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ABSTRACT
Introduction  The burden of critical illness may have 
been underestimated. Previous analyses have used data 
from intensive care units (ICUs) only, and there is a lack 
of evidence about where in hospitals critically ill patients 
receive care. This study aims to determine the burden of 
critical illness among adult inpatients across hospitals in 
different global settings.
Methods  We performed a prospective, observational, 
hospital-based, point prevalence and cohort study in 
countries of different socioeconomic levels: Malawi, Sri 
Lanka and Sweden. On specific days, all adult in-patients 
in the eight study hospitals were examined by the study 
team for the presence of critical illness and followed up 
for hospital mortality. Patients with at least one severely 
deranged vital sign were classified as critically ill. The 
primary outcomes were the presence of critical illness 
and 30-day hospital mortality. In addition, we determined 
where the critically ill patients were being cared for and 
the association between critical illness and 30-day hospital 
mortality.
Results  Among 3652 hospitalised patients, we found a 
point prevalence of critical illness of 12.0% (95% CI 11.0 
to 13.1), with a hospital mortality of 18.7% (95% CI 15.3 
to 22.6). The crude OR of death of critically ill patients 
compared with non-critically ill patients was 7.5 (95% CI 
5.4 to 10.2). Of the critically ill patients, 96.1% (95% CI 
93.9 to 97.6) were cared for in the general wards outside 
ICUs.
Conclusions  The study has revealed a substantial burden 
of critical illness in hospitals from different global settings. 
One in eight hospital in-patients was critically ill, 19% of 
the critically ill died in hospital, and 96% of the critically ill 
patients were cared for outside of ICUs. Implementing the 
most feasible and low-cost critical care in general wards 

throughout hospitals would impact a large number of high-
risk patients and has the potential to improve outcomes 
across all acute care specialties.

INTRODUCTION
Critical illness is as a ‘state of ill health with 
vital organ dysfunction, a high risk of immi-
nent death if care is not provided and the 
potential for reversibility’.1 Regardless of 
underlying diagnosis, critically ill patients 
require similar supportive actions to stabilise 
vital organ functions and prevent death. Such 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Critical illness has been defined as ill health with vi-
tal organ failure and a high risk of imminent death if 
care is not provided.

	⇒ Provision of timely care to stabilise vital organ func-
tion of critically ill patients (critical care) can prevent 
mortality.

	⇒ The global burden of critical illness has not been ac-
curately determined. Existing estimates have been 
based on data only from intensive care units (ICU), 
a high-cost resource with widely varying availability 
between settings, and have not included critically ill 
patients in other hospital wards and units.

	⇒ The global incidence of critical illness has been es-
timated to be 30–45 million adults, and the hospital 
mortality of critically ill patients in ICUs has been 
estimated to be 22%.
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critical care interventions1 are needed wherever a criti-
cally ill patient is located.2 Although many effective crit-
ical care interventions are low cost and feasible,3 4 there 
is alarming evidence from different settings that they are 
frequently not provided.5–8 This may be an important 
contributor to the 8.6 million annual deaths estimated to 
be due to poor quality health services.9 Improving care 
for critically ill patients could increase survival across all 
acute care specialties.10–15

The World Health Assembly 2023 decided that critical 
care should be part of universal health coverage.16 Yet, 
there is limited evidence to inform policymakers about 
the burden of critical illness. Priority decisions and invest-
ments in healthcare and research are often grounded in 
sources based on patients’ diagnoses where information 
about critical illness is not captured.17 18 Most research 
into critical illness has been confined to intensive care 
units (ICUs), where advanced and high-cost critical care 
is provided.19 ICUs are sparse in rural and low resource 
settings where the needs for critical care are assumed 
to be highest.14 20–23 Per 100 000 population, ICU beds 
vary—from 0.1 in Malawi (low-income country) and 2.3 
in Sri Lanka (middle-income country) to 5.8 in Sweden 
and 35 in the USA (high-income countries).24–26

It has been estimated that the global incidence of crit-
ical illness among adults is 30–45 million per year, based 
on extrapolation from a North American ICU registry.27 
This may be an underestimation as the adult incidence 
of sepsis alone has been assessed to 24 million per year.28 
Additionally, there are indications that critically ill 
patients may often be cared for outside ICUs.29–35 There 
is a need of data from critically ill patients throughout 
hospitals, across ward types, specialties and socioeco-
nomic levels. In this multicentre global study, the objec-
tive was to assess the burden of critical illness among 
hospitalised adults.

METHODS
Study design and settings
This was a prospective, observational, hospital-based, 
point prevalence and cohort study in Malawi, Sri Lanka 
and Sweden. The study countries were chosen to include 
a low-income, a middle-income and a high-income 
country. Annual health expenditure (US$) per capita 
ranges from 33 in Malawi to 151 in Sri Lanka and 6915 
in Sweden.36 Data collections took place in individual 
days between 2017 and 2019 in the eight public hospitals 
including primary and referral hospitals in each country 
(table 1). All participants had their vital signs examined 
for the presence of critical illness, and they were followed 
up for hospital mortality, censored at 30 days. We used 
the term burden of critical illness when referring to the 
impact of critical illness—both occurrence (prevalence) 
and consequence (mortality).

The principles of Good Clinical Practice were followed. 
The strengthening of the reporting of observational 
studies in epidemiology initiative was used in the design 
and reporting of the study (online supplemental file 1).

Participants
In each hospital on the days of point prevalence assess-
ment, all patients admitted for in-patient care in the 
wards above 18 years of age were included in the study. 
All participants who were able to, provided informed 
consent. For the validity of the study, we included patients 
with reduced consciousness in the absence of objection 
from the patient (verbal or non-verbal) or from the next 
of kin. We could not include patients who were in oper-
ating theatres or those who were absent and could not 
be found later in the day. The study excluded patients 
who were not admitted to hospital (neither had stayed, 
nor planned to stay overnight), women in active labour, 
patients with a primarily psychiatric reason for admis-
sion and moribund patients identified as dying by the 
attending nurse.

