges were used
for the continuous variables. Simple analytical methods were also used in this study, like Chi-square and
t-tests. A p-value < 0.05 was considered a statistically significant result.

Results

A total of 262 pediatric and neonatal admissions were recorded in the ICU at Zawia Medical Center between
January and December 2024. Neonates (<28 days) accounted for 47% (n = 139), while pediatric patients
(>28 days to 15 years) constituted 53% (n = 139). Referrals from external facilities represented 45.4% (n
=119) of admissions. The more common mode of transfer for neonates was from other clinics and hospitals
77.2% (n = 95), while most pediatric patients presented from home, 82.6% (n = 114), Figure 1.
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Figure 1 Modes of Transfer for the Two Age Groups

Demographic data are summarized in Table 1. The median age was 2 weeks (IQR: 1-4) for neonates and 24
months (IQR: 1-128 months) for pediatric patients. A male predominance was observed (56.9%, n = 149).
Key clinical characteristics at admission included: Primary diagnoses: The most common cause of admission
in the pediatric age group was pneumonia (n = 44, 31.7%), followed by (Diabetic Keto-Acidosis) DKA (n = 40,
28.8%), and the third cause was status epilepticus (n = 10, 7.2%). Other causes for admission accounted
for 5 admissions or fewer and are listed in Table 1.

Table 1 Causes of Admissions among the Pediatric Cases aged 28 days or more

Cause of Admission Frequency Percentage |
Pneumonia 44 31.65%
DKA 40 28.78%
Epilepsy 10 7.19%
Drug ingestion 6 4.32%
Bronchial asthma S 3.60%
Meningitis S 3.60%
Sepsis 4 2.88%
AGE 3 2.16%
Drowning 3 2.16%
UTI 3 2.16%
CHD 2 1.44%
Malaria 2 1.44%
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Encephalitis 2 1.44%
AFP 2 1.44%

ITP 1 0.72%
Scorpion Sting 1 0.72%
Emphysema 1 0.72%
Neonatal jaundice 1 0.72%
Pleural effusion 1 0.72%
Pneumothorax 1 0.72%
Tetanus neonatorum 1 0.72%

The pediatric cases had a different pattern for the cause of admission. The most common cause of admission
in the neonates was RDS 81.6% (n = 62), followed by neonatal jaundice 75.3% (n = 55), Necrotizing
Enterocolitis (NEC) was the third most common cause with 63% (n = 34) cases. The other causes of
admission are either individually presented or in combination with other causes are shown in Table 2.

Table 2. Causes of Admission for the Neonates (n = 123)

Cause of Admission Frequency Percentage

RDS 62 50.4%
Neonatal Jaundice 355 44.7%
NEC 34 27.6%
Sepsis 31 25.2%
AKI 15 12.2%

MSL 6 4.9%

TTN 4 3.3%

ELBW 1 0.8%

Mechanical ventilation was needed for 17.9% neonates (n = 22) and 9.3% pediatric patients (n = 13).
Continuous Positive Airway Pressure (CPAP) was used in 6.5% (n = 8) neonates and 2.2% (n = 3) pediatric
patients. Both breathing support methods were used in 7.3% (n = 9) neonates and 1.4% (n = 2) pediatric
patients. Platelet transfusion was done in 28.5% of the neonates (n = 35) and 5% of the pediatric patients
(n = 7). Fresh Frozen Plasma (FFP) was required in 16.3% of the neonates (n = 22) and 0.7% of the pediatric
cases only 1 patient. Packed RBCs were transfused to 22.8% of the neonates (n = 28), and 11.5% pediatric
cases (n= 16).

ICU admission period was significantly longer for the neonates (p < 0.01) with a mean ICU admission period
of 6 days (SD 5.4 days), while the pediatric cases had a mean hospitalization period of 4.12 days (SD 6.3
days). Figure 2.
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Figure 2 Mean ICU Admission Period for the Neonatal and Pediatric Cases

The Overall mortality was 13% (n = 34). Neonates had a significantly higher mortality rate 24.4% (n = 30),
and 2.9% (n = 4) (p < 0.001). 18.3% of the patients (n = 48) were discharged against medical advice, 51.5%
(n = 135) were discharged after completing the course of treatment and showing signs of recovery and
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improvement. Five patients (1.9%) were transferred to other hospitals for logistical reasons like a closer
address or the need for other medical interventions, like pediatric surgeries. Sepsis was the most common
cause of death in the neonates, which accounted for 71% of all neonatal mortalities (n =22). In the pediatric
patients, pneumonia was the most common cause of death, which accounted for 56.3% of all pediatric
mortalities (n= 9)

The most significant predictors of mortality were the need for ventilatory support (i.e., CPAP and/or MV) OR
280 [36.7 — 2144] (p < 0.0001) for the neonates. The risk was much lower -though statistically significant-
for the pediatric age group with OR 39.3 [9-171.4] (p < 0.0001), followed by the need for the transfusion of
any blood components (i.e., platelets, FFP, or packed RBCs), Table 3.

