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1. Introduction 

Malaria, a life-threatening disease caused by 

Plasmodium parasites transmitted through the bite of 

infected female Anopheles mosquitoes, continues to 

pose a significant global health challenge. In 2022 

alone, there were an estimated 249 million cases and 

619,000 deaths attributed to malaria, primarily 

affecting sub-Saharan Africa. The severity of malaria 

can range from uncomplicated to severe, with the 

latter encompassing various life-threatening 

complications, including pulmonary malaria. 

Pulmonary malaria, a severe manifestation of malaria 

that affects the lungs, is characterized by the 

sequestration of parasitized red blood cells in the 

pulmonary microvasculature. This sequestration 

leads to a cascade of pathological events, including 

inflammation, endothelial dysfunction, and alveolar-

capillary leakage, ultimately culminating in acute 

respiratory distress syndrome (ARDS). ARDS, a life-

threatening condition characterized by hypoxemia and 

respiratory failure, significantly contributes to the 

high mortality rates associated with pulmonary 

malaria, which can range from 20% to 80%. 

Antimalarial therapy is the primary treatment 

modality for pulmonary malaria, aiming to eliminate 

the Plasmodium parasites and prevent further 

progression of the disease. Several different 

antimalarial regimens are available, each with varying 
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A B S T R A C T  

Background: Pulmonary malaria, a severe form of malaria that affects the 

lungs, is associated with high mortality rates. Antimalarial therapy is the 
cornerstone of treatment, but the optimal regimen remains a subject of 
debate. This meta-analysis aimed to evaluate the efficacy of different 
antimalarial therapies in the treatment of pulmonary malaria. Methods: A 

systematic search of electronic databases (PubMed, Embase, Cochrane 
Library, and Web of Science) was conducted to identify randomized 
controlled trials (RCTs) comparing different antimalarial therapies for 
pulmonary malaria. The primary outcome was mortality. Secondary 

outcomes included parasite clearance time, respiratory distress resolution, 
and length of hospital stay. Pooled risk ratios (RRs) with 95% confidence 
intervals (CIs) were calculated using a random-effects model. Results: Seven 
RCTs met the inclusion criteria, enrolling a total of 1,245 patients with 

pulmonary malaria. The studies compared various antimalarial regimens, 
including artemisinin-based combination therapy (ACT), quinine, and 
artesunate. The meta-analysis showed that ACT was associated with a 
significantly lower risk of mortality compared to quinine (RR 0.67, 95% CI 

0.52-0.86, p = 0.002). There was no significant difference in mortality 
between ACT and artesunate (RR 0.92, 95% CI 0.75-1.13, p = 0.43). ACT was 
also associated with a faster parasite clearance time and quicker resolution 
of respiratory distress compared to quinine. Conclusion: ACT is an effective 

treatment for pulmonary malaria, associated with reduced mortality and 
improved clinical outcomes compared to quinine. There was no significant 
difference in efficacy between ACT and artesunate. These findings support 
the use of ACT as the preferred antimalarial regimen for patients with 

pulmonary malaria. 
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mechanisms of action, efficacy, and safety profiles. 

Among these, artemisinin-based combination therapy 

(ACT), quinine, and artesunate are the most 

commonly employed regimens for the treatment of 

pulmonary malaria.1-4 

ACT, a combination of an artemisinin derivative 

and a longer-acting antimalarial drug, is 

recommended by the World Health Organization 

(WHO) as the first-line treatment for uncomplicated 

malaria in most endemic areas. The artemisinin 

component rapidly eliminates parasites, while the 

partner drug provides a longer duration of action, 

preventing recrudescence. ACT has demonstrated 

high efficacy and tolerability in the treatment of 

uncomplicated malaria, leading to its widespread 

adoption as the preferred regimen. Quinine, an 

alkaloid derived from the bark of the cinchona tree, 

has been used for centuries to treat malaria. However, 

its use has declined in recent years due to concerns 

about its toxicity, including cinchonism (a syndrome 

characterized by tinnitus, headache, nausea, and 

visual disturbances) and hypoglycemia. Additionally, 

the emergence of drug resistance has further limited 

the utility of quinine in malaria treatment. Artesunate, 

a water-soluble derivative of artemisinin, is a rapidly 

acting antimalarial that is effective against both 

uncomplicated and severe malaria. It is often used as 

an alternative to ACT in cases of suspected 

artemisinin resistance or when ACT is not available. 

Artesunate has a short half-life, requiring multiple 

doses to achieve parasite clearance.5-7 

Despite the availability of various antimalarial 

therapies, the optimal regimen for the treatment of 

pulmonary malaria remains a subject of debate. 

Several randomized controlled trials (RCTs) have 

compared different antimalarial therapies for 

pulmonary malaria, but the results have been 

inconsistent, and no consensus has been reached. 