Variables
Critical illness was defined as a state of ill health with vital 
organ dysfunction, a high risk of imminent death if care is not 
provided and a potential for reversibility1 and operationalised 
in the same way in all study settings by classifying a crit-
ically ill patient as someone with one or more severely 
deranged vital sign at the point prevalence examination. 
Such criteria are independent of ward type, specialty and 
diagnosis and are pragmatic for use in clinical practice. 
The parameters and a priori decided cut-offs for severely 
deranged vital signs are based on ‘danger signs’ that 
are triggers for clinical intervention used at Karolinska 
University Hospital (Sweden) and in Muhimbili National 
Hospital (Tanzania) (table 2).32 35 37 38

The primary study outcomes were the point preva-
lence of critical illness and the 30-day hospital mortality 
of patients with critical illness. In addition, we identified 
where in hospitals critically ill patients were cared for and 

WHAT THIS STUDY ADDS
	⇒ In this purposive sample of eight hospitals at different socioeco-
nomic levels, critical illness was common among adult inpatients 
(12% point prevalence).

	⇒ Critical illness had a high hospital mortality (19%).
	⇒ Critical illness was commonly found outside ICUs. A strikingly large 
majority of the critically ill (96%) were cared for in general wards.

	⇒ These findings indicate that there is a huge burden of critical ill-
ness, notably outside ICUs.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ Critical illness is a more important issue than previously thought.
	⇒ Researchers, clinicians, patient organisations and policymakers 
should enhance efforts to reduce mortality and morbidity in the 
large group of critically ill patients in hospitals.

	⇒ Such efforts should be focused across hospital wards and units, 
not just in ICUs.

	⇒ Implementing feasible low-cost critical care interventions through-
out hospitals would impact a large number of high-risk patients and 
has potential to improve outcomes across all medical specialties.
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we assessed the association between critical illness and 
30-day hospital mortality.

Data sources
Each hospital was assessed at least two times to control 
for seasonal variation. All hospital wards and units were 
visited, regardless of admitting specialty, to avoid selec-
tion bias. Teams of nurses and students of healthcare 
professions went from ward to ward to include all the 
hospital in-patients and assess their vital signs. A senior 
health professional or researcher supervised in each 
ward to ensure quality data collection. Prior to this, all 
data collectors had training and practice on research 
methods, ethics, study methods, equipment usage and 
standardised vital signs assessments. The equipment was 
quality tested before each data collection and included 
automatic blood pressure monitors, pulse oximeters 
and clocks. Abnormal vital signs were rechecked, and 
alternative methods were used if a vital sign could not 
be assessed (eg, using manual blood pressure measure-
ment). The nurse-in-charge of the ward was notified 
immediately when a patient was identified as critically ill. 
The research team offered to document all vital signs for 
use in patient care.

We used field validated case report forms (CRF) in all 
settings (online supplemental file 2). Paper-CRFs and 
double data entry into the database were used in Malawi 
and Sweden. In Sri Lanka, we used electronic CRFs on 
handheld tablets that subsequently fed into the data-
base. In Malawi and Sri Lanka, the clinical background 
information was extracted from the paper-based patient 
records and outcomes were collected through follow-up 
of records and hospital administrative data. In Sweden, 
these data were collected from the electronic medical 
records.

The patients’ hospital records were used for clinical 
information about age, sex, specialty and decision to not 
resuscitate (DNR) in case of cardiac arrest. ICU beds 
were classified per hospital definition. All other patients 
were classified as located in general wards. Some hospi-
tals described some ward beds as providing a higher care 
intensity termed ‘high care beds’ or ‘high dependency 
unit (HDU)’ beds. However, the care and interventions 
available in such locations varied substantially between 
settings, which precluded a formal analysis.

Study size
The study had the ambition to include as many patients 
as logistics would allow in hospitals at different levels in 
a low-income, a middle-income and a high-income coun-
tries. A pilot sample before the study start yielded a point 
prevalence of critical illness of 10% and a mortality of 
critical illness of 15%. We used these data to calculate 
that a minimum sample size of 1225 patients would be 
required to estimate the expected point prevalence with 
2% units’ absolute precision and a 95% confidence level.

Statistical methods
We used percentages to present point prevalence, hospital 
mortality and location of the critically ill. The association 
of critical illness and hospital mortality was assessed using 
ORs in crude logistic regression models and adjusted 
ORs (aOR) in models including prespecified potential 
confounders: age, sex and country. Missing data for a 
single vital sign were classified as not being a danger sign 
(the most common value), enabling use of the other vital 
signs to classify the patient’s critical illness status. Partici-
pants who were lost to follow-up or had missing data for 
age were excluded, to ensure that all analyses were based 
on the same cohort. A 95% CI was used in reporting find-
ings. Stata SE V.16.1 (Stata Corp, College Station, Texas) 
was used for statistical analyses.

RESULTS
Participants
A total of 3682 participants were included initially. A final 
cohort of 3652 participants was used for analyses, after 
exclusion of 20 patients who were lost to follow-up (18 
from Malawi and two from Sri Lanka) and 10 patients 
from Malawi with missing data for age. Out of 21 912 
expected data points for vital signs (6 per participant), 
56 (0.3%) were missing.

Descriptive data
Women comprised 2015 (55%) of all participants and 
224 (51%) of the critically ill. The median age of the 
cohort was 58 years (IQR 34–75) and varied from 35 
years (IQR 26–49) in Malawi to 73 years (IQR 61–82) 
Sweden. Among critically ill patients, the median age was 
and 61 years (IQR 37–76). The majority of patients were 
admitted to a medical ward: 1846 (51%) of all patients 
and 327 (74%) of the critically ill. Clinical characteristics 
of the cohort are presented in table 3 and online supple-
mental file 3.

Main results
Critical illness was present in 439 patients, corresponding 
to a point prevalence of critical illness of 12.0% (95% 
CI 11.0 to 13.1). The critically ill patients had a hospital 
mortality of 18.7% (95% CI 15.3–22.6). Of the critically 
ill patients, 96.1 (95% CI 93.9 to 97.6) were cared for in 
a general ward. Outcome data are presented in table 4.

