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Abstract 

Purpose: To develop a set of actionable quality indicators for critical care suitable for use in low- or middle-income 
countries (LMICs).

Methods: A list of 84 candidate indicators compiled from a previous literature review and stakeholder recommenda-
tions were categorised into three domains (foundation, process, and quality impact). An expert panel (EP) represent-
ing stakeholders from critical care and allied specialties in multiple low-, middle-, and high-income countries was 
convened. In rounds one and two of the Delphi exercise, the EP appraised (Likert scale 1–5) each indicator for validity, 
feasibility; in round three sensitivity to change, and reliability were additionally appraised. Potential barriers and facili-
tators to implementation of the quality indicators were also reported in this round. Median score and interquartile 
range (IQR) were used to determine consensus; indicators with consensus disagreement (median < 4, IQR ≤ 1) were 
removed, and indicators with consensus agreement (median ≥ 4, IQR ≤ 1) or no consensus were retained. In round 
four, indicators were prioritised based on their ability to impact cost of care to the provider and recipient, staff well-
being, patient safety, and patient-centred outcomes.

Results: Seventy-one experts from 30 countries (n = 45, 63%, representing critical care) selected 57 indicators to 
assess quality of care in intensive care unit (ICU) in LMICs: 16 foundation, 27 process, and 14 quality impact indica-
tors after round three. Round 4 resulted in 14 prioritised indicators. Fifty-seven respondents reported barriers and 
facilitators, of which electronic registry-embedded data collection was the biggest perceived facilitator to imple-
mentation (n = 54/57, 95%) Concerns over burden of data collection (n = 53/57, 93%) and variations in definition 
(n = 45/57, 79%) were perceived as the greatest barrier to implementation.

Conclusion: This consensus exercise provides a common set of indicators to support benchmarking and quality 
improvement programs for critical care populations in LMICs.
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Introduction
Intensive care units (ICUs) provide essential and life-
saving interventions to critically ill patients [1]. Deliv-
ery of critical care is resource intensive, complex and 
with considerable burden for both patients, families and 
those responsible for provision of healthcare services 
[2]. Whilst increased access to critical care has contrib-
uted to a reduction in global mortality from disease and 
injury, the quality of critical care remains variable inter-
nationally. Poor quality care is associated with increased 
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hospital stay, excess morbidity, and avoidable healthcare 
associated costs [3].

In high-income countries (HICs) and in those where 
ICU facilities are widely established, there has been an 
increasing focus on promoting safe and effective deliv-
ery of care, monitored through a series of quality metrics 
(indicators) measuring availability of structures, and the 
quality of processes and outcomes of care [4–7]. In gen-
eral, indicators are derived almost exclusively from the 
values, practices, and organisational structures seen in a 
relatively narrow ICU construct synonymous with HIC 
settings. Consequently, few of these indicators have been 
evaluated for feasibility, stakeholder relevance or ability to 
drive actionable improvement in LMIC settings [6, 8, 9].

Efforts to develop globally applicable indicators 
suitable for LMICs have focused on health system 
measures, such as those used to benchmark national 
services and drive Universal Health Coverage [3]. Such 
metrics often struggle to reflect the priorities of patient 
and frontline healthcare providers and have had limited 
success in translating into actionable measures, resulting 
in under adoption and underutilisation [6, 8, 10–13]. 
To address this gap in stakeholder selected indicators 
that reflect both priorities and practices of critical care 
services in LMICs, we undertook a RAND Delphi study 
[14] to develop a set of actionable quality indicators for 
use in ICUs in LMIC settings. Furthermore, we sought 
to identify barriers and facilitators to implementation of 
the selected indicators as perceived by the clinical teams 
delivering frontline care.

Methods
Study design
This Delphi study is reported in accordance with the 
Conducting and REporting DElphi Studies (CREDES) 
guidelines [15]. An advisory committee (AC) was 
convened to provide oversight, and an Expert Panel 
(EP) (identified by the AC) was responsible for selecting 
indicators by voting in the Delphi, highlighting when 
indicator definitions were problematic, and identifying 
potential barriers and facilitators to implementation 
of the indicators. In addition, a subset of the AC and 
EP were convened into a Definitions Working Group 
(DWG). The DWG was responsible for the appraisal of 
the voters’ feedback on the definitions of the indicators, 
adaptation and refinement of those definitions following 
each round of voting.

