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CLINICAL REPORT

Objective: To identify modifiable intensive care unit factors 
associated with outcomes among patients receiving invasive 
mechanical ventilation in a low-income setting. 

Methods: This prospective, multicenter, registry-embedded 
observational study has two components: a prospective registry-
based cohort assessing patient- and care-process-related factors 
and a cross-sectional intensive care unit survey evaluating 
organizational structure. Functional intensive care units in Uganda 
will be included. Patients aged ≥ 15 years old requiring invasive 
mechanical ventilation will be enrolled. Patients extubated within  
48 hours, transferred after > 24 hours, and imminent early 
death will be excluded. Primary outcomes will include 28-day 
intensive care unit mortality, intensive care unit length of stay, 
and mechanical ventilation duration. Tracheostomy-related 

outcomes will be explored in a pre-planned sub-study. Factors 
potentially associated with outcomes will be categorized 
into non-modifiable and potentially modifiable factors. 
Non-modifiable factors will include patient-related factors 
like age, comorbidities, and illness severity; potentially 
modifiable factors include processes of care (e.g., sedation 
levels) and intensive care unit organizational structure 
(e.g., staffing patterns). Multilevel multivariable logistic 
regression models will assess association outcomes. Survival 
analysis (Kaplan-Meier curves) will explore mortality 
trends. Confounders will be identified using directed  
acyclic graphs.

Results (anticipated findings): This study will generate 
high-quality data on modifiable intensive care unit 
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INTRODUCTION

In low and middle-income countries (LMICs), up to 
two-thirds of intensive care unit (ICU) admissions necessitate 
invasive mechanical ventilation (IMV), compared to half 
of ICU admissions globally.(1-3) Though IMV is a lifesaving 
organ support technique, it is also linked to complications like 
ventilator-associated lung injury and requires complex processes 
of care.(4) Despite being younger, ventilated patients in LMICs 
have two to four times higher mortality than high-income  
countries (HICs).(5-8) Patients with acute respiratory distress 
syndrome (ARDS) in LMICs face an even greater risk, 70% 
higher than in HICs.(9)

Several modifiable factors to improve ICU outcomes 
in HICs have been identified – such as adherence to low 
tidal volume ventilation, optimal sedation practices, 
fluid conservative management, and ventilator-associated 
pneumonia bundles – these interventions have shown 
significant mortality reductions and shorter ventilation 
durations.(1,10-13) A pooled analysis revealed that while disease 
severity and ventilation management were similar in both 
middle-income countries (MICs) and HICs, the risk of 
ICU mortality was 16% higher in MICs.(10) Unfortunately, 
data on determinants of poor outcomes among ventilated 
patients in LMICs remains scarce. Yet, LMICs grapple 
with challenges like understaffing, limited protocol usage, 
suboptimal ICU processes organization, and lack of daily 
care plans.(10-16) There is a paucity of data from LMICs 
targeted to address these challenges; however, directly 
applying HIC evidence-based management strategies to 
LMICs is not always effective. For example, attempts to 
implement HIC protocols on fluid management in the 
African setting, in both pediatric and adult patients increased 
mortality contrary to expectations.(17,18) These studies 
highlight the risks of directly applying HIC protocols in 
LMICs without accounting for local organizational structure 
and preexisting care processes.

Recently, the use of critical care registries for data 
collection, including patient care, indicators, and outcomes, 
has expanded in both HICs and LMICs.(19-21) This streamlines 
research and offers cost benefits. In 2022, Uganda launched 
the Intensive Care Registry of Uganda (ICRU) for 
quality improvement and research infrastructure. This  
registry-embedded study aims to identify modifiable factors 
impacting outcomes for mechanically ventilated patients in 
LMICs leveraging ICRU’s data pipeline. We hypothesize 
that specific patient-level and organizational factors can be 
identified that contribute to the ICU mortality of ventilated 
patients in Uganda.

