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ABSTRACT

Background: In low- and middle-income countries, mortality in intensive care units (ICUs) is higher than in high-income countries. In
Bolivia, updated information on ICU mortality for adult and pediatric populations is lacking. Objective: To synthesize available evidence
on ICU mortality in Bolivia and estimate, through meta-analysis, the pooled proportion of overall mortality. Materials and methods: Sys-
tematic review with meta-analysis of observational studies in Bolivian ICUs reporting mortality in adult and pediatric patients. Searches
were performed in PubMed/MEDLINE, Scopus, Web of Science, LILACS, SciELO, and Google Scholar up to December 2024. Mortality
proportions were estimated using random-effects models with 95% confidence intervals (Cl). Heterogeneity (I?), publication bias, and
leave-one-out sensitivity analyses were assessed. Results: Six studies were included (1,382 patients, 126 deaths). Pooled overall mortality
was 4.9% (95% Cl: 1.4-15.5; 12=96.2%). Pediatric ICU mortality was 2.3% (95% Cl: 1.3-3.9; 12=0%), and adult ICU mortality was 15.7% (95% CI:
2.9-53.6; 12=98.1%). Conclusions: ICU mortality in Bolivia differs between pediatric and adult populations. The overall estimate is influen-
ced by the predominance of pediatric studies and heterogeneity. Additional multicenter, hommogeneous national studies are needed.

Keywords: Bolivia; Intensive care; Meta-analysis; Mortality; Intensive care units.

RESUMEN

Antecedentes: En paises de ingresos bajos y medianos, la mortalidad en unidades de cuidados intensivos (UCI) es mayor que en paises
de altos ingresos. En Bolivia no se dispone de informacién actualizada de mortalidad en UCI para poblaciéon adulta y pediatrica. Obje-
tivo: Sintetizar la evidencia disponible sobre mortalidad en UCI en Bolivia y estimar, mediante metaanalisis, la proporcion agrupada de
mortalidad global. Material y métodos: Revisidon sistematica con metaanalisis de estudios observacionales en UCI de Bolivia con mor-
talidad en pacientes adultos y pediatricos. Busqueda en PubMed/MEDLINE, Scopus, Web of Science, LILACS, SciELO y Google Scholar
hasta diciembre 2024. La proporcién de mortalidad se estimé con modelos de efectos aleatorios e intervalos de confianza (IC) del 95%.
Se evalud heterogeneidad (1?), sesgo de publicacion y se realizaron analisis de sensibilidad leave-one-out. Resultados: Se incluyeron 6
estudios (1.382 pacientes, 126 fallecidos). La mortalidad global combinada fue 4,9% (IC 95%: 1,4-15,5; 12=96,2%). En UCI| pediatrica fue 2,3%
(IC 95%:1,3-3,9; 12=0%) y en adultos 15,7% (IC 95%: 2,95-53,6; 12=98,1%). Conclusiones: La mortalidad en UCI en Bolivia difiere entre poblacion
pedidtrica y adulta. La estimacion global esta influida por la predominancia de estudios pediatricos y heterogéneos. Se requieren mas
estudios nacionales multicéntricos y homogéneos.

Palabras clave: Palabras clave: Bolivia; Cuidados intensivos; Metaanalisis; Mortalidad; Unidades de cuidados intensivos.
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INTRODUCTION

In low- and middle-income countries (LMICs), mortality in intensive care units (ICUs) is usually
higher than in high-income countries, where multicenter cohorts have reported mortality rates
among critically ill patients ranging from 15% to 25%(1-7). These differences have been associated
with resource availability, timeliness of admission, organization of services, and implementation
of evidence-based strategies, such as sepsis bundles, protective ventilation, and quality impro-
vement programs(8-10). Nevertheless, even in settings with greater development of critical care,
unfavorable outcomes persist in high-risk subgroups, such as patients with severe sepsis, acute
respiratory distress syndrome (ARDS), or refractory shock (11,12,13).

In Latin America, the organization of intensive care is heterogeneous and faces structural
limitations in timely access, bed availability, specialized staffing, and adherence to clinical guide-
lines(14-17). Regional studies have documented high mortality rates in conditions such as sepsis,
septic shock, and ARDS, as well as important differences between public and private institutions
and between referral hospitals and peripheral centers(18). These gaps became more evident during
the COVID-19 pandemic, with high occupancy and mortality rates among critically ill patients in
several countries in the region(19-22).