The Delphi was conducted electronically using the 
online survey tool, Survey Monkey Inc (San Mateo, 
California, USA; www. surve ymonk ey. com). Prior to 
conducting the Delphi, it was piloted for readability, 
interpretability, and user experience by a physician, a 
nurse and a non-clinician researcher, who were not part 

of the EP. All group discussions were conducted online 
using a video conferencing platform [16].

Study setting
The study was done as part of the work of the Collabora-
tion for Research, Implementation and Training in Criti-
cal Care in Asia- Africa (CRIT Care Asia-Africa—CCAA). 
Established in 2019, this community of practice supports 
a network of nationally led ICU registries within nine 
countries in Asia and eight countries in Africa, represent-
ing 260 + acute and critical care departments. A detailed 
description of the project is published [17]. Stakeholders 
representing acute and critical care services from all CCAA 
collaborating countries were invited to participate. In addi-
tion to the members of the CCAA, researchers with exten-
sive expertise in ICU registries, and or quality indicators and 
health care evaluation were invited also from other parts of 
the world including the Americas, Europe, and Oceania.

Study participants
Forty-seven individuals were invited to form the EP, rep-
resenting clinicians primarily involved in ICU care (physi-
cians, nurses, and allied health professionals), physicians 
from other specialties related to critical care, research-
ers, and patients who have survived ICU care or patient 
representatives. These EP members were identified as 
active members of the current CCAA registry and wider 
research network. For the third round of voting, the EP, 
were asked to invite 1–3 additional stakeholders from 
their respective national networks in CCAA participating 
countries. The EP were asked to include representatives 
from health care with similar experience as the EP (Elec-
tronic supplementary material 1).

Data collection and analysis
Candidate indicator list identification
A candidate list of indicators was compiled by the AC 
from three sources; those identified through a published 
scoping review [18], those already used in national 
registries collaborating with CCAA [17], and those 
identified through a stakeholder prioritisation exercise 
at a national CCAA meeting. Additionally, participants 
were able to add indicators in the first round of voting. 

Take‑home message 

Whilst recognition of the need for ongoing investment in health 
service infrastructure remains, stakeholders seeking to improve 
quality of critical care in LMICs are increasingly focused on 
improving processes of care, notably reducing avoidable harms 
(specifically healthcare associated infection and antimicrobial 
resistance) and patient centred outcomes. Continuous surveillance 
using electronic records and registries were perceived as essential 
infranstructure to faciliate implementation.

http://www.surveymonkey.com


Indicators were categorised using the Lancet Global 
Health High-Quality Health Systems framework’s three 
domains: foundation, care process, or quality impact [11]. 
Each indicator was described, defined (based on existing 
published definitions), and graded for evidence prior to 
presenting to the EP for voting [19]. Where indicators 
had multiple published definitions, participants were 
asked both to prioritise the indicator and the most 
appropriate definition.

Scoring of indicators
The Delphi had four rounds (Fig.  1). In rounds one 
and two, respondents appraised each indicator based 
on two criteria: validity, and feasibility (Fig.  1). Con-
sensus for validity and feasibility was considered a 
prerequisite to assessing sensitivity to change and 

reliability. In round three, candidate indicators were 
assessed for validity, feasibility, sensitivity to change 
and reliability. In this round, voters were additionally 
asked to report perceived barriers and facilitators to 
implementation. Perceived barriers and facilitators 
were then categorised according to the five domains 
of the Consolidated Framework for Implementation 
Research (CFIR); intervention characteristics, outer 
setting, inner setting, individual characteristics, and 
processes. CFIR was chosen for its systematic and rep-
licable identification of constructs which may promote 
or inhibit implementation of interventions in clinical 
practice [20]. Finally, in round four, the indicators were 
prioritised based on their ability to influence five pri-
ority impacts—cost of care to recipient and provider, 
staff wellbeing, patient safety, and patient centred 

Round 1
Vote on validity and feasibility.

indicators.

not useful.