METHODS AND ANALYSIS

Study design

The Potentially MOdifiable factors To ImproVe 
outcomes of mechanically Ventilated patients in ICUs in a  
Low-income Country (MOTIVATE-ICU) study is a 
prospective multicentre registry-embedded observational study 
with two main components. The first will be a prospective 
observational multicenter registry-embedded study aimed 
at assessing patient-related and process-related factors. The 
second component will be a cross-sectional survey to assess 
the organizational structure of the ICUs included. This study 
protocol was registered at clinicaltrials.gov (NCT06288724). 
The results of the study will be reported according to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement.(22)

Study setting

Intensive care units will be defined as geographically 
designated area/unit within a hospital that routinely 
provides IMV therapy with continuous vital sign monitoring 
(electrocardiographic monitoring, heart/pulse rate, 
noninvasive blood pressure, peripheral oxygen saturation) 

Keywords: Respiration, artificial; Developing countries; Tracheostomy; Length of stay; Routinely collected health data; Registries; 
Critical care; Survival analysis; Intensive care units; Uganda  

ClinicalTrials.gov identifier: NCT06288724

factors associated with ventilated patient outcomes in  
low-resource settings. 

Conclusion: This is Uganda’s first registry-embedded, 
multicenter intensive care unit study to systematically potentially 

modifiable factors associated with ventilated patient outcomes. 
This study will provide evidence-based insights to optimize 
critical care management in low- and middle-income countries 
by leveraging real-time intensive care unit registry data.
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and designated nursing care for each bed in the unit i.e., 
at least three patients per week, for at least 24 hours. A 
descriptive study conducted in Uganda assessing the ICU 
capacity before the coronavirus-induced disease 2019 
(COVID-19) revealed that there were 14 ICUs, with 12 
being functional at the time.(15) However, post-COVID-19, 
anecdotal evidence shows nearly a doubling of the ICU 
capacity, with nearly 25 functional ICUs to date. All ICUs 
currently functional in Uganda will be eligible to participate 
(Table 1S - Supplementary Material). 

Participants

Patients aged ≥ 15 years admitted to study ICUs during 
the study period and receiving IMV will be eligible for 

recruitment. We selected patients aged ≥ 15 years because, 
in Uganda and many LMICs, patients aged 15 years and 
above are typically managed in adult ICUs. Exclusion 
criteria include successful extubation under two calendar 
days, admissions for end-of-life care and/or ICU palliative 
support or deemed so during ICU admission, and patients 
transferred ≥ 24 hours after the initiation of IMV.

Outcomes

Primary outcomes

The co-primary outcomes will be 28-day ICU mortality, 
ICU length of stay (LOS), and duration of mechanical 
ventilation. Table 1 details the outcome definitions.  

Table 1 - Outcomes and definitions

 Definition of measurement

Primary outcomes

ICU mortality Death at ICU discharge, or at 28 days after ICU admission, whichever occurs first

ICU LOS Number of days patients spend in the ICU. Measured per episode of ICU care. Calculated using the interval (measured in 
hours) between the date and time of ICU admission and the date and time of ICU discharge. Rounded to the nearest 1 
decimal place

Duration of mechanical ventilation The time between endotracheal intubation and successful extubation (in case of intermittent mechanical ventilation via a 
tracheostomy, every day a patient needs ventilation counts as one extra day, irrespective of the duration of ventilation on 
that specific day). In the case of noninvasive ventilation, the duration will be assessed separately from the assessment of 
invasive ventilation

Secondary outcomes

30-day hospital outcomes Death at hospital discharge or at 30 days after ICU admission, whichever occurs first

Duration of non-pulmonary organ support The time between the initiation of vasopressor/inotropic support or renal replacement therapy and its discontinuation must 
be at least 24 hours. Individual components of the composite outcome will be reported

ICU-free days Number of in-hospital days from ICU discharge to 28 days
If the patient dies after ICU discharge and before 28 days this will count as 0(23)

Ventilator-free days The number of VFD-28 will be determined by subtracting the total duration of mechanical ventilation from 30 days. If a 
patient passes away before reaching the 28-day mark, their VFD-28 will be recorded as having zero VFD-28(23)

Ventilator-associated pneumonia 	– Presence of fever OR altered leukocyte count PLUS 

	– New onset of purulent endotracheal secretions OR change in sputum

	– WITH new and progressive or persistent infiltrate or consolidation or cavitation(24)

For those without a radiological diagnosis, we shall consider clinically suspected VAP

Tracheobronchitis 	– Presence of fever OR altered leukocyte count (< 4 or >12 x 103)

	– PLUS New onset of purulent endotracheal secretions OR change in sputum(24)