This lack of clarity underscores the need for a 

comprehensive evaluation of the available evidence to 

inform evidence-based treatment recommendations. 

Meta-analysis, a statistical technique that combines 

the results of multiple independent studies, offers a 

powerful tool for synthesizing evidence and addressing 

uncertainties in clinical research. By pooling data 

from multiple RCTs, meta-analysis can provide more 

precise estimates of treatment effects and enhance the 

statistical power to detect differences between 

interventions. This approach is particularly valuable 

when individual studies have small sample sizes or 

conflicting results.8-10 This meta-analysis aimed to 

evaluate the efficacy of different antimalarial therapies 

in the treatment of pulmonary malaria by pooling the 

results of available RCTs. 

 

2. Methods 

This meta-analysis was conducted in accordance 

with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. The 

PRISMA guidelines provide a comprehensive 

framework for reporting systematic reviews and meta-

analyses, ensuring transparency and completeness in 

the reporting of research findings. A systematic search 

of electronic databases was conducted to identify 

relevant studies comparing different antimalarial 

therapies for pulmonary malaria. The following 

databases were included in the search; PubMed: A 

comprehensive database of biomedical literature, 

including MEDLINE, PMC, and other life science 

journals; Embase: A biomedical and pharmacological 

database indexing journals, conference abstracts, and 

other sources; Cochrane Library: A collection of 

databases containing high-quality evidence for 

healthcare decision-making, including the Cochrane 

Database of Systematic Reviews; Web of Science: A 

multidisciplinary database indexing journals, 

conference proceedings, and other scholarly literature. 

The search was limited to studies published in English 

between 2013 and 2024 to capture the most recent 

and relevant evidence. The following search terms 

were used, with appropriate adaptations for each 

database; "pulmonary malaria"; "malaria-associated 

ARDS"; "antimalarial therapy"; "artemisinin-based 

combination therapy"; "quinine"; "artesunate"; 

"randomized controlled trial"; "clinical trial". These 

search terms were carefully selected to capture 
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studies relevant to the research question, focusing on 

the specific interventions and outcomes of interest. 

Studies were included in the meta-analysis if they 

met the following criteria; Randomized controlled trial 

(RCT) design: Only RCTs were included to minimize 

the risk of bias and ensure the highest level of 

evidence; Comparison of different antimalarial 

therapies for pulmonary malaria: Studies must have 

compared at least two different antimalarial regimens 

in the treatment of pulmonary malaria; Inclusion of 

patients of all ages: Studies were not restricted based 

on patient age to ensure the generalizability of the 

findings; Reporting of mortality data: Mortality was the 

primary outcome of interest, and studies must have 

reported mortality data to be included in the analysis; 

Publication in English between 2013 and 2024: 

Studies must have been published in English within 

the specified timeframe to ensure the inclusion of 

recent and relevant evidence. Studies were excluded 

from the meta-analysis if they met any of the following 

criteria; Non-randomized studies: Non-randomized 

studies were excluded due to the higher risk of bias 

compared to RCTs; Studies that did not include a 

comparison group: Studies without a comparison 

group were excluded as they did not allow for the 

evaluation of the relative efficacy of different 

interventions; Studies that did not report mortality 

data: Studies not reporting mortality data were 

excluded as they could not contribute to the primary 

outcome analysis; Studies published in languages 

other than English: Studies published in languages 

other than English were excluded due to resource 

constraints. These inclusion and exclusion criteria 

were established to ensure the selection of studies that 

were relevant to the research question, 

methodologically sound, and provided sufficient data 

for the meta-analysis. 

Two reviewers independently extracted data from 

the included studies using a standardized data 

extraction form. The following data were extracted; 

Study characteristics: Author, year of publication, 

study design, sample size, patient characteristics (age, 

sex, disease severity); Intervention and comparison 

groups: Specific antimalarial regimens used in each 

group, including drug dosage and route of 

administration; Outcomes: Mortality, parasite 

clearance time, respiratory distress resolution, length 

of hospital stay; Risk of bias assessment: Assessment 

of the risk of bias in each included study using the 

Cochrane Risk of Bias tool. The Cochrane Risk of Bias 

tool is a widely used tool for assessing the risk of bias 

in RCTs. It assesses the risk of bias in the following 

domains; Random sequence generation: The process 

used to generate the allocation sequence, ensuring 

that each participant has an equal chance of being 

assigned to any of the intervention groups; Allocation 

concealment: The process used to conceal the 

allocation sequence from participants and 

researchers, preventing selection bias; Blinding of 

participants and personnel: Whether participants and 

personnel were blinded to the intervention 

assignment, preventing performance bias; Blinding of 

outcome assessment: Whether outcome assessors 

were blinded to the intervention assignment, 

preventing detection bias; Incomplete outcome data: 

The extent of missing outcome data and the methods 

used to handle missing data, preventing attrition bias; 

Selective reporting: Whether the study reported all 

pre-specified outcomes, preventing reporting bias; 

Other bias: Any other potential sources of bias, such 

as funding bias or publication bias. The risk of bias 

assessment was used to evaluate the methodological 

quality of the included studies and to identify potential 

sources of bias that could affect the reliability of the 

meta-analysis findings. 

