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ABSTRACT
Keywords. Geographical and socioeconomic factors affect the incidence and outcomes of pneumonia,
Intensive Care Units, Critical which is a major cause of severe illness and mortality in children globally. There is a dearth of
Care Unit, Pediatric Pneumonia. information on the characteristics and consequences of severe pediatric pneumonia in Libya, a

growing upper-middle-income nation with a healthcare system with limited resources. The
purpose of this study was to describe the clinical characteristics, course of treatment, and results
of pediatric pneumonia patients hospitalized to an intensive care unit (ICU) in Libya. 139
consecutive pediatric patients (age <18 years) hospitalized to the intensive care unit at Zawia
Medical Center between January and December 2023 were the subject of a retrospective cohort
study. Patients were split into two groups: those with pneumonia (n = 48) and those without
(n =91). Study variables focused on the outcomes, clinical course, and demographics. The
main "severe outcomes" for the patients in this study were demand for mechanical ventilation
or fatality. The cohort's median age was 24 months (IQR: 0-88). For 48 patients (34.5%),
pneumonia was the main reason for admission. Patients with pneumonia exhibited a clear
seasonal peak in the winter and were substantially younger than those without pneumonia
(median age, 12.6 vs. 85.7 months, p < 0.001). The pneumonia group required more
mechanical ventilation (25% vs. 6.6%, p = 0.004) and had a significantly higher mortality rate
(20.8% vs. 6.6%, p = 0.012). younger age was the most significant risk factor for mortality,
with an average age of 12.6 months vs. 85.7 months for mortalities and survival cases,
respectively (p = 0.012). The presence of comorbidities (65.2% vs. 32.0%, p = 0.02) and a
positive C-reactive protein (CRP) level> 30 mg/L were substantially linked to the pneumonia
group, with worsening (p = 0.01). Pediatric pneumonia results in severe morbidity and high
mortality and is a significant cause of ICU admission. Important risk factors for poor outcomes
include younger age, elevated CRP, and underlying comorbidities. To improve patient
treatment and inform national standards, these findings emphasize the need for further
multicenter research, protocolized management, and improved seasonal planning.

Introduction

Pneumonia is one of the most common causes of ICU admissions and mortality across all age groups
(neonates, pediatrics, and adults) [1,2], and its management is becoming increasingly challenging despite
the continued developments in critical care medicine [3,4]. Indeed, multi-drug resistant (MDR) bacteria [5],
difficulty in identifying the causative organism [2], and inadequate infection control protocols in ICUs [6] are
what make preventing and treating this condition a particularly difficult task for critical care physicians.
Even though pneumonia is a leading infectious cause of ICU admission worldwide and for all age groups, it
does show great geographical variation across different geographical and socio-economic environments. The
literature shows moderate to strong evidence that climate affects the distribution and outcomes of
pneumonia admissions to ICUs [7] for example, Troung et al., 2023 [8] showed that cold waves increased
ICU admissions and mortality, and on the other hand, Hossain et al (2020 showed that increases in
temperature are positively correlated with hospitalization period [9]. Moreover, socioeconomic settings can
significantly impact the prevalence and outcomes of pneumonia in pediatric patients. The factors identified
include: maternal education [10], exposure to second-hand smoking [11], and household income [12].
However, the most significant factors impacting the incidence and outcomes of pneumonia among the
critically ill patients include infection control protocols and the causative organism. The impact of such
factors is particularly demonstrated by the higher incidence rate and poorer outcomes of pediatric
pneumonia in the critically ill patients in developing countries compared with developed countries [13].

In Libya, these factors combine uniquely compared with the neighboring countries. Libya is an Upper
Middle-Income Country (UMIC), but it is also a developing country with a poorly structured healthcare
system with significant resource limitations and discrepancies in the allotment of financial, logistic, and
human resources to different healthcare facilities [14,15]. Additionally, the absence of a unified registry for
PICUs, individual publications from the different healthcare facilities around the country, is the best
available alternative to providing data that can contribute to developing protocols, updating guidelines, and
national healthcare policies. This study aims to characterize the clinical profile, management, and outcomes
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of pediatric patients with pneumonia admitted to the ICU and to identify factors associated with clinical
deterioration and mortality.

Methods

This retrospective cohort study covered the period from January 2023 to December 2023, during which data
from 139 consecutive patients were obtained. Information was collected from the medical records of pediatric
patients hospitalized at the Pediatric Intensive Care Unit (ICU) of Zawia Medical Center. The study
population included all pediatric patients aged O to 18 years who were admitted to the ICU during the
specified study period.

The collected data included: demographic information (e.g., Sex, Age), admission details (e.g., Cause of
Admission, Comorbidities), clinical and laboratory results (e.g., CRP levels, Blood Culture results), ICU
course (e.g., Time to Deterioration, Respiratory Support), treatments (e.g., PLT, FFP, RBCs received), and
patient outcomes (e.g., Alive/Dead) are examples of important variables. Several concepts are defined
operationally for the sake of this analysis: “Clinical Deterioration Period” is defined as a documented period
of deterioration, a change to a higher level of respiratory support, or death; “Severe Outcome” is a composite
endpoint defined as either death or the need for mechanical ventilation; and “DAMA” refers to discharge
against medical advice. A “Pneumonia Case” is a patient with “Pneumonia” listed as the primary cause of
admission.