Table 3 Most Significant Predictors of Mortality among the study population
Blood Product Odds Ratio
Needed [Lower-Upper] p-value
Platelets 12.8 [5.94-27.6] < 0.001
FFP 11.9 [4.54-31.1] < 0.001
Packed RBCs 9.9 [4.68-20.9] < 0.001

Mode of delivery was also a significant predictor of mortality among the neonates. With cesarean section
being a very significant risk factor for mortality compared with Normal Vaginal Delivery (NVD) (p = 0.008)
OR 4.25 [1.37 - 13.2]. Prematurity was a significant predictor of mortality, OR 0.42 [0.182-0.972] (p = 0.04).
Cases referred from another hospital had a significantly higher risk of mortality compared to those that
presented from home both in the pediatric and neonatal cases OR 16.3 [4.48 - 55] (p < 0.001), again, the
risk was much lower, but still statistically significant for the pediatric age group OR = 4.2 [1.16 — 14] (p <
0.02).

Discussion

This study included 262 mixed intensive care units for pediatric and neonate patients (139 neonates and
123 children). The overall mortality rate was 13%, and it was significantly higher among the neonates 25.2%
compared with pediatric patients 11.5%. Pneumonia was the most common cause of pediatric admissions,
while RDS was the most common cause of neonatal admissions (50% vs. 31.65% respectively). Neonates
needed a significantly longer ICU stay (6 days vs. 4.12 days, p < 0.01). Mortality was significantly associated
with the need for ventilatory support and with transfusion of any blood component. Prematurity and
Cesarean section were very significant predictors of neonatal mortality.

The overall mortality rate (13%) and age-specific mortality rates (neonates: 25.2%, pediatric: 11.5%). This is
much higher than reported in studies in similar settings, for example, the study by Makhlouf et al[12]
reported 11.8% neonatal mortality rate. However, the pediatric mortality in this study was much lower than
the reported from Tripoli Elghadban et al[11] who reported a pediatric mortality of 22.7%. Mortality rate in
a dedicated PICU from Benghazi reported a mortality rate of 7.2%[13].

The study's findings are notably higher than some reported within the MENA region, as exemplified by
Mosbah al.'s study, which found a lower neonatal mortality rate of 11.7%. This discrepancy could be
attributed to several factors, including variations in healthcare infrastructure, access to specialized neonatal
care, and differing patient demographics or severity of illness. The contrasting finding with Elghadban et
al.'s study from Tripoli, which reported a higher pediatric mortality of 22.7%, highlights the heterogeneity of
healthcare outcomes even within the same country. This suggests that factors such as the specific hospital's
resources, quality of care, and patient referral patterns play a crucial role. The much lower mortality rate of
7.2% reported in a dedicated PICU from Benghazi further underscores this point. Dedicated, well-equipped
units, even within resource-constrained settings, can achieve outcomes closer to international benchmarks,
whereas the current study's higher rates may reflect the challenges faced by general or less-specialized
pediatric units.

When viewed through the lens of LMICs, the study's mortality rates are more aligned with the broader
challenges these countries face. The high neonatal mortality rate of 25.2% is particularly alarming and likely
reflects a combination of factors common in LMICs, such as insufficient staffing, limited access to advanced
respiratory support, inadequate infection control measures, and delayed presentation of critically ill
neonates[14]. These rates are often driven by preventable or treatable conditions that are not managed
effectively due to systemic limitations. The pediatric mortality rate, while lower than the neonatal rate, still
points to significant gaps in critical care provision compared to high-income countries. These findings
emphasize the urgent need for investment in critical care infrastructure, training for healthcare
professionals, and the implementation of evidence-based protocols to improve patient outcomes in these
settings.

Globally, these mortality rates are starkly contrasted with those in high-income countries, where
advancements in critical care medicine have dramatically reduced neonatal and pediatric mortality. The
PICU mortality rates reported in our study compare very closely with the data from dedicated PICUs in
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developed nations, overall mortality rates are typically in the single digits[15], with neonatal mortality rates
being significantly lower than the 25.2% reported here. The study's high mortality rates serve as a powerful
indicator of the global health equity gap[16]. They highlight the vulnerability of patients in settings with
limited resources and underscore the need for international collaborations and support to strengthen
healthcare systems in the MENA region and other LMICs[17]. Improving outcomes requires a multi-pronged
approach, including knowledge transfer, technological assistance, and strategic partnerships to build
sustainable critical care capacity[18].