The meta-analysis was conducted using Review 

Manager software (version 5.4). The primary outcome, 

mortality, was analyzed using a random-effects model 

to account for the potential heterogeneity between 

studies. The random-effects model assumes that the 

true effect size varies between studies, providing a 

more conservative estimate of the overall effect size 

compared to the fixed-effects model. Pooled risk ratios 

(RRs) with 95% confidence intervals (CIs) were 

calculated to compare the risk of mortality between 

different antimalarial therapies. The RR is a measure 
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of the relative risk of an event occurring in one group 

compared to another group. A RR of less than 1 

indicates a lower risk in the intervention group 

compared to the comparison group, while a RR of 

greater than 1 indicates a higher risk. Heterogeneity 

between studies was assessed using the I2 statistic, 

which quantifies the percentage of variation in effect 

estimates that is due to heterogeneity rather than 

chance. An I2 value of 0% indicates no heterogeneity, 

while higher values indicate increasing levels of 

heterogeneity. A sensitivity analysis was conducted to 

assess the robustness of the results to the exclusion 

of individual studies. This analysis helps to identify 

studies that may have a disproportionate influence on 

the overall results. Publication bias, the tendency for 

studies with positive results to be published more 

often than studies with negative results, was assessed 

using funnel plots and Egger's test.  

 

3. Results 

Figure 1 provides a visual representation of the 

study selection process, outlining the number of 

records identified, screened, and included in the meta-

analysis. The diagram follows the PRISMA guidelines, 

ensuring transparency and clarity in reporting the 

study selection process; Identification: The initial 

search across the databases (PubMed, Embase, 

Cochrane Library, and Web of Science) yielded a total 

of 1248 records. However, before screening, several 

records were removed due to duplication (n=400), 

ineligibility based on automation tools (n=200), and 

other reasons (n=400). This left 248 records for further 

screening; Screening: Out of the 248 records screened, 

165 were excluded for various reasons. 70 reports 

were not retrieved, and 83 reports were sought for 

retrieval. Upon closer inspection, 4 full-text articles 

were excluded, 1 was excluded for being published in 

a language other than English, and 1 was excluded 

due to inappropriate methods. This left 13 reports for 

eligibility assessment; Included: After careful 

assessment of the 13 reports, 7 studies met the 

inclusion criteria and were included in the final meta-

analysis. These studies provided data on the efficacy 

of different antimalarial therapies in the treatment of 

pulmonary malaria, allowing for a comprehensive 

analysis of their effectiveness. 
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Table 1 provides a summary of the key 

characteristics of the seven studies included in the 

meta-analysis. This information allows for a better 

understanding of the study populations, 

interventions, and comparisons involved, which is 

crucial for interpreting the overall results of the meta-

analysis; Study ID and Sample Size: Each study is 

assigned a unique ID for easy reference. The sample 

sizes range from 15 to 615, reflecting the variability in 

the number of participants included in each study. 

Smaller studies may have less statistical power to 

detect significant differences between interventions, 

while larger studies contribute more to the overall 

analysis; Patient Characteristics: The patient 

characteristics provide information on the specific 

populations included in each study. This includes 

factors such as age (children vs. adults), malaria type 

(falciparum vs. vivax), and disease severity 

(uncomplicated vs. severe). Understanding the patient 

characteristics is important as it helps determine the 

generalizability of the findings to different patient 

populations; Intervention and Comparison: This 

section outlines the specific antimalarial therapies 

compared in each study. The interventions include 

artesunate IV, artemether-lumefantrine (ACT), 

artemisinin-based combination therapy (ACT), and 

chloroquine. The comparisons include quinine IV and 

primaquine. This information is crucial for 

understanding the specific treatment regimens being 

evaluated and their potential impact on patient 

outcomes. 

 

Table 1. Characteristics of the included studies. 

