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ABSTRACT

Background: Cerebral malaria (CM), a severe neurological complication of Plasmodium falciparum infection, remains a
major cause of morbidity and mortality in endemic regions. Despite global progress in diagnosis and treatment, CM continues
to pose a serious threat in low-resource urban settings such as Karachi, Pakistan, where high population density, inadequate
vector control, and delays in medical care increase the disease burden. Early recognition and effective management are crucial
to reducing fatal outcomes and long-term neurological sequelae.

Objective: The objective of this study was to assess the clinical presentations, complications, and outcomes of patients with
CM at Jinnah Postgraduate Medical Centre (JPMC), Karachi, and to identify predictors of poor prognosis.

Methods: A cross-sectional study was conducted over six months and included 71 patients diagnosed with CM and admitted
to Wards 5, 6, 7, and 23 of JPMC. Inclusion criteria required patients to be above 18 years with confirmed Plasmodium
falciparum positivity by peripheral blood smear or antigen test. Data were obtained from structured proformas, hospital
records, and ward registers. Information on demographics, presenting features, complications, laboratory investigations,
treatment received (intravenous fluids, artesunate, quinine), and outcomes was recorded. Statistical analysis was carried out
using SPSS; chi-square tests were applied to categorical variables, and independent-sample t-tests were used for continuous
variables, with significance set at p<0.05.

Results: Of the 71 patients, 50 (70%) were male and 21 (30%) female. The most affected age group was 21-30 years (37%),
followed by 18-20 years (25%). Clinical features included fever in 68 patients (95%), altered consciousness in 60 (85%), coma
in 53 (75%), weakness in 57 (80%), and seizures in 29 (41%). Complications recorded were hypoglycemia in 32 (45%), acute
kidney injury in 28 (40%), multi-organ failure in 14 (20%), neurological sequelae in 21 (30%), hepatic dysfunction in 7 (10%),
and sepsis in 15 (21%). All patients received intravenous fluids, while 60 (85%) were treated with artesunate and 11 (15%)
with quinine. Thirty-five (50%) required ICU admission, 18 (25%) needed mechanical ventilation, and 15 (21%) underwent
blood transfusion. In terms of outcomes, 50 (70%) recovered completely, 15 (21%) developed neurological sequelae, and 6
(9% died. Mortality was significantly associated with prolonged coma (p=0.02) and extended hospital stay (p=0.04).

Conclusion: The findings demonstrate that cerebral malaria in Karachi remains a critical public health issue with high rates
of complications and neurological sequelae despite standard treatment. Prolonged coma and multi-organ involvement were
strong predictors of poor prognosis. Timely diagnosis, prompt initiation of therapy, and improved critical care facilities are
essential to reducing mortality. Further research on adjunctive therapies is warranted to mitigate long-term neurological
damage.

Keywords: Acute Kidney Injury, Cerebral Malaria, Complications, Mortality, Neurological Sequelae, Prognosis, Plasmodium
falciparum.
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INTRODUCTION

Cerebral malaria (CM) remains one of the most severe complications of Plasmodium falciparum infection and is responsible for
significant mortality and long-term neurological disability worldwide. Despite the availability of effective anti-parasitic therapies, the
disease continues to claim lives and leaves many survivors with persistent neurocognitive impairments, particularly among children (1).
Although research over the last two decades has greatly improved the understanding of CM pathogenesis, important questions still
remain regarding the precise mechanisms underlying neurological injury and recovery (2). Emerging therapeutic approaches and early
disease detection strategies have been introduced to limit mortality and prevent long-term sequelae; however, delays in diagnosis and
treatment remain major barriers to successful outcomes (3). In endemic regions, such as Pakistan, CM poses an escalating challenge.
Karachi, one of the country’s largest and most densely populated cities, provides a highly favorable environment for Anopheles mosquito
breeding. Weaknesses in vector control programs, combined with urban overcrowding, have compounded the problem and strained the
city’s healthcare system, despite the routine use of rapid diagnostic testing and insecticide-treated nets (4,5).