In Bolivia, information on ICU mortality is limited and fragmented. Available evidence comes
mainly from local hospital series, with small sample sizes, heterogeneous methodologies, and spe-
cific populations, making it difficult to obtain an integrated national view of the problem(23-29). The
country faces structural constraints in critical care capacity and unequal distribution of resources
across regions and levels of complexity, reinforcing the need for contextualized and comparable
estimates. In this context, a national synthesis of ICU mortality in the adult and pediatric popula-
tion is relevant for health planning, resource allocation, and the design of strategies to improve
quality of care(30).

Therefore, the objective of this study was to systematically synthesize the available eviden-
ce on ICU mortality in Bolivia and to estimate, through meta-analysis, the pooled proportion of
overall mortality and of mortality in selected subgroups, exploring heterogeneity among studies
and clinical settings.

METHODS

Study design

A systematic review and meta-analysis of observational studies that described the clinical
course and mortality of critically ill patients treated in intensive care units (ICUs) in Bolivia was
conducted. The primary outcome was ICU mortality.

Eligibility criteria

We included studies conducted in Bolivia that reported mortality in adult patients (=18 years)
or pediatric patients admitted to medical, surgical, or mixed ICUs, in public, private, or social se-
curity hospitals, with no restriction on admission diagnosis. Cohort and descriptive observational
studies with original data and more than 10 patients were eligible. Clinical trials, reviews, editorials,
letters, case reports, and studies without sufficient data to estimate the mortality proportion were
excluded. Studies had to report, at a minimum, the number of ICU admissions and the number of
deaths, or data that allowed these proportions to be derived.

Search strategy

A systematic search was conducted in PubMed/MEDLINE, Scopus, Web of Science, LILACS,
SciELO, and Google Scholar up to December 2024. The strategy combined MeSH and free-text
terms in English and Spanish related to intensive care, mortality, and Bolivia. The base strategy
was: (“Intensive Care Units"[MeSH] OR “Critical Care"[MeSH] OR “intensive care"[tiab] OR “critical
care”[tiab] OR ICU[tiab] OR UClI[tiab] OR UTl[tiab] OR “unidad de terapia intensiva"[tiab] OR “uni-
dad de cuidados intensivos”[tiab]) AND (“Mortality"[MeSH] OR mortality[tiab] OR death*[tiab] OR
mortalidad([tiab] OR fallecimiento*[tiab]) AND (Bolivia[tiab] OR Bolivian*[tiab]). The strategy was
adapted to the syntax of each database. The search was complemented by manual review of refe-
rences and a search of national and gray literature in institutional repositories and official sources,
although this did not yield additional studies.
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Study selection and data extraction

Two reviewers independently assessed titles and abstracts, and then full texts to confirm
eligibility. Discrepancies were resolved by consensus or with a third reviewer. The following data
were extracted: author, year, city/region, type of ICU, design, sample size, baseline characteristics
(age, sex, main diagnosis, severity), and outcomes (admissions, ICU deaths, and others if available).
When data were incomplete or ambiguous, an attempt was made to contact the authors; if this
was not possible, prudent estimates were applied and reported explicitly.

Methodological quality assessment

Methodological quality was assessed according to the design of each study. Cohort studies
were assessed using the Newcastle-Ottawa Scale for cohort studies (selection, comparability, and
outcome). Descriptive or cross-sectional observational studies were assessed using an adaptation
of the Newcastle-Ottawa Scale for cross-sectional studies (representativeness, sample size, out-
come measurement, and clarity of reporting). The assessment was performed independently by
two reviewers; discrepancies were resolved by consensus.

STATISTICAL ANALYSIS

A meta-analysis of proportions was performed to estimate pooled ICU mortality and,
when possible, mortality in subgroups (e.g., by ICU type). Given the expected heterogeneity, ran-
dome-effects models with 95% confidence intervals (Cls) were used. Heterogeneity was assessed
using the |12 statistic and Cochran’s Q test, with high 12 values interpreted as significant variability
beyond chance(31). The robustness of the estimates was explored using leave-one-out sensitivity
analysis. Publication bias was examined visually using funnel plots and, when the number of stu-
dies allowed, using complementary statistical tests. All analyses were performed in R, with p<0.05
considered significant. No variance-stabilizing transformations (Freeman-Tukey or arcsine) or me-
ta-regression were applied, owing to the small number of studies and the lack of homogeneous
covariates; this decision was considered a methodological limitation.

RESULTS

Figure 1. Flow diagram of the included studies
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Initially, 58 records were identified through searches of electronic databases and other sour-
ces. After removal of duplicates and review of titles and abstracts, 20 articles were evaluated in full
text. Finally, 6 studies (4 pediatric, 2 adult) with 1,382 patients met the eligibility criteria, provided
ICU mortality data in Bolivia, and were included. The process of identification, selection, and in-
clusion of studies is summarized in the flow diagram (Figure 1).