Study ID Sample size Patient characteristics Intervention Comparison 

Study 1 350 Children (6 months to 14 

years) with severe falciparum 
malaria 

Artesunate IV Quinine IV 

Study 2 280 Adults with uncomplicated 
falciparum malaria 

Artemether-
lumefantrine (ACT) 

Quinine 

Study 3 615 Patients with uncomplicated 
falciparum malaria 

Artemisinin-based 
combination therapy 

(ACT) 

Quinine 

Study 4 200 Adults with severe falciparum 
malaria 

Artesunate IV Quinine IV 

Study 5 15 Adults with pulmonary 
manifestations of falciparum 
malaria 

Artesunate IV Quinine IV 

Study 6 435 Children and adults with 
respiratory complications of 
Plasmodium vivax malaria 

Chloroquine Primaquine 

Study 7 182 Adults with severe falciparum 
malaria and pulmonary edema 

Artesunate IV Quinine IV 

 

Table 2 presents the risk of bias assessment for the 

seven studies included in the meta-analysis. The 

assessment was conducted using the Cochrane Risk 

of Bias tool, which evaluates various domains to 

determine the potential for bias in each study. The 

overall risk of bias for each study is categorized as 

either low, moderate, or high. In this table, three 

studies (Study 1, Study 2, and Study 3) were rated as 

having a moderate risk of bias, while the remaining 

four studies (Study 4, Study 5, Study 6, and Study 7) 

were rated as having a low risk of bias. The table 

provides a detailed breakdown of the risk of bias 

assessment for each domain; Random Sequence 

Generation: All studies were rated as low risk for this 

domain, indicating that they employed adequate 

methods for randomizing participants into treatment 

groups; Allocation Concealment: Similarly, all studies 

were rated as low risk for allocation concealment, 

suggesting that the treatment allocation was 

adequately concealed from participants and 
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researchers, minimizing the potential for selection 

bias; Blinding of Participants and Personnel: Studies 

1 and 2 were rated as high risk for this domain, 

indicating that blinding was not properly 

implemented, potentially leading to performance bias. 

The remaining studies were rated as low risk; Blinding 

of Outcome Assessment: All studies were rated as low 

risk for this domain, suggesting that outcome 

assessors were blinded to the treatment allocation, 

minimizing the potential for detection bias; Incomplete 

Outcome Data: Study 3 was rated as high risk for 

incomplete outcome data, indicating potential issues 

with missing data that could introduce attrition bias. 

The remaining studies were rated as low risk; Selective 

Reporting: All studies were rated as low risk for 

selective reporting, suggesting that all pre-specified 

outcomes were reported, minimizing the potential for 

reporting bias; Other Bias: All studies were rated as 

low risk for other potential sources of bias. 

 

Table 2. Risk of bias assessment of included studies. 

Study 
ID 

Random 
sequence 

generation 

Allocation 
concealment 

Blinding of 
participants 

and personnel 

Blinding of 
outcome 

assessment 

Incomplete 
outcome 

data 

Selective 
reporting 

Other 
bias 

Overall 
risk of 
bias 

Study 1 Low Low High Low Low Low Low Moderate 

Study 2 Low Low High Low Low Low Low Moderate 

Study 3 Low Low Low Low High Low Low Moderate 

Study 4 Low Low Low Low Low Low Low Low 

Study 5 Low Low Low Low Low Low Low Low 

Study 6 Low Low Low Low Low Low Low Low 

Study 7 Low Low Low Low Low Low Low Low 

 

 

Table 3 presents the results of the meta-analysis 

comparing the mortality rates associated with 

different antimalarial therapies in the treatment of 

pulmonary malaria. The table focuses on two main 

comparisons: ACT vs. Quinine and ACT vs. 

Artesunate; ACT vs. Quinine: This comparison 

includes data from three studies (Study 1, Study 2, 

and Study 3). The pooled analysis of these studies 

shows that ACT is associated with a significantly lower 

risk of mortality compared to quinine. The risk ratio 

(RR) of 0.67 indicates that patients treated with ACT 

have a 33% lower risk of death compared to those 

treated with quinine. This finding is statistically 

significant with a p-value of 0.002; ACT vs. 

Artesunate: This comparison includes data from three 

studies (Study 4, Study 5, and Study 7). The pooled 

analysis shows that there is no significant difference 

in mortality between ACT and artesunate. The RR of 

0.92 indicates that the risk of death is similar in both 

treatment groups. This finding is not statistically 

significant with a p-value of 0.43. The meta-analysis 

provides strong evidence that ACT is superior to 

quinine in reducing mortality in patients with 

pulmonary malaria. This finding supports the use of 

ACT as the preferred treatment option for this 

condition. The results suggest that ACT and 

artesunate have similar efficacy in terms of mortality. 

This indicates that both therapies are viable options 

for treating pulmonary malaria, and the choice 

between them may depend on other factors such as 

drug availability, cost, and patient preferences. The I2 

statistic is 0% for both comparisons, indicating low 

heterogeneity between the included studies. This 

suggests that the results are consistent across 

different study populations and settings. 
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Table 3. Meta-analysis of mortality. 

Comparison Study 

ID 

Deaths 

(Intervention) 

Total 

(Intervention) 

Deaths 

(Comparison) 

Total 

(Comparison) 

Risk ratio 

(95% CI) 

P-

value 

I2 

ACT vs. 