Among the 30 patients excluded from analysis due to 
missing data for mortality and age, eight (27%) patients 

Table 2  Parameters and cutoffs for severely deranged vital 
signs—danger signs

Danger signs

A Airway sounds Stridor or gurgling or 
snoring

B Respiratory rate (per minute)
Oxygen saturation (%)

<8 or >30
<90

C Heart rate (per minute)
Systolic blood pressure (mm Hg)

<40 or >130
<90

D Conscious level Glasgow Coma Scale<9
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were critically ill (8/28 (29%) patients in Malawi and 0/2 
(0%) patients in Sri Lanka). Among the three critically 
ill patients with missing data for age in Malawi, one died 
(33%).

In the whole cohort, the association between critical 
illness and death was OR 7.5 (5.4–10.2). Two prespeci-
fied adjusted logistic regression models were used. In the 
model adjusted for age and sex, aOR was 7.3 (5.3–10.0). 
In the model adjusted for age, sex and country, aOR 
was 6.1 (4.4–8.4) (table  5, online supplemental file 3). 
The use of cubic splines to ensure that the association 
between age and death was not underestimated did not 
change the association between age and mortality in any 
model and so was not used.

DISCUSSION
Key results
In this prospective point prevalence and cohort study of 
all in-patients in eight hospitals from Malawi, Sri Lanka 
and Sweden, we found a substantial burden of critical 
illness. The point prevalence of critical illness was 12% 
and the critically ill patients had a hospital mortality of 

19%. A large majority of the critically ill patients (96%) 
were cared for in general wards outside of the ICUs.

Strengths and limitations
The prospective examination of all in-patients, regardless 
of diagnosis and location in the hospital, minimised the 
risk of selection bias and misclassification in the study. 
The quality of the data collection processes increased 
internal validity through high inclusion rates, data accu-
racy and few missing data points. Studying hospitals in a 
low-income, a middle-income and a high-income country 
enabled the inclusion of patients from settings with a 
large global variation. The feasible clinical criteria for 
identification of critical illness and the pragmatic data 
collection methods that were used enable replication in 
health facility audits and in large studies.

The study has limitations. First, the pragmatic criteria 
for critical illness may have missed high-risk patients whose 
vital signs were insufficiently deranged or who had been 
stabilised by healthcare interventions. Conversely, some 
patients with adapted physiology due to chronic disease 
may have been misclassified as critically ill. Second, we 

Table 3  Participant characteristics

All settings Malawi Sri Lanka Sweden

All Critical All Critical All Critical All Critical

Participants, n 3652 439 1107 204 723 43 1822 192

Death in hospital, n (%) 178 (4.9%) 82 (19%) 85 (7.1%) 42 (21%) 8 (1.1%) 6 (14%) 85 (4.7%) 34 (18%)

Female, n (%) 2015 (55%) 224 (51%) 653 (59%) 119 (58%) 436 (60%) 17 (40%) 926 (51%) 88 (46%)

Age, years (IQR) 58 (34–75) 61 (37–76) 35 (26–49) 38 (30–51) 41 (30–62) 56 (39–68) 73 (61–82) 76 (69–86)

Specialty, n (% per column)

 � Medicine 1846 (51%) 327 (74%) 461 (42%) 143 (70%) 244 (34%) 24 (56%) 1141 (62%) 160 (83%)

 � OBG 653 (18%) 24 (5.5%) 283 (26%) 16 (7.8%) 260 (36%) 7 (16%) 110 (6.0%) 1 (0.5%)

 � Surgery 1151 (31%) 87 (20%) 362 (33%) 45 (22%) 218 (30%) 11 (26%) 571 (31%) 31 (16%)

 � Unknown 2 (<0.1%) 1 (<0.1%) 1 (<0.1%) 0 1 (<0.1%) 1 (2.3%) 0 0

DNR, n (% per column) 348 (10%) 81 (18%) 2 (0.2%) 2 (1%) 0 0 346 (19%) 79 (41%)

Level of care, n (% per column)

 � ICU 52 (1.4%) 17 (3.9%) 5 (0.5%) 3 (1.5%) 7 (1.0%) 3 (7.0%) 40 (2.2%) 11 (5.7%)

 � General ward 3600 (99%) 422 (96%) 1102 (99%) 201 (99%) 716 (99%) 40 (93%) 1782 (98%) 181 (94%)

DNR, decision to not resuscitate in case of cardiac arrest; ICU, intensive care unit; IQR, interquartile range; OBG, obstetrics and 
gynaecology.

Table 4  Critical illness: point prevalence, mortality and location of care

All Malawi Sri Lanka Sweden

Prevalence critical illness, % (95% CI) 12.0 (11.0–13.1) 18.4 (16.3–20.1) 5.9 (4.4–7.9) 10.5 (9.2–12.0)

Mortality critical illness, % (95% CI) 18.7 (15.3–22.6) 20.6 (15.6–26.7) 14.0 (6.3–28.3) 17.7 (12.9–23.8)

Location of critically ill patients, % (95% CI)

 � ICU 3.9 (2.4–6.1) 1.5 (0.5–4.5) 7.0 (2.2–20.1) 5.7 (3.2–10.1)

 � General ward 96.1 (93.9–97.6) 98.5 (95.5–99.5) 93.0 (79.9–97.8) 94.3 (89.9–96.8)

CI, confidence interval; ICU, intensive care unit.
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could not include patients in operating theatres, some 
of whom may have been critically ill. Third, we did not 
collect data in emergency units. For feasibility and less 
heterogeneity concerning the clinical situation, the study 
included in-patients only. Fourth, data were collected 
during working hours and the burden of critical illness 
may be different in weekends and at night.39 Fifth, the 
ethical imperative to inform the ward nurses about the 
patients who were critically ill might have led to improved 
care and reduced critical illness mortality of the study 
cohort. Last, the restricted number of countries and 
hospitals included in the study limits generalisation, but 
we do not have reason to think that the burden of critical 
illness would be markedly different in other hospitals.