Clinically, CM manifests with coma, seizures, neurological deficits, or multiorgan dysfunction, with complications such as
hypoglycaemia, acute renal failure, coagulopathy, and multiple organ failure contributing to high mortality rates (6). Even with early
initiation of antimalarial therapy, mortality remains unacceptably high, and survivors often face long-term neurological sequelae,
including cognitive impairment and motor dysfunction (7,8). While extensive literature is available from Sub-Saharan Africa and
Southeast Asia, there is limited evidence from South Asia, particularly Pakistan, where the disease burden is substantial but
underreported (9). Given this gap, the present study was designed to investigate the clinical manifestations, laboratory findings,
complications, and prognostic outcomes of CM among patients admitted to tertiary care hospitals in Karachi. In particular, it aimed to
assess treatment outcomes—including recovery, mortality, and neurological sequelac—under standard management protocols involving
intravenous fluids, artesunate, and quinine (10). By identifying predictors of poor outcomes, this research seeks to inform the
development of aggressive treatment strategies and timely interventions that may reduce mortality and improve the quality of life of CM
survivors in Pakistan (11).

METHODS

The study was designed as a cross-sectional analytical investigation conducted at Jinnah Postgraduate Medical Centre (JPMC), Karachi,
with the objective of determining the clinical profile and outcomes of patients presenting with cerebral malaria. The duration of the
study spanned six months and commenced following the formal approval of the Institutional Review Board (IRB). Ethical considerations
were strictly observed, and informed written consent was obtained from all participants or their legal attendants prior to inclusion in the
study. The sample size was calculated using the Raosoft sample size calculator, based on a 95% confidence level, a 5% margin of error,
and an estimated annual population of approximately 2,000 cases of malaria admitted across Wards 5, 6, 7, and 23 of JPMC. A response
rate of 5% was assumed, leading to a required sample size of 71 participants. Patients were recruited using a non-probability consecutive
sampling method. Inclusion criteria comprised patients above 18 years of age with a confirmed diagnosis of cerebral malaria according
to World Health Organization (WHO) guidelines (6), supported by either a positive Plasmodium falciparum antigen test or peripheral
blood smear, and requiring hospitalization at JPMC. Patients with coma attributable to other causes such as meningitis, hepatic
encephalopathy, or metabolic derangements, as well as those with incomplete or unavailable medical records, were excluded from the
study.

Data collection was performed using a structured proforma to ensure uniformity and completeness. Clinical parameters recorded
included fever, altered level of consciousness, seizures, focal neurological signs, and the duration of coma. Laboratory investigations
incorporated peripheral blood smear, rapid malaria antigen test, complete blood counts, serum glucose, renal and liver function tests,
coagulation profiles, and lumbar puncture where clinically indicated. Neuroimaging, including CT or MRI brain scans, was undertaken
when necessary to exclude differential diagnoses. Complications such as hypoglycaemia, acute renal failure, respiratory distress, shock,
seizures, and multi-organ dysfunction were monitored throughout hospitalization. Details of treatment interventions, including
administration of antimalarial drugs, admission to intensive care units, and mechanical ventilation, were systematically documented.
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Patient outcomes were categorized as complete recovery, survival with neurological sequelae, or death. Data were analyzed using the
latest version of SPSS. Continuous variables, such as patient age, duration of coma, and hospital stay, were expressed as means with
standard deviations. Categorical variables, including gender, presenting symptoms, complications, and outcomes, were represented as
frequencies and percentages. Associations between categorical variables were assessed using the chi-square test, while continuous
variables were compared using independent-sample t-tests. A p-value of less than 0.05 was considered statistically significant. The
analytical approach was aimed at identifying predictors of poor outcomes and examining correlations between clinical characteristics
and prognosis in cerebral malaria.

RESULTS

The study included a total of 71 patients diagnosed with cerebral malaria. Among these, the majority were male (70%), while females
accounted for 30%. The mean age of patients was concentrated in the younger age groups, with the largest proportion between 21-30
years (37%), followed by 25% aged 18—20 years, 21% aged 31-40 years, and 17% aged 41 years or older.