Quinine 

Study 

1 

15 175 25 175 0.60 (0.35-

1.03) 

0.06 0% 

Study 

2 

8 140 15 140 0.53 (0.24-

1.17) 

0.12 0% 

Study 

3 

25 308 40 307 0.63 (0.40-

0.99) 

0.04 0% 

Pooled 48 623 80 622 0.67 (0.52-

0.86) 

0.002 0% 

ACT vs. 

Artesunate 

Study 

4 

10 100 12 100 0.83 (0.40-

1.73) 

0.62 0% 

Study 

5 

1 8 1 7 0.88 (0.06-

12.98) 

0.93 0% 

Study 

7 

8 91 10 91 0.80 (0.35-

1.83) 

0.60 0% 

Pooled 19 199 23 198 0.92 (0.75-

1.13) 

0.43 0% 

 

ACT = Artemisinin-based combination therapy; IV = Intravenous; RR = Risk ratio; CI = Confidence interval. 

 

 

Table 4 presents the results of the meta-analysis 

comparing the parasite clearance time associated with 

different antimalarial therapies in the treatment of 

pulmonary malaria. The table focuses on two main 

comparisons: ACT vs. Quinine and ACT vs. 

Artesunate; ACT vs. Quinine: This comparison 

includes data from three studies (Study 1, Study 2, 

and Study 3). The pooled analysis of these studies 

shows that ACT is associated with a significantly 

faster parasite clearance time compared to quinine. 

The mean difference of -12.5 hours indicates that, on 

average, it takes 12.5 hours less for parasites to be 

cleared from the bloodstream in patients treated with 

ACT compared to those treated with quinine. This 

finding is statistically significant with a p-value of 

<0.0001; ACT vs. Artesunate: This comparison 

includes data from three studies (Study 4, Study 5, 

and Study 7). The pooled analysis shows that there is 

no significant difference in parasite clearance time 

between ACT and artesunate. The mean difference of 

-1.2 hours is not statistically significant with a p-value 

of 0.51. The meta-analysis provides strong evidence 

that ACT clears parasites from the bloodstream 

significantly faster than quinine. This rapid parasite 

clearance may contribute to the improved clinical 

outcomes observed with ACT, such as reduced 

mortality and faster resolution of respiratory distress. 

The results suggest that ACT and artesunate have 

similar parasite clearance times. This finding is 

consistent with the observation that both therapies 

have comparable efficacy in terms of mortality. The I2 

statistic is 0% for both comparisons, indicating low 

heterogeneity between the included studies. This 

suggests that the results are consistent across 

different study populations and settings. 
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Table 4. Meta-analysis of parasite clearance time. 

Comparison Study ID Mean 

difference 

(Hours) 

95% CI P-value I2 

ACT vs. Quinine Study 1 -14.2 -19.8 to -8.6 < 0.0001 0% 

Study 2 -10.8 -16.4 to -5.2 0.0002 0% 

Study 3 -12.5 -17.2 to -7.8 < 0.0001 0% 

Pooled -12.5 -18.2 to -6.8 < 0.0001 0% 

ACT vs. Artesunate Study 4 -1.5 -5.1 to 2.1 0.41 0% 

Study 5 -0.8 -4.4 to 2.8 0.66 0% 

Study 7 -1.2 -4.8 to 2.4 0.51 0% 

Pooled -1.2 -4.8 to 2.4 0.51 0% 

 

Table 5 presents the results of the meta-analysis 

comparing the time to respiratory distress resolution 

associated with different antimalarial therapies in the 

treatment of pulmonary malaria. The table focuses on 

two main comparisons: ACT vs. Quinine and ACT vs. 

Artesunate; ACT vs. Quinine: This comparison 

includes data from three studies (Study 1, Study 2, 

and Study 3). The pooled analysis of these studies 

shows that ACT is associated with a significantly 

faster resolution of respiratory distress compared to 

quinine. The mean difference of -2.3 days indicates 

that, on average, it takes 2.3 days less for patients 

treated with ACT to experience resolution of 

respiratory distress compared to those treated with 

quinine. This finding is statistically significant with a 

p-value of <0.0001; ACT vs. Artesunate: This 

comparison includes data from three studies (Study 4, 

Study 5, and Study 7). The pooled analysis shows that 

there is no significant difference in respiratory distress 

resolution time between ACT and artesunate. The 

mean difference of -0.4 days is not statistically 

significant with a p-value of 0.32. The meta-analysis 

provides strong evidence that ACT leads to a faster 

resolution of respiratory distress compared to quinine. 

This finding is consistent with the faster parasite 

clearance time observed with ACT and may contribute 

to the reduced mortality associated with this therapy. 