Interpretation
The study findings from different global settings confirm 
previous signals that critical illness may be common 
across hospitals and outside ICU—and a marker of 
higher danger than diagnoses in the centre of attention. 
The point prevalence of critical illness in our study is 
consistent with data that could be extracted from single-
centre studies with other aims. Among hospital patients 
in Finland and Sweden, 8% and 12%–14%, respectively, 
had a severely deranged vital sign.30 34 35 In medical and 
surgical wards in Uganda, 12% of patients had a ‘crit-
ical’ modified early warning score of more than 5.33 
Our results support previous indications of a substan-
tial burden of critical illness across hospitals in different 
global contexts.27

The mortality of critically ill patients found is high 
compared with other patient groups and diagnoses of 
public and policy interest. For example, patients admitted 
for care in Swedish ICUs had a hospital mortality of 

14%.40 Among patients with COVID-19 during the 
severe first wave of the pandemic in USA in 2020, 20% 
died in hospital.41 Admitted patients with acute myocar-
dial infarction with ST-elevation in Sub-Saharan Africa, 
South Asia and North Europe had 30-day mortalities of 
2.4%–5.0%, 1.0% and 0.4%, respectively.42–44 While each 
critically ill patient also has an underlying diagnosis in 
need of treatment, the findings from this study confirm 
that critical illness, identified in a pragmatic way using 
single severely deranged vital signs, is a high-risk condi-
tion (crude OR 7.5) across global settings.

Contrary to common belief, most critically ill patients 
were cared for in general wards outside ICUs. As coun-
tries have such large differences in the number of ICU 
beds—350 times more beds per 100 000 population in 
the USA than in Malawi26—the presence of critically ill 
patients in general wards might be assumed to be specific 
to low-income countries. This is neither supported by 
our results nor by previous research.30 31 34 Future strat-
egies aiming at reducing mortality in acute care need to 
consider care processes for critically ill patients in the 
general wards.

There are likely explanations behind specific findings 
in each of the study countries. Sri Lanka, the middle-
income country, had the lowest prevalence and mortality 
of critical illness. However, it had also the lowest mortality 
of non-critically ill patients (0.3%), which explains the 
high OR for critical illness in Sri Lanka. One reason 
behind this may be a higher number of hospital beds 
(420) per 100 000 population than Sweden (210) and 
Malawi (130).36 This could lead to a lower threshold 
for admitting patients to hospitals in Sri Lanka than 
the other countries, thus ‘diluting’ the proportion of 

Table 5  The association between critical illness and 30-day hospital mortality

All Malawi Sri Lanka Sweden

Crude models

 � Critical illness, OR (95% CI) 7.5 (5.4–10.2)
p<0.001

5.2 (3.3–8.2)
p<0.001

55.0 (10.7-282)
p<0.001

6.7 (4.2–10.6)
p<0.001

Adjusted models

 � Critical illness, aOR (95% CI) 7.3 (5.3–10.0)
p<0.001

5.3 (3.4–8.5)
p<0.001

41.1 (7.8–217)
p<0.001

5.5 (3.4–8.8)
p<0.001

 � Age (1 year), aOR (95% CI) 1.01 (1.00–1.02) 1.01 (0.99–1.02) 1.02 (0.98–1.06) 1.04 (1.02–1.06)

 � Sex (male), aOR (95% CI) 2.0 (1.4–2.7) 2.7 (1.7–4.4) 2.5 (0.5–14) 1.6 (0.9–2.5)

 � Critical illness aOR (95% CI) 6.1 (4.4–8.4)
p<0.001

 � Age, (1 year), aOR (95% CI) 1.02 (1.01–1.03)

 � Sex, (male), aOR (95% CI) 2.0 (1.5–2.8)

 � Country, aOR (95% CI)

  �  Malawi 6.8 (3.2–14.4)

  �  Sweden 2.4 (1.1–5.2)

  �  Sri Lanka 1 (reference)

aOR, adjusted OR; CI, confidence interval; IQR, interquartile range; OR, odds ratio.
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critically ill patients. It was not surprising that the highest 
critical illness mortality would be found for the patients 
in Malawi (21%) where resources are far scarcer than in 
the other countries, affecting both the determinants of 
health and the budget for healthcare.36 Additionally, crit-
ical illness may be more common outside hospitals, since 
limited access to health facilities may delay or preclude 
care in low-resource settings.45 The high mortality of 
critically ill patients in Sweden (18%) was an interesting 
finding and is most likely explained by the high median 
age of the patients (73 years). Frailty, multimorbidity 
and death are more common in older individuals.46 It 
should be noted that most patients with a DNR in Sweden 
receive active treatments for their acute illness, such as 
pneumonia or hip fracture, so they were included in 
analyses. Conversely, moribund patients were excluded 
from the study.

Implications
The findings indicate the importance of health systems 
recognising and prioritising critical illness, not only in 
ICUs and emergency units but also throughout in-hospital 
services, units and wards. This would be an achievable 
aim and in fact, critical care for most critically ill patients 
can be provided outside ICUs.5 6 10 12 14 47–49 The recently 
defined Essential Emergency and Critical Care (EECC) 
describes such care and includes 40 foundational inter-
ventions selected for clinical effectiveness and feasibility 
in all hospital settings such as triage, airway protection, 
oxygen therapy and effective communication.3 13 EECC 
aligns with WHO’s Fair Choices for universal coverage, 
aiming to maximise equity, effectiveness and popula-
tion impact of healthcare interventions.50 Ward-based 
critical care has lower costs and has been shown to be 
more cost-effective than care in ICUs for many patient 
groups.51–54 In Tanzania, EECC has been estimated to 
be highly cost-effective at 14 US$ per healthy life-year 
gained.23 Ensuring EECC is provided to all patients who 
need it throughout hospitals and health systems could 
be the rational first step when improving critical care 
services.12 49 In cases where such foundational critical care 
is not enough to stabilise organ functions, HDUs may be 
a reasonable subsequent step for the health system and 
may be more equitable and effective than focusing on 
expansion of resource-intensive ICUs.15 55–57 In current 
times, when critical care is becoming part of universal 
health coverage,16 governments and health organisations 
that use a strategy to improve critical care of starting 
from the foundational level and building up from there 
could reach all critically ill patients, be cost-effective, and 
maximise impact at population level.11 12 15

CONCLUSION
The study has revealed a substantial burden of critical 
illness in hospitals from different global settings. One 
in eight hospital in-patients was critically ill, 19% of the 
critically ill died in hospital, and 96% of the critically ill 

patients were cared for in general wards outside of ICUs. 
Implementing feasible, low-cost, critical care in general 
wards and units throughout hospitals would impact a 
large number of high-risk patients and has the potential 
to improve outcomes across all acute care specialties.