Non-infectious pulmonary complication Clinician suspicion or radiological diagnosis of pleural effusion, atelectasis, or pneumothorax

Readmission Unplanned ICU admission within 48 hours after ICU discharge

Unplanned extubations Inadvertent/accidental extubations requiring reintubation

Tracheostomy related outcomes The following outcomes will be included:
	– Timing of tracheostomy in terms of the number of days after intubation 

	– decannulation rate, i.e. the proportion of patients undergoing successful decannulation during ICU stay 

	– decannulation failure (defined as the need to recannulate for any reason between decannulation and hospital discharge) 

Tracheostomy-related complications: stoma infection, major bleeding, tube dislodgement, and malfunction defined as air leaks
ICU - intensive care unit; LOS - length of stay; VFD-28 - ventilator-free days at 28 days; VAP - ventilator-associated pneumonia. 

https://www.zotero.org/google-docs/?oPx8WQ
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
https://www.zotero.org/google-docs/?KKY3DL
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Secondary outcomes

These will include hospital mortality censored at  
30 days, duration of non-pulmonary organ support, ICU-free  
days, ventilator-free days at day 28, ventilator-associated 
pneumonia, tracheobronchitis, non-infectious pulmonary 
complication (clinician suspicion or radiological diagnosis of 
pleural effusion, atelectasis or pneumothorax), readmission, 
unplanned extubations. Tracheostomy-related outcomes will 
be explored as part of a preplanned sub-study, including 
tracheostomy timing, decannulation rate, decannulation 
failure, and complications such as stoma infection, major 
bleeding, tube dislodgement, and malfunction.

Associated factors

Factors potentially associated with outcomes among 
mechanically ventilated patients will be analyzed as  
‘non-modifiable’ factors and ‘potentially modifiable’ factors. 
Non-modifiable factors include patient-related factors such 
as age, illness severity at initiation of mechanical ventilation, 
comorbidities, medical versus surgical admission, and 
indication for IMV (Table 2). Potentially modifiable factors 
will be subcategorized into care process-related factors such 
as Richmond Agitation Sedation Scale (RASS) targets, 
initial ventilator settings on day 0, use of daily spontaneous 
awakening and spontaneous breathing trials, use of stress ulcer 
and deep vein thrombosis (DVT) prophylaxis. The second 
subcategory will be the ICU organizational structure, which 
includes ICU staffing, staff-patient ratios, empowerment 
of non-physician staff, multidisciplinary team rounds, and 
protocols and checklists (Table 2).

6. Reason for ICU admission

7. Indications for IMV

8. Surgical urgency: emergency versus planned

9. Clinical frailty scale prior to admission

10. Readmission status

11. Immunosuppression status

Care process factors (potentially modifiable)(1,6-11,28-37)

1. Actual RASS

2. Benzodiazepines versus non-benzodiazepines

3. Spontaneous awakening trial (yes/no)

4. Spontaneous breathing trial (yes/no)

5. Ventilator settings; Vt (mL/kg PBW), Inspiratory pressure on day 0

6. DVT prophylaxis

7. Stress ulcer prophylaxis

8. Head of the bed elevation

9. Vasopressor therapy and duration

10. Antimicrobial therapy duration

11. Tracheostomy timing

12. Involvement of lay caretaker

Organizational & structural factors (potentially modifiable)(11,15,30-32,38-40)

1. ICU staffing ratios

2. Presence of trained intensivist on ward round

3. 24/7 expert intensivist coverage

4. Dedicated physiotherapist

5. Empowerment of non-physician providers

6. Protocol/checklist use

7. Number of protocols used

8. Dedicated clinical pharmacist

9. Dedicated nutritionist

10. Multidisciplinary ward rounds (yes/no)

11. Handover model (individual or MDT)

e-TropICS - Tropical Intensive Care Score; APACHE II - Acute Physiology and Chronic Health 
Evaluation II; mSOFA - modified Sequential Organ Function Assessment; ICU - intensive 
care unit; IMV - invasive mechanical ventilation; RASS - Richmond Agitation Sedation 
Scale; Vt - tidal volume; PBW - predicted body weight; DVT - deep venous thrombosis;  
MDT - multidisciplinary team.