Suggestion of new indicators to 
include.

Discussion with EP.
Indicators with consensus to retain 
indicators removed from round 2 and 
entered back into round 3.
Consensus to remove - removed from 
Delphi.
No consensus retained for round 2.

Validity
Does the indicator have the capacity 
and evidence base for predicting 
quality of care outcomes?

Feasibility
Is the information required to 
measure the indicator already 
captured by, or could be readily 
captured by the health system?

Sensitivity to change
Does the indicator have the capacity 
to detect changes in quality of care?

Reliability
Can the indicator be measured 
with minimal error by different 
organisations and systems, and can 
the measurement be reproduced 
by different raters (inter - rater 
reliability)?

Criteria for prioritisation
Cost of care to provider, cost of care 
to recipient, staff wellbeing, patient 
safety, patient centered outcomes.

Indicators with consensus to retain entered 
into round 3.
Consensus to remove - removed from 
Delphi.
No consensus retained for round 3.
Duplicates removed.

Discussion with EP.
Analysis strategy 1:
Indicators with consensus to retain entered 
into round 4.
Consensus to remove - removed from 
Delphi.
No consensus retained for round 4.
Analysis strategy 2:
Indicators receiving a Likert of >3 from 
more than 50% of respondents entered 
into round 4.

Round 2
Vote on validity and feasibility.

Round 3
Vote on validity, feasibility, reliability, 
and sensitivity to change.

not useful.
Indicate perceived barriers 
and facilitators based on CFIR 
framework.

Round 4
Prioritise indicators based on 5 
priority impacts.

Final list of indicators.

Delphi voting criteria

Fig. 1 Delphi process and criteria for voting and prioritisation



outcomes [21]. The EP prioritised each indicator on all 
five criteria as being low, medium or high impact.

An indicator was entered into subsequent rounds 
of voting if it achieved a median score of ≥ 4 using a 
5-point Likert scale (strongly disagree = 1 to strongly 
agree = 5), and if there was consensus across the vot-
ing members (“consensus to retain”). Consensus was 
defined as an interquartile range (IQR, defined as 
quartile 3-quartile 1) of < 1 for validity and feasibil-
ity, and an IQR of ≤ 2 for reliability and sensitivity to 
change. The criteria for reliability and sensitivity are 
less stringent because these characteristics may dif-
fer in interpretation across health systems, whereas 
feasibility and validity should be uniform. Indicators 
scoring a consensus median of < 4 were removed from 
further rounds (“consensus to remove”). Indicators 
which achieved a median score of ≥ 4 or < 4, but where 
there was no consensus were put forward to the next 
round of voting (“no consensus to retain or remove”). 
At the end of each voting round, The EP convened 
to discuss the results, with a view to moving towards 
consensus in subsequent rounds. Discussions focussed 
on those indicators where there was absence of con-
sensus, variation in definition, and or divergence in 
voting patterns. [19, 22]. To inform these discussions 
voting was described based upon geographical distri-
bution of respondents. The regions considered were 
based on the United Nations division of the world’s 
geographical regions—Asia, Africa, Americas, Europe, 
and Oceania [23]. The consensus process (rounds one 
to three) was intended to provide a list of stakeholder 
selected indicators, which having already achieved 
agreement across the four criteria, could then be pri-
oritised in the final round of voting (round four). In 
case of consensus not being achieved, an alternative 
strategy was included in the protocol, whereby follow-
ing round three, indicators that received a Likert of > 3 
from more than 50% of respondents were retained 
for round four, similar to previous Delphi studies [10, 
24]. In addition participants were provided with a free 
text box after every section in the survey (rounds one 
and three) where they were asked to comment if they 
had any concerns with the definitions of the indica-
tors. The definitions that were contested in this man-
ner were then reviewed for accuracy and feasibility of 
collecting data, and where necessary, alternatives were 
proposed by the DWG.