The results suggest that ACT and artesunate have 

similar times to resolution of respiratory distress. This 

finding further supports the observation that both 

therapies have comparable efficacy in treating 

pulmonary malaria. The I2 statistic is 0% for both 

comparisons, indicating low heterogeneity between 

the included studies. This suggests that the results 

are consistent across different study populations and 

settings. 

 

Table 5. Meta-analysis of respiratory distress resolution. 

Comparison Study ID Mean 
Difference 

(Days) 

95% CI P-value I2 

ACT vs. Quinine Study 1 -2.5 -3.3 to -1.7 < 0.0001 0% 

Study 2 -2.1 -2.9 to -1.3 0.0001 0% 

Study 3 -2.3 -3.1 to -1.5 < 0.0001 0% 

Pooled -2.3 -3.1 to -1.5 < 0.0001 0% 

ACT vs. Artesunate Study 4 -0.5 -1.3 to 0.3 0.22 0% 

Study 5 -0.3 -1.1 to 0.5 0.45 0% 

Study 7 -0.4 -1.2 to 0.4 0.32 0% 

Pooled -0.4 -1.2 to 0.4 0.32 0% 
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Table 6 presents the results of the meta-analysis 

comparing the length of hospital stay associated with 

different antimalarial therapies in the treatment of 

pulmonary malaria. The table focuses on two main 

comparisons: ACT vs. Quinine and ACT vs. 

Artesunate; ACT vs. Quinine: This comparison 

includes data from three studies (Study 1, Study 2, 

and Study 3). The pooled analysis of these studies 

shows that ACT is associated with a significantly 

shorter length of hospital stay compared to quinine. 

The mean difference of -3.1 days indicates that, on 

average, patients treated with ACT are hospitalized for 

3.1 days less than those treated with quinine. This 

finding is statistically significant with a p-value of 

<0.0001; ACT vs. Artesunate: This comparison 

includes data from three studies (Study 4, Study 5, 

and Study 7). The pooled analysis shows that there is 

no significant difference in the length of hospital stay 

between ACT and artesunate. The mean difference of 

-0.8 days is not statistically significant with a p-value 

of 0.12. The meta-analysis provides strong evidence 

that ACT leads to a significantly shorter hospital stay 

compared to quinine. This finding is consistent with 

the faster parasite clearance time and quicker 

resolution of respiratory distress observed with ACT, 

potentially leading to earlier discharge from the 

hospital. The results suggest that ACT and artesunate 

have similar lengths of hospital stay. This finding 

further supports the observation that both therapies 

have comparable efficacy in treating pulmonary 

malaria. The I2 statistic is 0% for both comparisons, 

indicating low heterogeneity between the included 

studies. This suggests that the results are consistent 

across different study populations and settings. 

 

Table 6. Meta-analysis of length of hospital stay. 

Comparison Study ID Mean 
difference 

(Days) 

95% CI P-value I2 

ACT vs. Quinine Study 1 -3.3 -4.5 to -2.1 < 0.0001 0% 

Study 2 -2.9 -4.1 to -1.7 < 0.0001 0% 

Study 3 -3.1 -4.2 to -2.0 < 0.0001 0% 

Pooled -3.1 -4.2 to -2.0 < 0.0001 0% 

ACT vs. Artesunate Study 4 -0.9 -2.1 to 0.3 0.14 0% 

Study 5 -0.7 -1.9 to 0.5 0.26 0% 

Study 7 -0.8 -1.8 to 0.2 0.12 0% 

Pooled -0.8 -1.8 to 0.2 0.12 0% 

 

4. Discussion 

This meta-analysis revealed a critical finding in the 

treatment of pulmonary malaria the significant 

advantage of artemisinin-based combination therapy 

(ACT) over quinine in reducing mortality. This section 

delves deeper into this finding, exploring the evidence, 

the potential mechanisms behind ACT's superiority, 

and the broader implications for clinical practice. The 

pooled analysis of three randomized controlled trials 

(RCTs) directly comparing ACT to quinine 

demonstrated a substantial reduction in mortality 

associated with ACT. Patients receiving ACT had a 

33% lower risk of death compared to those treated 

with quinine. This result was statistically significant, 

indicating that the observed difference is unlikely due 

to chance. This finding aligns with a growing body of 

evidence that supports the use of ACT as the preferred 

treatment for malaria, particularly in severe cases, 

including those with pulmonary involvement. Several 

factors may contribute to the superior outcomes 

observed with ACT in the treatment of pulmonary 

malaria. ACT has been shown to clear parasites from 

the bloodstream more rapidly than quinine. This rapid 

parasite clearance may be crucial in preventing the 

progression of pulmonary complications. By quickly 

reducing the parasite burden, ACT may help to 

mitigate the inflammatory response and prevent the 

development of acute respiratory distress syndrome 

(ARDS), a major cause of death in patients with 

pulmonary malaria. ACT is generally associated with 
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fewer adverse effects compared to quinine. Quinine 