Author affiliations
1Global Public Health, Karolinska Institutet, Stockholm, Sweden
2Centre for Clinical Research Sörmland, Uppsala University, Eskilstuna, Sweden
3Department of Medicine, Nyköpings Hospital, Region Sörmland, Nyköping, Sweden
4Market Dynamics, Global Health Program, PATH, Lilongwe, Malawi
5Network for Improving Critical Care Systems and Training, Colombo, Sri Lanka
6Pandemic Science Hub and Institute for Regeneration and Repair, Edinburgh, UK
7Network for Improving Critical Systems and Training, Colombo, Sri Lanka
8Research, Education, Development & Innovation (REDI), Region Vastra Gotaland, 
Gothenburg, Sweden
9Adult Emergency and Trauma Centre, Queen Elizabeth Central Hospital, Blantyre, 
Malawi
10Emergency Medicine Unit, Kamuzu University of Health Sciences, Blantyre, 
Malawi
11Teaching Hospital Jaffna, Jaffna, Sri Lanka
12Department of Otorhinolaryngology, Karolinska University Hospital, Stockholm, 
Sweden
13Department of Allied Health Sciences, University of Colombo Faculty of Medicine, 
Colombo, Sri Lanka
14National Intensive Care Surveillance-MORU, Colombo, Sri Lanka
15Perioperative Medicine and Intensive Care, Karolinska University Hospital, 
Stockholm, Sweden
16DGH Monaragala, Monaragala, Sri Lanka
17Anaesthesia and Intensive Care, Queen Elizabeth Central Hospital, Blantyre, 
Malawi
18Public Health and Caring Sciences, Uppsala University, Uppsala, Sweden
19Dedza District Health Office, Dedza, Malawi
20Medical Surgical Nursing, Malawi College of Health Sciences, Blantyre, Malawi
21Food Safety and Health Research Centre, School of Public Health, Southern 
Medical University, Guangzhou, Guangdong, China
22Department of Anesthesia and Intensive care, Queen Elizabeth Central Hospital, 
Blantyre, Malawi
23Nursing Department, Adult Health, Kamuzu University of Health Sciences, 
Blantyre, Malawi
24Department of Community and Family Medicine, University of Jaffna Faculty of 
Medicine, Jaffna, Sri Lanka
25Department of nursing, Malawi college of Health Sciences, Blantyre, Malawi
26Ministry of Health, Lilongwe, Malawi
27Anesthesiology and Intensive Care, Department of Surgical Sciences, Uppsala 
University, Uppsala, Sweden
28Hedenstierna Laboratory, Department of Surgical Sciences, Uppsala University, 
Uppsala, Sweden
29Pandemic Science Hub and Institute for Regeneration and Repair, University of 
Edinburgh, Edinburgh, UK
30School of Medical Sciences, Örebro University, Orebro, Sweden
31CLINTEC, Karolinska Institutet, Stockholm, Sweden
32Muhimbili University of Health and Allied Sciences, Dar es Salaam, United 
Republic of Tanzania

X Carl Otto Schell @carlottoschell

Acknowledgements  We thank all the assistant nurses, nurses, doctors and 
students in nursing and biomedical science who collected data in their settings. 
We are grateful to the management at hospital and ward levels and the research 
units and universities in the study settings for facilitation and cooperation. We also 
thank Annie Mkandawire, Boel Pettersson, Christina Karlsson, Frank Kaminyoghe, 
Henry Lizi, Jonathan Walsh, Kanagarathnam Sathiamoorthy, Katarina Axelzon, Kyle 
Bennet, Maria Forsström, Nilmini Dullewe, Nirodha de Silva, R.M.D Rathnayake and 
Tamara Phiri and Thom Mbewe for coordination and support.

Contributors  Conceptualisation: COS, MC, TB. Design: AB, COS, GB, MC, NJ, RH, 
TB. Data acquisition: AB, AH, AW, AKM, COS, CK, CH, GB, HS, IM, LK, MC, ML, MK, 
NJ, OD, PB-S, RKK, RH, JAS, SR, TB, WW, WKM. Data analysis or management: 
AB, AH, AW, CH, CK, COS, MC, RK, TB. Data interpretation: AW, COS, LK, MC, MGW, 

B
M

J G
lobal H

ealth: first published as 10.1136/bm
jgh-2024-017119 on 25 M

arch 2025. D
ow

nloaded from
 https://gh.bm

j.com
 on 7 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://x.com/carlottoschell


8 Schell CO, et al. BMJ Glob Health 2025;10:e017119. doi:10.1136/bmjgh-2024-017119

BMJ Global Health

ML, RKK, RH. Funding: AW, COS, HS, LK, MC, ML, TB. Administrative, technical or 
material support: AB, AH, AW, CK, CH, GB, IM, LK, MC, NJ, RKK, RH, SM, JAS, SR, TB, 
WKM. Drafting manuscript: COS, TB. Supervision: CSL, MC, TB. Guarantors: COS, 
TB. All authors critically revised the manuscript and accepted the final version.

Funding  The study was supported by grants from Centre for Clinical Research 
Sörmland, Uppsala University (DLL-981904); Regional Research Council Mid 
Sweden (RFR-939673); Life support foundation, Association of Anaesthetists of 
Great Britain and Ireland (AAGBI) and Laerdal Foundation.

Competing interests  COS and TB are board members of the not-for-profit 
organisation EECC Global (non-financial associations). The remaining authors 
declare no conflicts of interest.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants and was approved 
by Malawi: College of Medicine (P.08/16/2007); Sri Lanka: University of Kelaniya 
(P/111/04/2018) and University of Jaffna (J/ERC/19/102/NDR/0205); Sweden: 
Ethical Review Board Stockholm (2017-1907-31-1). Participants gave informed 
consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer-reviewed.