Results
Study participation
The study was conducted between March 2021 and 
October 2021 (Fig.  2). Of the 47 EP members invited, 
43 agreed to participate. For round three, an additional 

70 stakeholders were invited from the EP’S respective 
networks and 31 responded. A total of 71 clinicians, 
researchers and healthcare professionals represent-
ing 30 countries participated (Electronic supplemen-
tary material 2). Response rates were 50% or greater for 
each round. Fifty one participants (72%) completed all 
four rounds. The numbers, demographics, and profes-
sional characteristics of participants at each round are 
described in Table 1. Specialities of critical care, surgery, 
internal medicine and public health were represented 
in each of the four rounds (Table 1). Patient and patient 
representatives invited to the EP declined, citing lack of 
experience in critical care internationally, and or unfa-
miliarity of quality-of-care metrics (Table 2).

Indicator selection
Eighty-four candidate indicators constituted the initial 
list put forward to round one. Sixty-seven indicators had 
one definition, whereas 17 indicators had multiple pub-
lished definitions (Electronic supplementary material 3). 
Following three rounds of voting, 70 indicators and 70 
definitions were retained (20 due to an absence of con-
sensus) (Fig. 2). Given the lack of consensus, we agreed 
to proceed with our a priori plan to include indicators 
receiving a Likert of > 3 from more than 50% of respond-
ents into round four. This further removed 21 indicators, 
leaving a total of 49 indicators considered valid, feasible, 
sensitive to change and reliable. Variation in voting pat-
terns across geographic regions is described in Electronic 
supplementary material 6. Variations in voting revealed 
inequalities in access to laboratory, point of care diag-
nostics and equipment, which hindered feasibility and 
reliability of metric reliant on this information for meas-
urement. Appraisal of the remaining indicators, it was 
noted that no patient reported outcomes were retained, 
due to low scoring regarding feasibility of data collection. 
EP discussion and review of voting patterns revealed 
these indicators scored highly for validity, and therefore 
the EP concluded that these indicators should be consid-
ered for prioritisation. The EP requested that the eight 
quality impact indicators measuring patient centred and 
medium term outcomes should be included in round 
four. Prioritisation of the final 57 indicators (from round 
three–16 foundation, 27 care processes and 14 quality 
impacts) using the five priority setting categories resulted 
in 14 indicators  being prioritised; (4 foundation meas-
ures, 6 process measures and 4 quality impacts) (Elec-
tronic supplementary material 4).

Barriers and facilitators
Eight discrete barriers and seven facilitators to imple-
mentation were identified, and categorised into the 
four CFIR constructs: intervention characteristics, 



inner setting, outer setting, and processes (Fig.  3). The 
most frequently perceived facilitator to implementa-
tion described by respondents was the use of electronic 
data collection through the use existing clinical qual-
ity registries to routinise and standardise data collection 
(n = 54/57, 95%) The burden of data collection (n = 53/57, 
93%), and an existing lack of uniformity for the procedure 
(n = 36/57, 63%) were identified as barriers to implemen-
tation. Similarly, co-implementation of indicators as part 
of a cycle of audit and improvement alongside data per-
taining to case mix and outcomes was described as an 

important facilitator to both implementation and impact 
(n = 41, 72%), as was the opportunity to participate in 
quality improvement programmes (n = 25/57, 44%). The 
absence of standardised definitions and associated exper-
tise in interpretation of measurements (n = 45/57, 79%) 
was seen as a further barrier to implementation and rein-
forced findings of the narrative analysis of the definitions 
working group described above (Electronic supplemen-
tary material 5).

Round 1 (R1) (April 2021 - May 2021) The advisory committee (AC) and Expert panel (EP) rated the preliminary list of 84 
indicators

Round 2 (R2) (June 2021 - July 2021) AC, EP voted on indicators from round 1 for which non consensus was achieved for validity 
and / or feasibility (n = 40). EP were invited to propose additional indicators not included in the preliminary list.