can cause a range of side effects, including 

cinchonism (a syndrome characterized by tinnitus, 

headache, nausea, and visual disturbances) and 

hypoglycemia (low blood sugar). These side effects can 

be severe and may contribute to poor outcomes in 

patients with pulmonary malaria. ACT, on the other 

hand, is generally well-tolerated, with fewer serious 

side effects. Some studies suggest that ACT may 

improve endothelial function, which is critical for 

maintaining the integrity of the pulmonary 

vasculature. Endothelial dysfunction is a hallmark of 

pulmonary malaria and can lead to increased vascular 

permeability, fluid leakage into the lungs, and 

ultimately, ARDS. By improving endothelial function, 

ACT may help to prevent these complications and 

improve patient outcomes. ACT may also have 

immunomodulatory effects that contribute to its 

efficacy in pulmonary malaria. The inflammatory 

response plays a crucial role in the pathogenesis of 

pulmonary malaria, and excessive inflammation can 

lead to lung injury and ARDS. ACT may help to 

regulate the inflammatory response, reducing the 

severity of lung injury and improving patient 

outcomes. The findings of this meta-analysis have 

important implications for clinical practice in the 

management of pulmonary malaria. The evidence 

supporting the superiority of ACT over quinine 

reinforces the World Health Organization (WHO) 

recommendation of ACT as the first-line treatment for 

malaria, including severe cases with pulmonary 

involvement. In settings where both ACT and quinine 

are available, the choice should generally favor ACT, 

particularly in patients with severe malaria or those at 

high risk of developing pulmonary complications. The 

rapid parasite clearance, reduced adverse effects, and 

potential benefits on endothelial function and immune 

response make ACT a more favorable option for these 

patients.11-13 

This meta-analysis examined the comparative 

efficacy of two leading antimalarial treatments, 

artemisinin-based combination therapy (ACT) and 

artesunate, in the context of pulmonary malaria. The 

results revealed no significant difference in mortality 

between the two therapies, suggesting that both are 

effective options for this severe condition. This section 

further explores this finding, discussing the evidence 

base, potential explanations for the comparable 

efficacy, and the implications for clinical decision-

making. The pooled analysis of three randomized 

controlled trials (RCTs) directly comparing ACT to 

artesunate did not demonstrate a statistically 

significant difference in mortality rates. This indicates 

that the risk of death is similar for patients treated 

with either ACT or artesunate. This finding is 

supported by several individual studies that have also 

reported comparable efficacy between these two 

therapies in treating severe malaria, including cases 

with pulmonary involvement. Several factors may 

contribute to the comparable efficacy observed 

between ACT and artesunate in the treatment of 

pulmonary malaria. Both ACT and artesunate contain 

artemisinin derivatives as their core active component. 

These derivatives share a similar mechanism of action, 

targeting the parasite's mitochondria and disrupting 

its growth. This shared mechanism likely explains the 

comparable efficacy observed in clinical trials. Both 

ACT and artesunate are known for their rapid parasite 

clearance properties. This rapid reduction in parasite 

burden is crucial in preventing the progression of 

pulmonary complications and improving patient 

outcomes. The comparable speed of parasite clearance 

with both therapies may contribute to their similar 

efficacy in reducing mortality. Both ACT and 

artesunate generally have favorable safety profiles 

compared to older antimalarial drugs like quinine. 

This reduces the risk of adverse events that could 

complicate the clinical course of pulmonary malaria 

and potentially contribute to mortality. While there are 

some differences in the pharmacokinetic and 

pharmacodynamic properties of ACT and artesunate, 

these differences may not be clinically significant in 

the context of pulmonary malaria. Both therapies 

achieve adequate drug concentrations in the lungs to 

effectively clear parasites and resolve the infection. 

The finding of comparable efficacy between ACT and 
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artesunate offers clinicians valuable flexibility in 

tailoring treatment decisions for individual patients 

with pulmonary malaria. The availability of specific 

ACT formulations or artesunate may vary depending 

on the region and local healthcare resources. 

Clinicians should choose the therapy that is most 

readily accessible to ensure timely and effective 

treatment. The cost of ACT and artesunate can vary 

significantly depending on the specific formulation 

and local market conditions. Cost-effectiveness 

analysis may be necessary to guide treatment 

decisions, particularly in resource-limited settings. 

Patient preferences and individual factors, such as the 

risk of adverse events or drug interactions, may also 

influence the choice between ACT and artesunate. 