Data availability statement  Data are available upon reasonable request. 
Unidentified data are available upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Carl Otto Schell http://orcid.org/0000-0002-7904-1336
Abi Beane http://orcid.org/0000-0003-4058-7670
Andreas Wellhagen http://orcid.org/0000-0002-0816-6932
Anna Hvarfner http://orcid.org/0000-0002-1718-0007
Martin Gerdin Wärnberg http://orcid.org/0000-0001-6069-4794
Petronella Bjurling-Sjöberg http://orcid.org/0000-0003-0245-3057
Annie Kalibwe Mkandawire http://orcid.org/0009-0001-7816-1504
Hampus Sjöstedt http://orcid.org/0000-0002-1021-8308
Cecilia Stalsby Lundborg http://orcid.org/0000-0001-6525-1861
Rashan Haniffa http://orcid.org/0000-0002-8288-449X
Lisa Kurland http://orcid.org/0000-0003-3290-4111
Markus Castegren http://orcid.org/0000-0002-9292-0298
Tim Baker http://orcid.org/0000-0001-8727-7018
	 1	 Kayambankadzanja, RK, Schell CO, Gerdin Wärnberg M, et al. 

Towards definitions of critical illness and critical care using concept 
analysis. BMJ Open 2022;12:e060972. 

	 2	 Bartlett ES, Lim A, Kivlehan S, et al. Critical care delivery 
across health care systems in low-income and low-middle-
income country settings: A systematic review. J Glob Health 
2023;13:04141. 

	 3	 Schell CO, Khalid K, Wharton-Smith A, et al. Essential Emergency 
and Critical Care: a consensus among global clinical experts. BMJ 
Glob Health 2021;6:e006585. 

	 4	 Guinness L, Kairu A, Kuwawenaruwa A, et al. Essential emergency 
and critical care as a health system response to critical illness and 
the COVID19 pandemic: what does it cost? Cost Eff Resour Alloc 
2023;21:15. 

	 5	 Reynolds TA, Sawe H, Rubiano AM, et al. Strengthening Health 
Systems to Provide Emergency Care. Washington (DC): The 
International Bank for Reconstruction and Development / The World 
Bank, 2017.

	 6	 King C, Banda M, Bar-Zeev N, et al. Care-seeking patterns amongst 
suspected paediatric pneumonia deaths in rural Malawi. Gates Open 
Res 2020;4:178. 

	 7	 Hogan H, Healey F, Neale G, et al. Preventable deaths due to 
problems in care in English acute hospitals: a retrospective case 
record review study. BMJ Qual Saf 2012;21:737–45. 

	 8	 Barasa EW, Ouma PO, Okiro EA. Assessing the hospital surge 
capacity of the Kenyan health system in the face of the COVID-19 
pandemic. PLoS One 2020;15:e0236308. 

	 9	 Kruk ME, Gage AD, Joseph NT, et al. Mortality due to low-
quality health systems in the universal health coverage era: a 
systematic analysis of amenable deaths in 137 countries. Lancet 
2018;392:2203–12. 

	10	 Losonczy LI, Papali A, Kivlehan S, et al. White Paper on Early 
Critical Care Services in Low Resource Settings. Ann Glob Health 
2021;87:105. 

	11	 Owoo C, Adhikari NKJ, Akinola O. The World Health Assembly 
resolution on integrated emergency, critical, and operative care for 
universal health coverage and protection from health emergencies: 
a golden opportunity to attenuate the global burden of acute and 
critical illness. Intensive Care Med 2023;49:1223–5. 

	12	 Buowari DY, Owoo C, Gupta L, et al. Essential Emergency and 
Critical Care: A Priority for Health Systems Globally. Crit Care Clin 
2022;38:639–56. 

	13	 Schell CO, Gerdin Wärnberg M, Hvarfner A, et al. The global need for 
essential emergency and critical care. Crit Care 2018;22:284. 

	14	 Crawford AM, Shiferaw AA, Ntambwe P, et al. Global critical care: a 
call to action. Crit Care 2023;27:28. 

	15	 Schell CO, Khalid K, Baker T. Essential emergency and critical care. 
In: Chopra M, Hou X, Nimako KT, et al, eds. Hospitals in Health 
Systems: Opportunities for Efficient, High-quality, and Integrated 
Care. Washington, D.C: World Bank Group, 2024: 169–77.

	16	 World Health Organization. Resolution WHA EB152(3): integrated 
emergency, critical and operative care for universal health coverage 
and protection from health em. 2023.

	17	 Wunsch H, Rowan KM, Angus DC. International comparisons 
in critical care: a necessity and challenge. Curr Opin Crit Care 
2007;13:725–31. 

	18	 Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, et al. Global, 
regional, and national levels and causes of maternal mortality during 
1990–2013: a systematic analysis for the Global Burden of Disease 
Study 2013. The Lancet 2014;384:980–1004. 

	19	 Vincent J-L, Marshall JC, Namendys-Silva SA, et al. Assessment 
of the worldwide burden of critical illness: the intensive care over 
nations (ICON) audit. Lancet Respir Med 2014;2:380–6. 

	20	 Murthy S, Wunsch H. Clinical review: International comparisons in 
critical care - lessons learned. Crit Care 2012;16:218. 

	21	 Murthy S, Adhikari NK. Global Health Care of the Critically Ill in Low-
Resource Settings. Annals ATS 2013;10:509–13. 

	22	 Dünser MW, Towey RM, Amito J, et al. Intensive care medicine in 
rural sub‐Saharan Africa. Anaesthesia 2017;72:181–9. 

	23	 Shah HA, Baker T, Schell CO, et al. Cost Effectiveness of Strategies 
for Caring for Critically Ill Patients with COVID-19 in Tanzania. 
Pharmacoecon Open 2023;7:537–52. 

	24	 Sonenthal PD, Kasomekera N, Connolly E, et al. Critical Care Units 
in Malawi: A Cross-Sectional Study. Ann Glob Health 2023;89:51. 