Round 3 (R3) (July 2021 - September 2021) AC, EP and wider stakeholder group rated 91 indicators for validity, feasibility, 
sensitivity to change and reliability

Round 4 (R4) (September 2021 - October 2021) EP prioritisation of 57 indicators based on their ability to impact cost of care to 
provider, cost of care for recipient, staff well being, patient safety and patient centred outcome measures

Indicators removed = 1
Indicators retained with consensus = 43

Indicators retained without consensus = 40

Indicators removed = 2
Indicators retained with consensus = 14

Indicators retained without consensus = 24

Indicators removed = 21
Indicators retained with consensus = 50

Indicators retained without consensus = 20

Indicators removed after secondary analysis = 21
Indicators selected as valid, feasible, sensitive to 

change and reliable = 57

8 quality impact indicators added**

Secondary analysis, retain indicators that were 
rated >3 by more than 50% of the voters

Indicators with consensus in R1 = 43
New EP proposed indicators = 29

EP discussion on voting patterns

14 indicators prioritised

EP discussion to voting patterns

Duplicates removed = 19

Fig. 2 Overview of the Delphi process. *DWG—Definitions working group. **These indicators were removed during voting due to non-consensus, 
but were re-introduced at the request of the EP



Discussion
Our multinational four round Delphi study resulted in 
the selection of 57 indicators for use in critical care set-
tings in LMICs, and among these 14 were prioritised. 
Individual ICU networks will in addition have a choice as 
to which indicators they select for implementation. We 
anticipate the selection of indicators will reflect context 
specific factors and priorities for improvement in the dif-
ferent settings. These indicators will be evaluated for fea-
sibility of implementation, and for their ability to reliably 
measure associated outcomes. This study brings new per-
spectives to the ongoing discussion [11, 18, 25] regarding 

indicator selection for benchmarking ICUs internation-
ally, and the potential implications that use of some indi-
cators for pay for performance may be having on efforts 
to improve quality of care. This study adds to the exist-
ing international literature by providing much needed 
representation from previously under-represented ICU 
services and critical care populations in low- and middle-
income health systems.

Disparities in access to basic resources for delivery of 
safe critical care were evident and were reflected in the 
voting. Comparatively low ratios of trained healthcare 
providers to patients, and inequalities in access to basic 

Table 1 Respondent characteristics

a In Round 2 as a subset of the indicators from round 1 was voted on again, a smaller number of participants volunteered to take part in the voting
b Round 3 included the wider stakeholder group
c WSH – Wider Stakeholder Group
d Can include > 1 area of expertise per respondent

Round 1 Round  2a Round  3b Round 4

Total number of Delphi panellists invited
(EP +  WSHc)

47 43 113
(43 + 70)

43

Respondents n (%)
(EP +  WSHc)

40 (85.1) 32 (74.4) 64 (56.6)
(33 + 31)

35 (81.4)

Completed n (%) 38 (80.9) 31 (72.1) 57 (50.4) 35 (81.4)

Gender n (%)—Male 26 (65) 22 (71) 36 (63.2) 24 (68.6)

Professional group (primary roles) n(%):
 Physician 25(62.5) 23 (74.2) 36 (63.2) 27 (77.1)

 Nurse 3 (7.5) 1 (3.2) 3(5.3) 1 (2.9)

 Allied health professional 2 (5) 2 (6.5) 2 (3.5) 2 (5.7)

 Researcher 10 (25) 5 (16.1) 16 (28.1) 5 (14.3)

Nature of role—patient facing n(%) 29 (72.5) 26 (83.9) 47 (82.5) 30 (85.7)

Years of ICU experience n(%)
  < 3 5 (12.5) 3 (9.7) 4 (7) 3 (8.6)

 3–5 5 (12.5) 3 (9.7) 7 (12.3) 2 (5.7)

 5–10 9 (22.5) 9 (29) 15 (26.3) 9 (25.7)

 10–15 4 (10) 4 (12.9) 8 (14) 5 (14.3)

 > 15 17 (42.5) 12 (38.7) 23 (40.4) 16 (45.7)

Organisation’s affiliation with the CCAA  n(%)
Currently collaborating 27 (67.5) 33 (57.9) 24 (68.6)