Clinical symptoms were frequent and severe. Fever was almost universal, present in 95% of cases, while altered consciousness was
observed in 85% of patients. Coma was recorded in 75%, weakness in 80%, and seizures in 41%. With respect to complications,
hypoglycaemia occurred in 45% of patients, acute kidney injury in 40%, neurological sequelae in 30%, sepsis in 21%, multi-organ
failure in 20%, and hepatic dysfunction in 10%. All patients received intravenous fluids as part of standard management. Antimalarial
therapy was predominantly artesunate, administered in 85% of cases, while 15% were treated with quinine. Supportive measures
included intensive care unit admission in 50% of patients, mechanical ventilation in 25%, and blood transfusion in 21%. In terms of
outcomes, 70% of patients achieved full recovery, 21% survived with neurological sequelae, and 9% succumbed to the disease.
Comparative analysis of continuous variables between survivors with full recovery and those who died revealed no significant difference
in mean age (p = 0.46). However, the duration of coma was significantly longer in patients who died (mean 15 + 4 hours) compared to
those who recovered (mean 10 £ 3 hours; p = 0.02). Similarly, the mean length of hospital stay was longer among non-survivors (10 +
3 days) than survivors (7 £ 2 days; p = 0.04). These findings demonstrated that both prolonged coma duration and extended hospital
stay were associated with poor prognosis in cerebral malaria.

Table 1: Demographic, Clinical Profile, and Outcomes of Cerebral Malaria Patients

Variable Frequency (n)  Percentage (%) Chi-Square p-value
Value

Gender Male 50 70 (%) 1.56 0.21
Female 21 30 (%)

Age Group 18-20 years 18 25.0 3.32 0.05
21-30 years 26 37.0
31-40 years 15 21.0
>41 years 12 17.0

Clinical Symptoms Fever 68 95 (%) 4.02 0.01
Seizures 29 41 (%)
Altered Consciousness 60 85 (%)
Coma 53 75 (%)
Weakness 57 80 (%)

Complications Acute Kidney Injury 28 40 (%) 4.60 0.03
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Variable Frequency (n)  Percentage (%) Chi-Square p-value
Value
Hepatic Dysfunction 7 10 (%)
Multi-organ Failure 14 20 (%)
Neurological Sequelae 21 30 (%)
Sepsis 15 21 (%)
Hypoglycemia 32 45 (%)
Treatment Parameters IV Fluids 71 100 (%) 341 0.30
Blood Transfusion 15 21 (%)
Mechanical Ventilation 18 25 (%)
ICU Admission 35 50 (%)
Artesunate 60 85 (%)
Quinine 11 15 (%)
Outcomes Full Recovery 50 70 (%) 4.16 0.04
Neurological Sequelae 15 21 (%)
Mortality 6 9 (%)

Table 2: Independent-Sample t-Test for Continuous Variables (Full Recovery vs Mortality)

Variable Full Recovery Group (Mean + Mortality Group (Mean + t-Statistic p-value
SD) SD)

Age (years) 30£8 32+7 0.75 0.46

Duration of Coma (hrs) 10+£3 15+4 2.33 0.02

Length of Hospital Stay (days) 7+2 10+3 2.14 0.04

Treatment Modalities and Outcomes in Cerebral Malaria

Percentage (%)

Figure I Treatment Modalities and Outcomes in Cerebral Malaria
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Clinical Symptoms and Complications of Cerebral Malaria Patients
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Figure 2 Clinical Symptoms and Complications of Cerebral Malaria Patients

DISCUSSION

This study expanded the understanding of the clinical spectrum of cerebral malaria and highlighted the diversity of its presentations,
complications, and outcomes in an urban tertiary care setting. The findings demonstrated that the burden of cerebral malaria remains
considerably high in densely populated areas such as Karachi, where inadequate vector control measures and delayed healthcare access
continue to exacerbate morbidity and mortality. The predominance of cases among younger adults, particularly in the 21-30 and 31-40
age groups, reinforced observations from earlier research that cerebral malaria tends to affect non-immune or partially immune
individuals living in endemic regions with high transmission rates (12). Although cerebral malaria in children has been extensively
documented in tropical countries, the results from this study indicated that adults, particularly the immunocompromised, are also at
significant risk, which underlines the vulnerability of wider age groups in endemic populations (13). The clinical manifestations
observed, including fever, altered consciousness, coma, and seizures, aligned with patterns commonly reported in the literature (14).
The relatively high frequency of seizures observed in this study underscored their significance as a critical complication, as seizures
have been consistently associated with adverse neurological outcomes and delayed cognitive recovery in cerebral malaria (15).
Complications such as acute kidney injury, multi-organ failure, and hypoglycaemia were prominent and strongly linked to poorer
prognoses, supporting previous findings that prolonged coma duration is a predictor of organ dysfunction and mortality (16). Notably,
hypoglycaemia affected nearly half of the patients, reaffirming its role as a critical determinant of outcome in severe malaria, influenced
both by the disease process and by certain treatment regimens (17).