...continuation

Table 2 - Prespecified factors associated with outcomes of 
mechanically ventilated patients from the published literature

Patient-related factors(1,6-9,25-29)

1. Age (years)

2. Severity of illness score - eTropICS, APACHE II

3. Organ dysfunction score - mSOFA

4. Comorbidities - Charlson comorbidity index

5. Admission type (medical versus surgical)

Continue...
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Data collection

To ensure high-quality and standardized data collection, 
the following procedures will be implemented:

1.	 Direct Electronic Data Entry:

	– Patient-level data will be entered directly into the 
PROTECT cloud-based ICU registry platform, 
which is managed by the ICRU, via a laptop or 
tablet (Figure 1).

	– This platform enables real-time data capture and 
seamlessly integrates with existing ICU records.

2.	 The ICRU registry collects patient-level data, 
including core ICU admission data, daily ICU care 
variables, and outcomes at ICU discharge (Tables 2SA  
and 2SB - Supplementary Material). Illness severity 
estimation already exists in the platform using both 
the APACHE II and the Tropical Intensive Care 
Score (e-TropICS).(26)

3.	 Regis t r y-Embedded Data  Col lect ion for 
MOTIVATE-ICU:

	– The MOTIVATE-ICU study variables are fully 
integrated within the ICRU as an additional  
data layer.

ICU - intensive care unit; Q - Quality; QI - Quality Improvement; QoL - Quality of Life.

Figure 1 - Integration of the MOTIVATE-ICU Electronic Case Report Form in the Intensive Care Registry of Uganda registry Case Report Form.
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http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
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	– Additional variables captured in this study 
include clinical frailty scale,(41) ventilator settings, 
tracheostomy data, sedation care processes, fluid 
monitoring, primary indication for IMV, and 
related complications. To assess organ dysfunction, 
we shall use the modified Sequential Organ Function 
Assessment score (mSOFA)(27) by embedding urine 
output into the core ICU admission data (Table 3S -  
Supplementary Material).

	– These variables are recorded prospectively within 
the ICRU framework to maintain consistency 
and minimize duplication.

4.	 Data extraction and quality assurance:

	– Data extraction will occur directly from the 
ICRU platform. The platform operates on a 
standard data model, enabling standardized 
case-mix reporting, management insights, and 
real-time analytics (Figure 1). 

	– To ensure data integrity, periodic validation 
checks, audit trails, and cross-verification 
procedures will be conducted.

5.	 ICU organizational and process data collection:

	– Hospital and ICU-level characteristics will be 
collected at each site via an interviewer-administered 
questionnaire (Table 4S - Supplementary Material) 
with the ICU director and/or in-charge nurse.

	– Variables of interest include ICU type (medical-surgical 
versus specialty), Presence of critical care training 
programs, ICU admission volumes (preceding year), 
staffing patterns and multidisciplinary team presence, 
and organizational and care process characteristics.

6.	 Table 2SA and 2SB (Supplementary Material) 
details a complete list of ICU patient-level variables.

Follow-up

Given the potential burden of data collection, the 
patient recruitment period in each participating ICU 
will be a minimum of 3 months up to a maximum of 
six months, with a follow-up period of up to 30 days  
in-hospital or until hospital discharge, whichever comes first. 

Sample size

We aim to include all consecutive patients admitted to 
participating ICUs to reduce potential selection bias and 
minimize the temporal variation of care processes. Based 

on aggregated data (published and unpublished) from 
LMICs including Uganda’s ICU cohorts(2,10,12,28-32,38) the 
lowest measured mortality among patients receiving IMV 
was approximately 40%. A total of 250 events (deaths) 
would allow us to evaluate at least 25 associated variables 
in multivariable models. We will therefore target to enroll 
625 patients receiving IMV.

Procedures to ensure data quality

The following site-level procedures will be followed:

a.	 To ensure standardization of the study procedures, 
each site shall have a site lead and dedicated data 
entrant(s) responsible for data collection while 
using the ICU registry platform. Before beginning 
recruitment, each site lead and data entrant(s) will 
receive training.

b.	 Each site will have a site lead responsible for weekly 
validation of patient episodes regarding completion 
and data quality.

c.	 Each site will have IT support and participate 
in monthly meetings to dispel doubts and solve 
potential challenges related to data entry.