In total, the 6 studies provided data on 1382 critically ill patients admitted to the ICUs of refe-
rral hospitals in La Paz and Cochabamba, with 126 deaths recorded during the ICU stay. 4 studies
were conducted in pediatric ICUs and 2 in adult ICUs, covering various pathologies (sepsis and
septic shock, nosocomial infections caused by Acinetobacter, acute poisonings, trauma, and mixed
critically ill patients). The main methodological and clinical characteristics of the included studies
are presented in Table 1 (Supplementary Material).

The methodological quality assessment was performed according to the design of each studly.
Cohort studies were assessed with the Newcastle-Ottawa Scale for cohorts, whereas descriptive
or cross-sectional observational studies were assessed with an adaptation for cross-sectional stu-
dies. Overall, the studies showed variable methodological quality, mainly owing to limitations in
comparability, their single-center nature, and the absence of adjustment for confounding factors.
The detailed results are presented in Table 2.

In the pooled analysis of the 6 studies, the overall ICU mortality was 4.9% (95% confidence in-
terval 1.4-15.5), estimated using a randome-effects model (Figure 2). Statistical heterogeneity among
the studies was very high (12 = 96.2%).

Figure 2. Overall mortality in intensive care units in Bolivia. Random-effects model (all studies in ICU)

Total Events Study :‘ Weight Proportion [95% CI]
257 7 Copana 2016 .- 17.8% 2.7%[1.1,5.5]
|
300 3 Copana 2016 . ! 16.5 % 1.0% [0.2,2.9]
i
485 33 Viruez-Soto 2019 . 18.7% 6.8% [4.7,9.4]
250 80 Viruez-Soto 2019 i —-— 18.8% 32.0% [26.3, 38.2]
i
26 i De Pardo 2009 —.7 129% 3.8%[0.1, 19.6]
64 2 Copana 2021 .— 154%  3.1%[0.4, 10.8]
1382 126 Overall :‘ 100%  4.9% [1.4,15.5]
Total events: 126 / 1382 patients Y : I : :
Heterogeneity: Tau? = 2.205; Chi? = 131.38, df = 5 (P < 0.001); I* = 96.2% 01 02 i 0.3 y 0.4 0.5
Test for overall effect: Z =-4.59 (P < 0.001) ICU mortality (proportion)

Figure 3. Mortality in pediatric intensive care units in Bolivia. Random-effects model (all studies in
pediatric ICU)
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4 studies were conducted in pediatric intensive care units, with a total of 647 critically ill
patients and 13 deaths recorded in the ICU. The pooled mortality in this subgroup was 2.3% (95%
confidence interval 1.3-3.9), using a random-effects model (Figure 3). Statistical heterogeneity
among the pediatric studies was very low (12 = 0%).

2 of the included studies were conducted in adult intensive care units, with a total of 735
critically ill patients and 113 deaths during the ICU stay. The pooled mortality in this subgroup was
15.7% (95% confidence interval 2.9-53.6), estimated using a random-effects model (Figure 4). Sta-
tistical heterogeneity among these studies was extremely high (12 = 98.1%).

Figure 4. Mortality in adult intensive care units in Bolivia. Random-effects model (all studies in adult

ICUs)
Total Deaths Study Weight Proportion (95% CI)
485 33 Viruez-Soto 2019 49.8% 6.8% [4.7,9.4]
250 80 Viruez-Soto 2019 50.2 % 32.0% [26.3, 38.2]
735 113 Overall 100 % Overall: 15.7% [2.9, 53.6]
ofo 071 ofz 0:3 0.4 ofs

ICU mortality (proportion)
Total events: 113 / 735 patients
Heterogeneity: Tau? = 1.711; Chi*= 68.22, df = 1 (P < 0.001); I* = 98.5%
Test for overall effect: Z=-1.80 (P =0.07)

In general, mortality in adult ICUs was clearly higher than that observed in pediatric ICUs,
consistent with older age, the presence of comorbidities, and the complexity of the pathologies
treated in adult units.

The robustness of the overall ICU mortality estimate was assessed using a leave-one-out
sensitivity analysis. Sequential exclusion of each individual study did not substantially modify the
pooled mortality or the width of the confidence intervals, suggesting that the overall results do
not depend on a single study and are relatively stable with respect to the influence of individual
studies (Figure 5).