Expertise d n(%)

 Critical care 34 (91.9) 28 (90.3) 45 (78.9) 32 (91.4)

 Surgery 8 (21.6) 7 (22.6) 3 (5.3) 6(17.1)

 Internal medicine 4 (10.8) 1 (3.2) 4 (7) 1 (2.9)

 Global health 9 (24.3) 7 (22.6) 7 (12.3) 7 (20)

 Public health 7 (18.9) 4 (12.9) 7 (12.3) 6 (17.1)

 Implementation science 8 (21.6) 7 (22.6) 4 (7) 7 (20)

 Social sciences 3 (8.1) 2 (6.5) 3 (5.3) 2 (5.7)

 Health informatics 7 (18.9) 2 (6.5) 6 (10.5) 4 (11.4)

 Health systems research 15 (40.5) 10 (32.3) 7 (12.3) 12 (34.3)

 Anaesthesiology 1 (2.7) 1 (3.2) 9 (15.8) 1 (2.9)

 Other allied acute care specialities 3 (8.1) 4 (12.9) 5 (8.8) 3 (8.6)



Table 2 Prioritised indicators for piloting in the CCAA collaborating ICU registries

Indicator name Definition

FOUNDATION Include the population and their health needs and expectations, 
governance of the health sector and partnerships across sectors, 
platforms for care delivery, workforce numbers and skills, and tools and 
resources, from medicines to data

Patient to nurse ratio [40] Number of nurses or nurse technicians by the total number of patients on a 
given day (24 h). Numerator: Number of nurses on duty a given day (24 h). 
Denominator: Number of patients on a given day (24 h). Nurse is defined 
as a registered nurse or registered Intensive Care Unit (ICU) technician as 
per national regulations, irrespective of ICU training or background

Intensivist staffing to bed ratio [1] Number of Full-Time Equivalent (FTE) clinical specialists (i.e., completed 
speciality training) divided by the total number of ICU beds. Numerator: 
number of FTE consultant-grade doctors with regular daytime direct 
clinical care commitments, irrespective of primary medical specialty 
background, where they are solely responsible for patients admitted to 
ICU. Denominator is the total number of available ICU beds

Level of intensive care experience of nursing staff [41] Percentage of nurses on a given shift with a (nationally) recognised 
qualification in critical care and have experience working in the ICU for 
at least 1 year. Numerator: Number of nurses on shift in the ICU who are 
qualified and have at least 1 year of ICU experience. Denominator: Total 
number of nurses working same shift

ICU medical night coverage [42] Percentage of night shifts where a dedicated non-consultant grade doctor 
is immediately available to the ICU and assigned only to ICU with no 
other work commitment for a shift, per 100 night shifts the ICU is open. 
Numerator: night shifts where a dedicated (non-consultant grade 
doctor) resident in the ICU and assigned only to ICU with no other work 
commitment multiplied by 100. Denominator: available night shifts that 
ICU is open

Availability of continuous oxygen saturation monitoring heart rate (HR) 
and Non-Invasive Blood Pressure (NIBP) in all ventilated patients

Reference: None (novel indicator)

Daily proportion of mechanically ventilated patients who have access to 
continuous oxygen saturation monitoring, heart rate (HR) and Non-
Invasive Blood Pressure (NIBP) monitoring. Expressed as a percentage. 
Numerator: number of ventilated patients with all of oxygen saturation, 
Heart rate and NIBP continuously applied on a given day. Denominator: 
all ventilated ICU patients on the same day. Includes both invasive and 
non-invasively ventilated patients

PROCESSES Consists of competent care and positive user experience

Duration of mechanical ventilation [43] The length of ventilatory support > 2 weeks (or 10 days if transitioning to 
a tracheotomy for weaning). Excludes patients who are dependent on 
mechanical ventilation as a result of respiratory and/or neuromuscular 
disorders