Treatment data highlighted universal use of intravenous fluids, with artesunate as the predominant antimalarial, though some patients
received quinine. No significant differences in survival outcomes were observed between artesunate and quinine administration, which
echoed ongoing debates in the literature regarding comparative effectiveness, particularly in resource-constrained settings where drug
availability and supportive care vary widely (18,19). Half of the patients required intensive care unit admission, and one-quarter required
mechanical ventilation, reflecting the severity of clinical presentation and the burden placed on tertiary care facilities. Mortality was
highest among patients with multi-organ failure and prolonged coma, consistent with earlier observations that these are strong predictors
of poor outcome (20). Despite the high mortality risk, a substantial proportion of survivors achieved complete recovery, demonstrating
that early recognition, timely initiation of treatment, and aggressive supportive care can improve prognosis even in severe cases. The
implications of these findings are significant for both clinical practice and public health. The identification of delayed hospital
presentation, prolonged coma, and multi-organ dysfunction as poor prognostic indicators emphasizes the need for timely detection,
prompt initiation of therapy, and vigilant monitoring of warning signs. Early recognition of seizures and hypoglycaemia and their
immediate management are particularly important in reducing neurological sequelae and mortality (21). These results further suggest
that improved diagnostic capacity, wider availability of intensive care facilities, and strengthened vector control programs are essential
for reducing the burden of cerebral malaria in urban centers such as Karachi.
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This study carried several strengths. It provided locally relevant data from a large tertiary care center, filling an important knowledge
gap in South Asia where research on cerebral malaria has been relatively limited. It also employed standardized diagnostic and laboratory
protocols, allowing robust clinical characterization of patients. However, certain limitations must be acknowledged. The sample size of
71 patients, though adequate for preliminary analysis, was relatively small and may not capture the full spectrum of disease in the wider
population. The single-center design limited the generalizability of findings, as outcomes in rural or resource-poor settings may differ
substantially. Moreover, the study focused on short-term outcomes, without long-term follow-up of neurological sequelae, which
restricted understanding of the chronic impact of cerebral malaria on survivors. Future research should aim to include larger, multi-
center cohorts with extended follow-up to better evaluate long-term neurological and cognitive sequelae. Investigation into the role of
adjunctive therapies to mitigate neurological damage, as well as the development of context-specific treatment protocols for resource-
limited environments, would further strengthen the evidence base. Additionally, integration of molecular and imaging studies could
provide deeper insights into disease mechanisms and predictors of outcome. Overall, this study reinforced that cerebral malaria remains
a life-threatening condition with diverse clinical presentations and outcomes. Early diagnosis, timely treatment, and effective supportive
care emerged as crucial determinants of survival and recovery. The findings underscored the urgent need for improved healthcare
infrastructure, expanded critical care capacity, and strengthened preventive strategies in endemic regions to reduce the burden of this
preventable yet devastating disease.

CONCLUSION

This study concluded that cerebral malaria in Karachi remains a serious health challenge, particularly affecting younger non-immune
individuals who are vulnerable to its severe manifestations. Complications such as acute kidney injury, hypoglycaemia, and multi-organ
failure emerged as major contributors to poor outcomes, while prolonged coma and organ dysfunction were strong predictors of mortality
and long-term disability. Although many patients achieved full recovery with standard treatment and supportive care, a considerable
proportion sustained lasting neurological consequences, underscoring the enduring impact of the disease. These findings highlight the
critical importance of timely diagnosis, prompt initiation of effective therapy, and the provision of intensive supportive care to improve
survival and reduce long-term sequelae. The study also emphasized the need for further research into adjunctive therapies and improved
diagnostic strategies to address existing gaps in knowledge and optimize the management of cerebral malaria in high-burden urban
settings.
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