Descriptive statistics were first used. Continuous variables were examined for normality and summarized
as mean (+ standard deviation) or median (interquartile range), while categorical variables were displayed as
frequencies and percentages. The cohort was split into two groups for comparison analysis: individuals with
pneumonia and those without. Chi-square or Fisher’s exact tests for categorical variables and Student’s t-
tests or Mann-Whitney U tests for continuous variables were used for group comparisons. Particularly within
the pneumonia group, a subgroup analysis was carried out to compare survivors with non-survivors and
those who needed mechanical ventilation with those who did not. In order to find independent predictors
while accounting for potential confounders like age and comorbidities, univariate analysis first identified
variables linked to severe outcomes. Variables with a p-value of less than 0.1 were then taken into
consideration for inclusion in a multivariate logistic regression model. A p-value of less than 0.05 is
considered statistically significant, and all analyses were performed using SPSS for Windows.

The local Institutional Review Board (IRB) or Ethics Committee approved this study protocol. Since the study
is retrospective and makes use of previously collected, anonymized data, informed consent is anticipated to
be exempt. By using serial numbers and making sure all data is saved securely, patient confidentiality was
strictly upheld.

Results

A total of 139 consecutive pediatric patients who were hospitalized in the intensive care unit during the
study period were examined. 54.7% (n=76) of the patients were male, and their median age was 24 months
(IQR: 0-88 months). For 34.5% (n=48) of the group, pneumonia was the main reason for admission. After
admission, the median time to clinical deterioration was three days (IQR: one to four days). Admissions
showed a distinct temporal pattern. The number of pneumonia cases increased significantly over the winter,
peaking in January and February. Admissions for other reasons, on the other hand, exhibited a different
trend; they were more common in the middle of the year and stayed mostly constant with no discernible
seasonal surges (p < 0.001) (Figure 1).
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Figure 1. Monthly distribution of pneumonia versus other causes of admission, showing a clear peak in
pneumonia cases during January and February, while other causes were more common mid-year

The overall mortality rate was 11.5% (n = 16), and the composite rate of severe outcomes (mortality or need
for mechanical ventilation) was 13% (n = 18) (Figure 2).
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Figure 2. The duration of treatment differed between patients with pneumonia compared with
those who were admitted for other causes

Patients admitted with pneumonia (n = 48) and those admitted for other reasons (n = 87) were compared.
With a median age of 12.6 months as opposed to 85.7 months in the non-pneumonia group (p < 0.001),
patients in the pneumonia group were noticeably younger (Figure 3).
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Figure 3. Difference in age distribution between the pneumonia patients and the patients
admitted for other causes (p < 0.001)

The pneumonia group had a higher death rate (20.8% vs. 6.6%, p=0.012) and a considerably higher demand
for mechanical ventilation (25% vs. 6.6%, p<0.004) (OR = 3.8, CI:1.6-13.6). The distribution of sexes and
the frequency of positive blood culture results did not differ significantly between the groups (Figure 4).
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Figure 4. The need for respiratory support (CPAP, MV, or both) is compared between pneumonia
patients and patients admitted for other reasons
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A univariate analysis was conducted within the pneumonia sub-cohort (n=48) to determine the factors linked
to the severe outcome composite endpoint. Compared to patients who did not have a catastrophic result,
and were more likely to have a comorbidity (65.2% vs. 32.0%, p=0.02). Compared to patients treated for
other reasons, those admitted with pneumonia were much more likely to have an elevated CRP level (Odds
Ratio [OR] = 16.50, 95% Confidence Interval [CI]: 6.23 to 43.73) (Table 1). Pneumonia patients had a
significantly higher mortality rate compared with cases with other admissions. With a 20.8% mortality
among the cases with pneumonia and only 6.6% among patients with other causes (p =0.012, OR: 3.2 CI).
Mortality was significantly associated with age, with the average age of the patients who died 12.6 months
vs. 85.7 months for the patients who survived (p < 0.001).