Handling of missing data

All data pertinent to the study objectives will be 
mandated for all study ICUs during the study period. The 
study platform will flag missing data to the data collector 
in case of incompleteness. All sites will be monitored 
weekly to ensure the validation of patients entered and the 
completeness and accuracy of the data to ensure there is no 
missing data. This is being a prospective registry-embedded 
study, we expect a low percentage of missing data pertinent 
to the primary objectives of the study. 

Statistical analysis

Descriptive statistics: ICU and patient characteristics 
will be summarized using appropriate descriptive statistics; 
for continuous variables, reported as mean ± standard 
deviation (SD) or median (interquartile range [IQR]) 
based on their distribution, and for categorical variables, 
summarized as counts (n) and percentages (%). Statistical 
tests will be applied appropriately for univariate associations 
between patient-, care process-, and ICU-level factors and 
the primary outcomes (ICU mortality, ICU LOS, and 
mechanical ventilation duration). For normally distributed 
continuous variables, we shall use the Student’s t-test (for 
two groups) and analysis of variance (ANOVA) (for ≥ 3 
groups), while for non-normally distributed continuous 

http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
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variables, we shall use the Mann-Whitney U test (for 
two groups) and Kruskal-Wallis test (for ≥ 3 groups). For 
categorical variables, we shall use the Chi-square test (if the 
expected counts are ≥ 5 in all cells) and Fisher’s exact test 
(for small sample sizes). Eligible variables include patient-
related, care process and organizational factors potentially 
associated with ICU mortality, LOS, and mechanical 
ventilation duration (Table 2). According to Marshall et al.  
(Table 5SA - Supplementary Material), we shall classify 
ICUs based on the proposed classification of ICUs.(42) These 
analyses will inform the multivariable modeling approach.

Primary outcomes & multivariable models: we shall 
have the following co-primary outcomes for the study: 
for ICU mortality, binary outcome: alive versus dead; 
for ICU LOS, continuous, right-skewed; for mechanical 
ventilation duration, continuous, right-skewed. We shall 
use pre-specified multilevel models to assess the association 
between patient-related-, care process-related-, and ICU 
organizational factors and patient outcomes. For ICU 
mortality (primary outcome), we shall use multilevel 
logistic regression (Random-Intercept Model):

	– Level 1 (patient-level factors) including age, 
e-TropICS, mSOFA, Charlson comorbidity 
index, cl inical  frai lty scale,  reason for 
admission, admission type, surgical urgency, 
immunosuppression.  In addition, care process-
related factors – potentially modifiable: sedation 
practices: deep sedation as percentage of patient-
days, sedative medication (benzodiazepines versus 
non-benzos); ventilation strategies: spontaneous 
awakening trial (percentage of patient-days), 
spontaneous breathing trial (percentage of 
patient-days), ventilator settings (median tidal 
volume [mL/kg predicted body weight], median 
inspiratory pressure, median positive end-
expiratory pressure); preventive and supportive 
care: DVT prophylaxis (percentage of patient-
days), stress ulcer prophylaxis (percentage of 
patient-days), head-of-bed elevation (percentage 
of patient-days); organ support measures: 
vasopressor therapy duration (median time), 
antimicrobial therapy duration (median time), 
tracheostomy timing (median time), cumulative 
fluid balance (median); lay-care provider 
presence: (yes/no).

	– Level 2 (ICU-level organizational factors – 
potentially modifiable); ICU staffing ratios, 
presence of 24/7 intensivist, multidisciplinary 

rounds, presence of a clinical pharmacist, 
physiotherapist, nutritionist, use of care protocols.

	– ICU site as a random intercept to account for 
clustering effects based on the classification listed 
in table 5SB (Supplementary Material).

We shall use the above factors for ICU LOS and 
mechanical ventilation duration. For ICU LOS) we 
shall use the negative binomial regression (chosen due to 
overdispersion in count data), and for mechanical ventilation 
duration, we shall use the Cox Proportional Hazards Model, 
with ICU discharge and death as competing risks.

In addition to the primary outcomes, we will conduct 
secondary outcome analyses to assess the impact of patient-
related, care process-related, and ICU organizational 
factors on key clinical and process-related outcomes. These 
secondary outcomes include duration of non-pulmonary 
organ support, hospital mortality (censored at 30 days 
from ICU admission), ICU-free days, ventilator-free 
days, ventilator-associated pneumonia, tracheobronchitis, 
non-infectious pulmonary complications, readmission, 
unplanned extubations, incidence of pressure sores, and 
tracheostomy-related outcomes. 