	25	 Phua J, Faruq MO, Kulkarni AP, et al. Critical Care Bed Capacity in 
Asian Countries and Regions. Crit Care Med 2020;48:654–62. 

	26	 Ma X, Vervoort D. Critical care capacity during the COVID-19 
pandemic: Global availability of intensive care beds. J Crit Care 
2020;58:96–7. 

	27	 Adhikari NKJ, Fowler RA, Bhagwanjee S, et al. Critical care 
and the global burden of critical illness in adults. Lancet 
2010;376:1339–46. 

	28	 Rudd KE, Johnson SC, Agesa KM, et al. Global, regional, and 
national sepsis incidence and mortality, 1990-2017: analysis for the 
Global Burden of Disease Study. Lancet 2020;395:200–11. 

	29	 Dart PJ, Kinnear J, Bould MD, et al. An evaluation of inpatient 
morbidity and critical care provision in Zambia. Anaesthesia 
2017;72:172–80. 

	30	 Friman O, Bell M, Djärv T, et al. National Early Warning Score vs 
Rapid Response Team criteria-Prevalence, misclassification, and 
outcome. Acta Anaesthesiol Scand 2019;63:215–21. 

	31	 Prytherch DR, Smith GB, Schmidt PE, et al. ViEWS--Towards 
a national early warning score for detecting adult inpatient 
deterioration. Resuscitation 2010;81:932–7. 

	32	 Mboya EA, Ndumwa HP, Amani DE, et al. Critical illness at the 
emergency department of a Tanzanian national hospital in a three-
year period 2019-2021. BMC Emerg Med 2023;23:86. 

	33	 Kruisselbrink R, Kwizera A, Crowther M, et al. Modified Early 
Warning Score (MEWS) Identifies Critical Illness among Ward 

B
M

J G
lobal H

ealth: first published as 10.1136/bm
jgh-2024-017119 on 25 M

arch 2025. D
ow

nloaded from
 https://gh.bm

j.com
 on 7 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-7904-1336
http://orcid.org/0000-0003-4058-7670
http://orcid.org/0000-0002-0816-6932
http://orcid.org/0000-0002-1718-0007
http://orcid.org/0000-0001-6069-4794
http://orcid.org/0000-0003-0245-3057
http://orcid.org/0009-0001-7816-1504
http://orcid.org/0000-0002-1021-8308
http://orcid.org/0000-0001-6525-1861
http://orcid.org/0000-0002-8288-449X
http://orcid.org/0000-0003-3290-4111
http://orcid.org/0000-0002-9292-0298
http://orcid.org/0000-0001-8727-7018
http://dx.doi.org/10.1136/bmjopen-2022-060972
http://dx.doi.org/10.7189/jogh.13.04141
http://dx.doi.org/10.1136/bmjgh-2021-006585
http://dx.doi.org/10.1136/bmjgh-2021-006585
http://dx.doi.org/10.1186/s12962-023-00425-z
http://dx.doi.org/10.12688/gatesopenres.13208.2
http://dx.doi.org/10.12688/gatesopenres.13208.2
http://dx.doi.org/10.1136/bmjqs-2011-001159
http://dx.doi.org/10.1371/journal.pone.0236308
http://dx.doi.org/10.1016/S0140-6736(18)31668-4
http://dx.doi.org/10.5334/aogh.3377
http://dx.doi.org/10.1007/s00134-023-07176-8
http://dx.doi.org/10.1016/j.ccc.2022.06.008
http://dx.doi.org/10.1186/s13054-018-2219-2
http://dx.doi.org/10.1186/s13054-022-04296-3
http://dx.doi.org/10.1097/MCC.0b013e3282f1bb56
http://dx.doi.org/10.1016/S0140-6736(14)60696-6
http://dx.doi.org/10.1016/S2213-2600(14)70061-X
http://dx.doi.org/10.1186/cc11140
http://dx.doi.org/10.1513/AnnalsATS.201307-246OT
http://dx.doi.org/10.1111/anae.13710
http://dx.doi.org/10.1007/s41669-023-00418-x
http://dx.doi.org/10.5334/aogh.4053
http://dx.doi.org/10.1097/CCM.0000000000004222
http://dx.doi.org/10.1016/j.jcrc.2020.04.012
http://dx.doi.org/10.1016/S0140-6736(10)60446-1
http://dx.doi.org/10.1016/S0140-6736(19)32989-7
http://dx.doi.org/10.1111/anae.13709
http://dx.doi.org/10.1111/aas.13245
http://dx.doi.org/10.1016/j.resuscitation.2010.04.014
http://dx.doi.org/10.1186/s12873-023-00858-y


Schell CO, et al. BMJ Glob Health 2025;10:e017119. doi:10.1136/bmjgh-2024-017119 9

BMJ Global Health

Patients in a Resource Restricted Setting in Kampala, Uganda: A 
Prospective Observational Study. PLoS One 2016;11:e0151408. 

	34	 Tirkkonen J, Olkkola KT, Huhtala H, et al. Medical emergency team 
activation: performance of conventional dichotomised criteria 
versus national early warning score. Acta Anaesthesiol Scand 
2014;58:411–9. 

	35	 Bell MB, Konrad D, Granath F, et al. Prevalence and sensitivity of 
MET-criteria in a Scandinavian University Hospital. Resuscitation 
2006;70:66–73. 

	36	 World Bank. World bank open data 2024. Available: https://data.​
worldbank.org/indicator [Accessed 23 Jan 2024].

	37	 Baker T, Blixt J, Lugazia E, et al. Single Deranged Physiologic 
Parameters Are Associated With Mortality in a Low-Income Country. 
Crit Care Med 2015;43:2171–9. 

	38	 Parker RK, Mwachiro EB, Mwachiro MM, et al. Mortality Prediction in 
Rural Kenya: A Cohort Study of Mechanical Ventilation in Critically Ill 
Patients. Crit Care Explor 2019;1:e0067. 