Table 0-1. Comparison of Pneumonia vs. Non-Pneumonia Patients

Characteristic Pneumonia (n=48) | Non-Pneumonia (n=91) | p-value

Age (months) (mean) 12.6 85.7 <0.001
Sex (Male), n (%) 26 (54.2%) 55 (60.4%) 0.48

Severe Outcome, n (%) 23 (47.9%) 17 (18.7%) <0.001

Positive CRP (> 30 mg/L) 75% 6.8% <0.001

Discussion

With an emphasis on pneumonia, this retrospective cohort study offers a thorough examination of the
clinical characteristics, treatment, and results of children patients admitted to a Libyan intensive care unit.
In comparison to other causes of ICU admission, our findings demonstrate the substantial burden of
pediatric pneumonia, characterizing it as a disease primarily affecting very young children and associated
with a significantly higher risk of severe outcomes, including mechanical ventilation and death. The severity
of pneumonia in our cohort is the study's most notable finding. Over one-third (34.5%) of all pediatric ICU
patients had pneumonia as their primary admission diagnosis, highlighting pneumonia's position as a major
cause of severe disease in children in this area. More alarmingly, compared to children admitted for other
causes, children with pneumonia had a four-fold higher fatality rate (20.8% vs. 6.6%) and were almost four
times more likely to need mechanical ventilation (25% vs. 6.6%). This is consistent with evidence from
around the world showing pneumonia to be a significant cause of pediatric death, especially in
underdeveloped countries [16]. However, compared to many studies from high-income nations, our study's
mortality rate is noticeably higher, which probably reflects the particular difficulties Libya's healthcare
system faces, such as resource constraints and disparities in healthcare allocation, as previously
mentioned.[14].

With a median age of only 12.6 months, our data showed that pediatric pneumonia patients in our intensive
care unit were noticeably younger. This is in line with the accepted epidemiological profile of pneumonia,
which shows that young children and newborns are particularly susceptible because of their smaller airways
and underdeveloped immune systems [17,18]. For this high-risk age range in the Libyan setting, this
demographic profile emphasizes the vital significance of maternal education, immunization programs, and
focused public health initiatives [19].

Finding variables linked to poor outcomes, particularly in the pneumonia group, was one of our study's
main goals. The existence of a comorbidity and a high CRP level at the time of clinical deterioration were
found to be two significant predictors of the severe outcome composite endpoint (death or mechanical
ventilation) in our univariate analysis. Given that underlying medical problems such as congenital heart
disease, malnutrition, or chronic lung illness are known to impair a child's capacity to fight off serious
infection, the correlation with comorbidities is anticipated [20]. The substantial correlation between
pneumonia and high CRP supports the use of CRP as a useful biomarker for systemic inflammation and
disease severity in juvenile pneumonia [21]. The use of CRP as a helpful biomarker for systemic inflammation
and disease severity in pediatric pneumonia is supported by the strong association between pneumonia and
elevated CRP [22]. Additionally, our research revealed a strong seasonal pattern in pneumonia admissions,
peaking in the winter months of January and February. This result is in line with international research
showing how climate variables, including cold waves, affect the frequency and intensity of respiratory
diseases.[23]. This seasonal pattern indicates a need for increased readiness throughout the winter, which
has significant implications for staffing and resource planning in the PICU.

Pneumonia accounted for the largest proportion of deaths in the cohort. Of the 16 total deaths, 10 (62.5%)
occurred among patients with pneumonia. Among the 48 pneumonia admissions, 10 patients died,
corresponding to a mortality rate of 20.8%. Thus, pneumonia was both the most common admission
diagnosis and the leading cause of mortality in the cohort. This is a very common finding reported in the
literature across multiple settings[24]. The average age of patients with pneumonia (12.6 months) was
significantly lower than that of patients admitted for other causes (85.7 months), and the average age at
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mortality was also much lower than that of surviving patients. Age is a known risk factor for pneumonia
and pneumonia-related mortality, especially among infants[25,26], which is attributed to their immature
immune system, MDR nature of pneumonia, and restrictions in antibiotic doses for younger children[27].
This study has a number of limitations that need to be acknowledged. First off, the results can't be applied
to other PICUs in Libya or other regions due to the retrospective and single-center design. The statistical
ability to find additional possible risk factors in the multivariate analysis may have been constrained by the
very small sample size, especially within the pneumonia subgroup (n=48). Second, inconsistent data
documentation might have resulted from the dependence on medical records. Most importantly, the study
failed to identify the causal bacteria in the majority of pneumonia patients, which is a significant knowledge
gap but a frequent problem in clinical practice. For the purpose of directing empirical antibiotic therapy and
infection control procedures, it is crucial to comprehend the local prevalence of bacterial and viral
pathogens, particularly multidrug-resistant (MDR) species.

Conclusion

This study demonstrates that, in comparison to other diseases, pediatric pneumonia is a common and
serious illness in our intensive care unit (ICU), accounting for a disproportionately high rate of mortality
and the need for mechanical ventilation. The condition mostly affects infants and young children, and the
existence of underlying comorbidities and an increased inflammatory response, as shown by raised CRP
values, greatly impairs clinical outcomes. A crucial chance for preemptive resource planning is presented
by the obvious seasonal surge in winter admissions. The results herein highlight the critical need for
standardized, evidence-based management guidelines for severe pediatric pneumonia. Future initiatives
must concentrate on strengthening the PICU's winter readiness, putting strict infection control procedures
in place, and giving high-risk populations priority. Prospective multi-center investigations are crucial to
filling in the highlighted knowledge gaps, especially with regard to causing microorganisms and antibiotic
resistance. In order to improve the quality of care and clinical outcomes for critically sick children with
pneumonia, specific national guidelines will be developed based on this research.
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