Confounder selection using directed acyclic graphs: 
to ensure proper confounder control and avoid overfitting, 
we will construct a directed acyclic graph (DAG) to identify 
the minimum adjustment set necessary for estimating the 
effect of patient-related factors, ICU organizational and 
care process factors on patient outcomes. The DAG will be 
based on prior literature on ICU outcomes and modifiable 
factors in LMICs, expert consensus from intensivists and 
methodologists, preliminary analysis of data distribution, 
and collinearity among predictors. Confounders identified 
via DAG analysis will be retained in all models regardless 
of statistical significance, ensuring robust estimation 
of patient-related factors, ICU care processes, and 
organizational factors on mortality and other outcomes.

Handling of missing data: multiple imputation with 
chain equations will be used to address missing data in 
key variables. Sensitivity analysis will compare: complete 
case analysis versus imputed datasets and exclusion of 
ICUs with > 30% missing data. False discovery rate 
correction will be applied for subgroup analyses to control 
for multiple comparisons.

All statistical analyses will be conducted using R  
(http://www.r-project.org) and Statistical Package for the 
Social Sciences (SPSS) 21 (IBM Corp.), which may be 
used for additional descriptive analyses. The final detailed 
statistical analysis plan will be available on the ClinicalTrials.
gov (NCT0628872) record before the database is locked.

http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://www.r-project.org
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Ethical approval and consent to participate

This study will be conducted according to the 
principles of the Declaration of Helsinki (revision 
Fortaleza, Brazil, October 2013). Ethical approval was 
obtained from the Uganda Heart Institute Research and 
Ethics Committee (UHIREC-0009), and 15 hospital 
administrative approvals were in place at the time of  
this writing.

We shall obtain deferred consent from the legal 
representative within 72 hours of recruitment into 
the study since most ICU admissions are emergency 
admissions, and informed consent during the initial 48 
hours of admission may not be possible. In addition, 
without exception, patients admitted to ICU for ventilator 
support are unable to give informed consent. Persons 
who may take the role of legal representative following 
the Medical Treatment Agreement Act (WGBO) are:  
a predefined representative, husband or wife, registered 
partner or other life partner, a parent or child, brother 
or sister, and incidentally a curator appointed by a judge. 
For patients with no legal representative and are unable 
to give informed consent during in-hospital stay, we were 
granted a waiver of informed consent. The experience of 
ICU patients enrolled under deferred consent is mainly 
positive, as shown in the NICE-SUGAR trial, in which 
participants were included using deferred consent.(43) Most 
of the patients were happy with the decision made by the 
representative (93%) and would have granted consent if 
asked (96%).(44)

Oral consent from each ICU director and/or  
in-charge nurse will be sought to conduct the interviewer-
administered survey.

Dissemination

The study results will be submitted for publication 
regardless of the results after completion and analysis. 
We shall make the study findings widely available 
and disseminate them through conferences and  
peer-reviewed journals. 

Data sharing

The authors encourage interested parties to contact the 
corresponding author with data sharing requests, including 
requests for access to additional unpublished data. The 
Intensive Care Registry of Uganda is part of a larger 
network that has appointed a Data Access Committee 
(DAC). Curated data may be shared with third parties 
for research purposes following written approval from  
the DAC. 

Discussion and study status

The MOTIVATE-ICU registry-embedded study 
aims to identify potentially modifiable factors associated 
with outcomes among invasively ventilated patients in a  
low-income country. 

As ICU registries are expanding in LMICs, it is pivotal 
understanding the practical outputs of such data collection 
systems and how the data generated can be leveraged to 
improve patient care. The ICRU was initiated in 2020 
and uses a cloud-based platform (PROTECT-ICU), a 
standard data model, and standardized nomenclature to 
ensure interoperability of reporting between local, national, 
and other international stakeholders. When writing this, 
8 of Uganda’s 25 ICUs were part of the ICRU, and 
approximately 5,000 patients were therein. Leveraging this, 
we embedded the MOTIVATE-ICU study into the registry 
by adding extra necessary variables (Tables 2SA and 2SB - 
Supplementary Material) relevant to address the objectives.