	39	 Indik JH. Is it Like Night and Day, or Weekend? J Am Coll Cardiol 
2018;71:412–3. 

	40	 Rydenfelt K, Engerström L, Walther S, et al. In-hospital vs. 30-day 
mortality in the critically ill - a 2-year Swedish intensive care cohort 
analysis. Acta Anaesthesiol Scand 2015;59:846–58. 

	41	 Rosenthal N, Cao Z, Gundrum J, et al. Risk Factors Associated 
With In-Hospital Mortality in a US National Sample of Patients With 
COVID-19. JAMA Netw Open 2020;3:e2029058. 

	42	 Schamroth C. Management of acute coronary syndrome in South 
Africa : insights from the ACCESS (Acute Coronary Events - a 
Multinational Survey of Current Management Strategies) registry : 
cardiovascular topics. CVJA 2012;23:365–70. 

	43	 Ogeng’o JA, Olabu BO, Ong’era D, et al. Pattern of acute myocardial 
infarction in an African country. Acta Cardiol 2010;65:613–8. 

	44	 Rosselló X, Huo Y, Pocock S, et al. Global geographical variations in 
ST-segment elevation myocardial infarction management and post-
discharge mortality. Int J Cardiol 2017;245:27–34. 

	45	 Rutherford ME, Mulholland K, Hill PC. How access to health care 
relates to under-five mortality in sub-Saharan Africa: systematic 
review. Trop Med Int Health 2010;15:508–19. 

	46	 Cunha AIL, Veronese N, de Melo Borges S, et al. Frailty as a 
predictor of adverse outcomes in hospitalized older adults: 
A systematic review and meta-analysis. Ageing Res Rev 
2019;56:100960. 

	47	 Graham HR, Bakare AA, Ayede AI, et al. Cost-effectiveness and 
sustainability of improved hospital oxygen systems in Nigeria. BMJ 
Glob Health 2022;7:e009278. 

	48	 Werner K, Risko N, Kalanzi J, et al. Cost-effectiveness analysis of 
the multi-strategy WHO emergency care toolkit in regional referral 
hospitals in Uganda. PLoS ONE 2022;17:e0279074. 

	49	 Santesson I, Schell CO, Bjurling-Sjöberg P. Capability to identify and 
manage critical conditions: effects of an interprofessional training 
intervention. BMC Med Educ 2024;24:584. 

	50	 Ottersen T, Norheim OF, World Health Organization Consultative 
Group on Equity and Universal Health Coverage. Making fair choices 
on the path to universal health coverage. Bull World Health Organ 
2014;92:389. 

	51	 Cleary SM, Wilkinson T, Tamandjou Tchuem CR, et al. Cost-
effectiveness of intensive care for hospitalized COVID-19 patients: 
experience from South Africa. BMC Health Serv Res 2021;21:82. 

	52	 Kairu A, Were V, Isaaka L, et al. Modelling the cost-effectiveness of 
essential and advanced critical care for COVID-19 patients in Kenya. 
BMJ Glob Health 2021;6:e007168. 

	53	 Gooch RA, Kahn JM. ICU bed supply, utilization, and health 
care spending: an example of demand elasticity. JAMA 
2014;311:567–8. 

	54	 Rubenfeld GD. Cost-effective critical care: cost containment and 
rationing. Semin Respir Crit Care Med 2012;33:413–20. 

	55	 Manda-Taylor L, Mndolo S, Baker T. Critical care in Malawi: The 
ethics of beneficence and justice. Malawi Med J 2017;29:268–71. 

	56	 Morton B, Banda NP, Nsomba E, et al. Establishment of a high-
dependency unit in Malawi. BMJ Glob Health 2020;5:e004041. 

	57	 Beza Z, Tadesse R, Teshome H, et al. Admission indications, initial 
diagnoses, Interventions, and patient outcomes within the sole 
obstetric high-dependency unit in Ethiopia. BMC Womens Health 
2024;24:329. 

B
M

J G
lobal H

ealth: first published as 10.1136/bm
jgh-2024-017119 on 25 M

arch 2025. D
ow

nloaded from
 https://gh.bm

j.com
 on 7 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://dx.doi.org/10.1371/journal.pone.0151408
http://dx.doi.org/10.1111/aas.12277
http://dx.doi.org/10.1016/j.resuscitation.2005.11.011
https://data.worldbank.org/indicator
https://data.worldbank.org/indicator
http://dx.doi.org/10.1097/CCM.0000000000001194
http://dx.doi.org/10.1097/CCE.0000000000000067
http://dx.doi.org/10.1016/j.jacc.2017.11.044
http://dx.doi.org/10.1111/aas.12554
http://dx.doi.org/10.1001/jamanetworkopen.2020.29058
http://dx.doi.org/10.5830/CVJA-2012-017
http://dx.doi.org/10.2143/AC.65.6.2059856
http://dx.doi.org/10.1016/j.ijcard.2017.07.039
http://dx.doi.org/10.1111/j.1365-3156.2010.02497.x
http://dx.doi.org/10.1016/j.arr.2019.100960
http://dx.doi.org/10.1136/bmjgh-2022-009278
http://dx.doi.org/10.1136/bmjgh-2022-009278
http://dx.doi.org/10.1371/journal.pone.0279074
http://dx.doi.org/10.1186/s12909-024-05567-z
http://dx.doi.org/10.2471/BLT.14.139139
http://dx.doi.org/10.1186/s12913-021-06081-4
http://dx.doi.org/10.1136/bmjgh-2021-007168
http://dx.doi.org/10.1001/jama.2013.283800
http://dx.doi.org/10.1055/s-0032-1322411
http://dx.doi.org/10.4314/mmj.v29i3.8
http://dx.doi.org/10.1136/bmjgh-2020-004041
http://dx.doi.org/10.1186/s12905-024-03175-z

	Hospital burden of critical illness across global settings: a point prevalence and cohort study in Malawi, Sri Lanka and Sweden
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study design and settings
	Participants
	Variables
	Data sources
	Study size
	Statistical methods

	Results
	Participants
	Descriptive data
	Main results

	Discussion
	Key results
	Strengths and limitations
	Interpretation
	Implications

	Conclusion