Figure 5. Leave-one-out sensitivity analysis of the meta-analysis of ICU mortality in Bolivia, showing the
influence of each study on the overall estimate.
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Possible publication bias was explored using a funnel plot from the meta-analysis of overall
ICU mortality. Although the small number of studies limits interpretation, visual inspection did not
show marked asymmetry suggestive of significant publication bias.

DISCUSSION

This meta-analysis of 6 studies in Bolivian ICUs shows a relatively low overall mortality (5%),
with a marked contrast between the pediatric population (2-4%) and the adult population (15%),
and very high heterogeneity. To our knowledge, it constitutes the first quantitative synthesis of
mortality in Bolivian ICUs, highlighting strengths in pediatrics and important gaps in adults(31-33).

Mortality in Bolivian pediatric ICUs falls within the low range reported in high-income coun-
tries (2-5%), in which the sustained reduction in mortality has been associated with improvements
in the organization of critical care, timely access to mechanical ventilation, advanced hemodynamic
support, and standardization of evidence-based practices (34,35). In Latin America, multicenter
series have historically reported pediatric mortality rates of 7-15%, with considerable variability
according to complexity and resources (36). In this context, the Bolivian figures are comparatively
favorable; the consistency of the estimates (1220%) suggests that, at least in the services analyzed,
there are genuine capacities to provide pediatric intensive care meeting international standards
(37). This finding is relevant in a middle-income country with structural limitations. The low morta-
lity could be related to appropriate patient selection, centralization of complex cases in trained cen-
ters, implementation of sepsis protocols and protective ventilation, and a lower burden of chronic
comorbidities among children; however, the lack of hommogeneous data on severity, comorbidities,
and adherence to bundles limits the establishment of firm causal relationships.

The estimate in adults (15%) should be interpreted with caution, given its wide confidence
interval and extreme heterogeneity (I2>90%), which reflect the small number of studies and clinical
and methodological differences (type of patients, severity, hospital profiles, altitude, resources, and
recruitment period), limiting its usefulness as a single summary(38-39). In Latin America, adult ICUs
report mortality rates of 20-40%, higher in septic shock, ARDS, or multiple organ failure(38-39).
The somewhat lower mortality in this meta-analysis could be influenced by the small sample size,
characteristics of the included centers, and possible underrepresentation of hospitals with fewer
resources; in addition, the initial periods of the COVID-19 pandemic could have contributed dis-
proportionately to mortality in a particular adult study(39).

The high global heterogeneity is related to clinical diversity (adults and pediatric patients) and
the small number of studies in Bolivia; therefore, the pooled estimate should not be interpreted
as a generalizable measure, but rather as a synthesis of limited scope, where subgroup-stratified
analyses offer a more prudent and clinically relevant interpretation. The leave-one-out sensitivity
analysis showed stability of the estimates, without one dominant study distorting the quantitative
synthesis. The assessment of publication bias is limited by the small number of observational and
single-center studies; unpublished studies may exist, especially in centers with lower academic
capacity or less favorable results (39), so the absence of marked asymmetry does not prove their
nonexistence.

The certainty of the evidence is limited because it derives exclusively from observational stu-
dies with inconsistency, imprecision, and clinical heterogeneity, which restricts confidence in the
overall estimate and its applicability for guiding broad health policies. Among the methodological
limitations, variance-stabilizing transformations and meta-regression were not applied because
of the small number of studies and the lack of homogeneous covariates; therefore, the high hete-
rogeneity should be interpreted with caution.

These findings have implications for the organization of critical care in Bolivia. In pediatrics,
the low mortality suggests good practices that should be identified and scaled up, such as sepsis
protocols, protective ventilation, and trained teams(34-36). In adults, the higher mortality and
heterogeneity highlight the need to strengthen diagnostic and therapeutic capacities, improve
timely referral, and move toward more standardized care models, in line with regional initiatives
that have reduced mortality (39). The creation of national and regional ICU networks, with robust
information systems, audits, and continuous improvement, has been key in other countries to
decrease mortality and reduce inequities (39); our results support advancing in this direction,
adapted to the Bolivian context.

The potential role of altitude as a confounding factor should be considered, particularly in
high-altitude centers, where lower inspired oxygen pressure may influence oxygenation and the
physiological response to critical stress; however, the included evidence did not permit separate
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analysis of this factor.