According to the Donabedian model, improving the 
quality of healthcare and improving outcomes of interest, 
rests on three components; the structure, care processes, 
and outcomes.(45) Various studies from HICs on ICU 
organization structure, care bundles, and protocols have 
shown a significant impact on the reduction of mortality, 
duration of ventilation, and ICU length of stay, albeit with 
some inconsistencies.(6,28-30,38) Based on what we currently 
know from the ORCHESTRA study done in Brazil, an 
upper middle-income country (UMIC), organizational 
factors, including protocol implementation, are the key 
targets to improve ICU outcomes and efficiency.(31,32) 

There has been considerable data describing the physical 
structural set-up and staffing of ICUs in LMICs.(15,40,46,47) 
However, there is limited data on organizational features 
and care processes and their impact on outcomes in  
lower-income settings like Uganda.

Directly implementing evidence-based care processes 
from higher income settings may not yield similar 
results when implemented in resource-poor settings. For 
example, two African studies that implemented fluid 
therapy as per protocols used in HICs revealed more 
harm than benefit in both critically ill adults and pediatric 
populations.(17,18) For other processes, implementation in 
LMICs has improved consistently, but outcomes remain 
lagging compared to HICs, which are probably affected by 
many factors. For instance, the use of protective mechanical 
ventilation in patients without ARDS was shown to be 
comparable between MICs and HICS during the first 
days of ventilation, but with a significant difference in 
ICU mortality.(10) The same was seen for ventilation in 

http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
http://criticalcarescience.org.br/content/imagebank/pdf/CCS-0273-v37-Mat-suppl.pdf
https://www.zotero.org/google-docs/?6uo1MM
https://www.zotero.org/google-docs/?Kirnya
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ARDS patients, albeit with a slight difference in protective 
ventilation implementation.(1,6)   

One of the key potential interventions likely to show 
impact in low-resource settings compared to HICs is 
tracheostomy placement and timing. Tracheostomy 
timing, while improving ICU length of stay and duration 
of mechanical ventilation, has not impacted mortality 
in HICs,(33-35) but may have a significant impact in a 
setting with limited resources. A preplanned sub-study of 
MOTIVATE-ICU will explore timing, complications, and 
outcomes in patients undergoing tracheostomy in a low-
income country like Uganda, complementing data from 
LMICs from other African countries.(36,37) 

The strengths of the current study are its prospective 
design, registry-embedded nature, and multicenter 
inclusion. Integrating this study with the ongoing national 
ICU registry is a significant strength. This approach ensures 
comprehensive and high-quality data collection and 
demonstrates the feasibility of embedding research within 
existing clinical infrastructure in resource-limited settings. 
By leveraging the established registry platform, the study 
minimizes operational costs, enhances data accessibility, 
and improves scalability. This model provides a practical 
framework for other LMICs to develop similar research 
initiatives by utilizing their existing registries or creating 
adaptable systems tailored to their healthcare contexts. 
Such integration has the potential to facilitate regional 
collaborations, foster data-driven quality improvement 
programs, and standardize critical care practices across 
diverse settings.

This study has several potential limitations. While 
the study’s findings will be highly relevant to low-income 
ICU settings, several limitations must be acknowledged. 
Variations in documentation quality across participating 
ICUs may affect data completeness and accuracy. To 
mitigate this, we will implement standardized data entry 
protocols, periodic audits, and cross-validation checks 
between registry data and source documents to enhance 
reliability. To assess the robustness of our findings, we will 
perform sensitivity analyses, such as excluding sites with 
higher proportions of missing data, conducting subgroup 
analyses by ICU level, and using multiple imputation 
techniques for incomplete records where appropriate.

Recognizing that findings from Uganda may not be 
directly transferable to all LMICs, we will compare key 
study outcomes with existing ICU studies from other 
African and LMIC settings. Additionally, by aligning 
our data variables with global critical care registries, 
our findings can inform broader discussions on ICU 
care in resource-limited settings beyond Uganda. These 

strategies will enhance the study’s internal validity while 
strengthening its external applicability.

The study’s findings, especially those related to 
organizational structure and process-related factors, may 
be specific to the context of low-income countries and 
thus may not be generalizable to settings with different 
healthcare systems, resources, and ICU capabilities. The 
cross-sectional survey assessing the organizational structure 
of ICUs relies on self-reported data, which can introduce 
biases and inaccuracies.
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