The predominant causes of admission among pediatric patients were pneumonia. Pneumonia, the leading
cause of pediatric admissions (31.65%), is a frequent reason for intensive care admission in children
globally[19]. Globally, pneumonia and RDS were the most common causes for admission for the pediatric
and neonatal age groups, respectively. Similar results have been published from different settings and
resources[20], [21]. For example, a study for the PICU mortality rate from Yemen also found that most
common cause of admission was respiratory diseases, particularly pneumonia, which was also the most
common cause of death[16].

For the neonates RDS accounted for over 50% of neonatal admissions, is a recognized cause of morbidity
and mortality in neonates, particularly preterm infants[22]. The high proportion of admissions due to
conditions like DKA and neonatal jaundice also reflects the broad spectrum of critical illnesses managed
within this mixed ICU[23]. The ICU stay for neonates (mean 6 days) compared to pediatric patients (mean
4.12 days) in this study agrees perfectly with existing literature, as neonatal critical illnesses, especially
those related to prematurity or birth complications, often necessitate more prolonged and intensive care[24].
The need for ventilatory support (CPAP and/or mechanical ventilation) and mortality is a critical finding,
with an exceptionally high odds ratio (OR 280 for neonates and OR 39.3 for pediatric patients) indicating
that respiratory compromise requiring advanced support is a significant indicator of severe illness and poor
prognosis in this population. Similarly, the requirement for any blood component transfusion (FFP, packed
RBCs, or platelets) was also a highly significant predictor of mortality (all p < 0.001). requiring blood
transfusion of any blood component, especially RBCs, was shown to be associated with higher mortality and
ICU stay in multiple studies[25]. This highlights the severity of conditions leading to coagulopathy, anemia,
or other hematological issues in critically ill children and neonates. Requiring blood transfusion of any blood
component, especially RBCs, was shown to be associated with higher mortality and ICU stay in multiple
studies [25,26]. Although transfusion of blood products is a known independent risk-factor for morbidity
and mortality, the likelihood of needing transfusion of any blood product is associated with other factors,
like sepsis[27], which was relatively common in this study's cohort.

Specific risk factors for neonatal mortality provide further insight. The finding that Caesarean section was
a significant risk factor for neonatal mortality (OR 4.25) is noteworthy. While C-sections can be life-saving,
complications associated with them or underlying conditions necessitating them might contribute to higher
neonatal risk. Further investigation into the specific indications for C-section in these cases could provide
more clarity. Prematurity was also identified as a significant predictor of neonatal mortality (OR 0.42, p =
0.04). This finding is well-established in the literature, as preterm infants have underdeveloped organs and
are highly susceptible to complications[28].

Moreover, the significantly higher risk of mortality for patients referred from other hospitals, for both
neonates and pediatric cases, is concerning (OR 11.86 for neonates, OR 4.2 for pediatric). Transferring
critically ill patients from secondary and primary care centers to tertiary care centers have been shown that
higher mortality rates were associated with transferred cases. This was linked to a delay in transfer,
deterioration during transport, and the fact that only the most critically ill strata of the cases are referred to
tertiary centers[29]. The literature indicates critical vulnerabilities in the transfer process, not only during
patient transport, but also in the process of preparing the patient for transport [30], such factors included
inadequate pre-transfer preparations, and even the lack of transfer notes, in addition to the absence of
professional healthcare workers during transport[30]. Critically ill patients are vulnerable, and therefore
their transfer must be done after careful planning and consideration [31,32], and following a standard
sequence of steps starting with communicating with the target tertiary hospital [33]. This would minimize
the morbidity and mortality associated with transfer delays and confusion that follows the arrival of an
unexpected case.

Conclusion

The results of this study have several important implications for improving outcomes in the Zawia Medical
Center ICU and potentially for critical care in Libya. Identifying ventilatory support and blood transfusions
as major predictors of mortality highlights the need for continuous quality improvement initiatives focused
on respiratory management and judicious blood product utilization. Given that sepsis was the most common
cause of neonatal mortality (71%) and pneumonia for pediatric mortality (56.3%), targeted interventions for
early diagnosis, aggressive management, and prevention of these infections are paramount. The increased
mortality in referred cases suggests a need to assess pre-referral stabilization, transport protocols, and
communication between referring facilities and Zawia Medical Center. On a broader scale, this study
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underscores the urgent need for a unified national registry for neonatal and pediatric critical illness and
mortality in Libya. Such a registry would enable a clearer national picture of disease burden, facilitate trend
identification, allow for evaluation of healthcare initiatives, and permit benchmarking against international
standards, ultimately aiding in effective resource allocation and targeted interventions for these vulnerable
populations.
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