This study provides the first quantitative estimate of mortality in Bolivian ICUs, integrates sca-
ttered information, explicitly differentiates between pediatric and adult ICUs, and applies sensitivity
analyses that support the stability of the estimates, contextualizing the results in the international
and Latin American literature(34-39). Its limitations include the small number of studies and cen-
ters, the predominance of observational and single-center designs, possible selection bias, lack of
homogeneous data on severity and comorbidities, and high heterogeneity, especially in adults,
which necessitates cautious interpretation of the estimates and consideration of this meta-analysis
as a starting point. In addition, the protocol was not prospectively registered, which could limit
methodological traceability and increase the risk of reporting bias, although transparency was
maintained in the procedures.

CONCLUSION

Despite these limitations, the results represent a first step toward making the situation of
critically ill patients in Bolivia visible and provide a basis for future multicenter research, national
registries, and policies aimed at improving the survival and recovery of patients and their families.
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APPENDIX

Table 1. Characteristics of the included studies

Average Age . .
ID Study . . Type of . Primary . N Deaths | Mortality .y
study Author Year period (yaegac:\s) (?922:) Country City / Hospital ICU Population diagnosis Study design (ICU) | inICU | inICU (%) Key findings
Cobana 5010- 1 month- Miﬁig?iig?i’io Children in the ICU Infectious / Descriptive Low overall mortality in
1 P 2016 4 Bolivia . : , Pediatric | with Acinetobacter . observational study/ | 257 7 2,72 Acinetobacter infection, in
(30) 2014 15 years Villarroel Children's . . Acinetobacter . S N
Hospital infection cross-sectional pediatric ICU (~2.7%).
Cochabamba, . . . Very low mortality in
5 Copana 5016 2011- 5 1 month- Bolivia Manuel Ascencio Pediatric | se i?;}gere?igvgtwk:)ck Sepsis / Septic Sgﬁi;:iifga/l 200 2 ] pediatric sepsis, with special
(31) 2015 15 years Villarroel Children's PSIs/sep Shock N attention to lactate
. inICU cross-sectional
Hospital clearance (~1%).
. La Paz, Trauma . o
2 Viruez- 5019 2012- 25 18-65 Bolivia Center Hospital Adults Ad'ult trguma Trauma Observational 485 23 6.80 Moderate mortality |r; adult
Soto (32) 2016 years . . patients in UCI cohort study trauma ICU (~6.8%).
Corazon de Jesus
Adult patients with rc\:/laliee(;actr;:r?tasl High mortality in cohorts of
4 Viruez- 5019 2014- 50 18-80 Bolivia La Paz, Hospital Adults mixed critical (predominant| Observational 550 80 25 critically |II. patients with
Soto (33) 2017 years Norte . . . cohort study emphasis on lactate
illnesses in the ICU Y sepsis) o
clearance (~32%).
De 5003- 1vear-1s MgﬁZZTizgne?\i’io Children with Descriptive Low mortality in pediatric
5 Pardo 2009 6 Y Bolivia . : , Pediatric poisonings in the Poisonings P 26 1 3,84 poisoning cohorts in the ICU
2008 years Villarroel Children's observational study o
(34) Hospital ICU (~3.8%).
Cochabamba, Children with Low mortality in pediatric
6 Copana 5021 2013- 5 1 month- Bolivia Manuel Ascencio Pediatric sepsis/SIRS in the Sepsis Observational 64 5 212 sepsis; the study focused on
(35) 2018 15 years Villarroel Children's P ICU P cohort study ' SIRS and gSOFA
Hospital (~3.1%).
Table 2. Assessment of the methodological quality of the included studies using the Newcastle-Ottawa Scale
. Adequate.selectlon of the Adequate Absence of Comparability Additional Adequate Follow-up sufficiently | Adequacy of
Representativeness comparison cohort or .. of cohorts by ot )
Study L. determination | the outcome . comparability assessment of prolonged to observe | cohort follow- | Total score
of the cohort clear definition of the . important
of exposure at baseline . by other factors the outcome the outcome up
cohort variables
Copana et al,, 2016,
Acinetobacter " " . * *
infection in the 7/
pediatric ICU
Copana et al,, 2016,
sepsis and septic " " " " " " 8/9
shock in the pediatric
ICU
Viruez-Soto et al.,, 2019,
trauma in the adult * * * * * * 8/9
ICU
Viruez-Soto et al., 2019,
mixed critically ill N N " . . 7/9
patients in the adult
ICU
De Pardo et al., 2009,
poisonings in the * * * * * 6/9
pediatric ICU
Copana et al,, 2021,
pediatric sepsis and * * * * * * 8/9
SIRS/gSOFA in the ICU

Note: * Indicates that the study met the corresponding criterion of the Newcastle-Ottawa Scale. The highest score is 9 and represents better methodological quality.
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