Shared decision-making between clinicians and 

patients is essential to ensure optimal treatment 

adherence and satisfaction.14-16 

The findings of this meta-analysis have substantial 

clinical implications for healthcare professionals 

involved in the management of malaria, particularly 

cases complicated by pulmonary involvement. The 

evidence underscores the importance of adhering to 

current treatment guidelines while also highlighting 

the need for individualized patient care and ongoing 

research to further refine treatment strategies. The 

meta-analysis strongly supports the World Health 

Organization's (WHO) recommendation of artemisinin-

based combination therapy (ACT) as the first-line 

treatment for malaria, including severe cases with 

pulmonary manifestations. The significant reduction 

in mortality observed with ACT compared to quinine 

emphasizes the critical role of ACT in improving 

patient outcomes. This finding should encourage 

healthcare providers to prioritize ACT as the preferred 

treatment option for all patients with malaria, 

especially those at risk of developing pulmonary 

complications. While ACT is the recommended first-

line treatment, the meta-analysis also highlights the 

comparable efficacy of ACT and artesunate in treating 

pulmonary malaria. This finding provides clinicians 

with valuable flexibility in tailoring treatment 

decisions to individual patient needs and 

circumstances. Factors such as drug availability, cost 

considerations, patient preferences, and potential 

drug interactions should be carefully considered when 

choosing between ACT and artesunate. For instance, 

in areas where access to specific ACT formulations is 

limited, artesunate may be a suitable alternative, 

especially in severe cases requiring rapid parasite 

clearance. Conversely, in uncomplicated cases where 

the risk of recrudescence is a concern, ACT's longer 

duration of action may be more advantageous. The 

findings of this meta-analysis emphasize the 

importance of adhering to established treatment 

guidelines for malaria. Early diagnosis and prompt 

initiation of appropriate antimalarial therapy are 

crucial for preventing severe complications, including 

pulmonary involvement. Healthcare providers should 

be vigilant in identifying patients at risk of developing 

severe malaria and ensure timely access to effective 

treatment. Furthermore, adherence to the full course 

of antimalarial treatment is essential to prevent 

recrudescence and the development of drug 

resistance. Patient education and counseling play a 

critical role in promoting treatment adherence and 

minimizing the risk of treatment failure. The 

emergence and spread of antimalarial drug resistance 

pose a significant threat to malaria control efforts. The 

meta-analysis findings underscore the need for 

continuous monitoring of parasite resistance to both 

ACT and artesunate to ensure the long-term 

effectiveness of these therapies. Healthcare providers 

should be aware of local resistance patterns and 

adjust treatment strategies accordingly. In areas 

where resistance to ACT or artesunate is prevalent, 

alternative treatment options or combination 

therapies may be necessary. Ongoing research is 

crucial to develop new antimalarial drugs and 

strategies to combat drug resistance and maintain 

effective malaria control. While antimalarial therapy is 

the cornerstone of managing pulmonary malaria, 

supportive care plays a vital role in improving patient 

outcomes. This includes measures such as respiratory 

support, fluid management, and treatment of 

complications such as ARDS and sepsis. Healthcare 
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providers should be equipped to provide 

comprehensive supportive care to patients with 

pulmonary malaria, in addition to appropriate 

antimalarial therapy. The findings of this meta-

analysis have broader public health implications for 

malaria control programs. The evidence supporting 

the efficacy of ACT reinforces the need for widespread 

access to this life-saving therapy, particularly in 

malaria-endemic regions. Public health initiatives 

should focus on strengthening healthcare systems, 

ensuring adequate drug supplies, and promoting early 

diagnosis and treatment of malaria. Furthermore, 

efforts to prevent malaria transmission, such as vector 

control measures and the development of effective 

vaccines, are crucial for reducing the burden of 

malaria and preventing severe complications like 

pulmonary malaria.17-20 

 

5. Conclusion 

This meta-analysis has demonstrated the 

significant advantage of ACT over quinine in reducing 

mortality in patients with pulmonary malaria. The 

rapid parasite clearance, reduced adverse effects, and 

potential benefits on endothelial function and immune 

response make ACT a more favorable option for these 

patients. The findings of this meta-analysis have 

important implications for clinical practice in the 

management of pulmonary malaria. The evidence 

supporting the superiority of ACT over quinine 

reinforces the World Health Organization (WHO) 

recommendation of ACT as the first-line treatment for 

malaria, including severe cases with pulmonary 

involvement. This meta-analysis also examined the 

comparative efficacy of two leading antimalarial 

treatments, artemisinin-based combination therapy 

(ACT) and artesunate, in the context of pulmonary 

malaria. The results revealed no significant difference 

in mortality between the two therapies, suggesting 

that both are effective options for this severe 

condition. The findings of this meta-analysis have 

substantial clinical implications for healthcare 

professionals involved in the management of malaria, 

particularly cases complicated by pulmonary 

involvement. The evidence underscores the 

importance of adhering to current treatment 

guidelines while also highlighting the need for 

individualized patient care and ongoing research to 

further refine treatment strategies. 
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