Incidence of nosocomial bloodstream infection [44] Percentage of ICU patients who fulfil criteria for nosocomial blood infection 
as a proportion of all ICU admissions. Nosocomial Bloodstream Infection 
defined as: recognized pathogen cultured from one or more blood 
cultures and organism cultured from blood is not related to an infection 
at another site OR Fever (> 38 °C), or hypotension (identified either as 
MAP < 60 or administration of vasoactive therapy)

Incidence of ventilator associated pneumonia [45] Modified Clinical Pulmonary Infection Score definition (CPIS)

Pressure injury [46] Percentage of ICU patients with pressure injury as a proportion of the 
number of patients in the ICU. Numerator: number of ICU patients 
identified with pressure injury (any body site). Denominator: All 
ICUpatients. Pressure injuries categorised according to anatomical 
location—to be specified

Incidence of ICU-acquired drug resistant organism of interest (DRI) [47] Rate of ICU patients who develop positive culture for DRI (in the presence 
of new clinical signs of infection) 48 h or more after admission to ICU 
who were not known to have a DRI before ICU admission. Expressed 
as a rate per 1000 patient-days at risk. Positive culture can be from any 
microbiological sample positive for DRI regardless of source. Numerator: 
Number of ICU patients who develop positive microbiological culture for 
DRI 48 h or more after ICU admission. Denominator: patient-days at risk 
of DRI infection. This limits patient-days to those patients in whom DRI 
has yet to be found i.e., those eligible to become colonised or infected. 
Denominator calculated by total patient-ICU days minus patient ICU days 
of those already known to have a DRI



resources essential for ICU care (monitoring, infusion 
pumps and medications, including oxygen as described 
elsewhere in the literature) was a driver in our study 
for the measure of their availability being included as 
a foundation indicator [2, 26, 27]. Healthcare associ-
ated infections, pressure related injury and thrombus, 
were considered important alongside the universal 

public health primacy of multi-drug resistant infection. 
Absence of laboratory services and concerns over reli-
ability of sampling techniques and diagnostic steward-
ship, was a concern for respondents when appraising 
indicators for feasibility and reliability. The ongoing 
need to improve the quality of microbiology and diag-
nostic services particularly in Africa is well described 

Table 2 (continued)

Indicator name Definition

QUALITY IMPACTS Includes better health and its equitable distribution; on the confidence of 
people in their health system; and on their economic benefit,

Number of patients being discharged from ICU due to lack of funds to 
support ICU care

Reference: None (novel indicator)

Percentage of ICU admissions discharged alive from ICU due to lack of 
funds. Numerator: number of patients discharged alive from ICU due to 
lack of funds in the time period. Denominator: all alive discharges from 
ICU

ICU length of stay [48] Median (Inter Quartile Range—IQR) number of days patients are in the ICU. 
Measured per care encounter. 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

Hospital length of stay [49] The number of days between admission and discharge (index length of 
stay)

Risk adjusted ICU mortality (Standardised Mortality Ratio) [50] The ratio between the observed number of deaths and the predicted 
number of deaths stratified by risk. Numerator: observed ICU mortality 
rate (%). Denominator: risk adjusted predicted ICU mortality rate (%). 
Predicted mortality determined using Acute Physiology and Chronic 
Health Evaluation II (APACHE II), Simplified Acute Physiology Score III 
(SAPS III), or E-TropICS. [37–39, 48]

Burden of data collection - C3

Availability of source data - C3

Participation in quality improvement programs - C5

Accountability (e.g., health insurance) - C2

External workforce to collect data - C3

Other

Fear for benchmarking - C2

Uniformity of data collection - C1

Fear for publicity - C2

Mandatory data collection - C5

Fear for future pay for performance - C2

Feedback on your performance - C1

Other

Electronic data extraction (of quality indicators) - C1

-1.5

0

-1

0.5

-0.5

1

0

1.5

Fig. 3 Barriers and facilitators to implementation. Constructs (CFIR): C1—Intervention characteristics; C2—Outer setting; C3—Inner setting; C4: 
Characteristics of individuals; C5: Process



and, despite significant investment, remains a barrier 
to both quality improvement efforts and clinical trials 
[28, 29]. Whilst investment in laboratory and diagnos-
tics services (including microbiology and haematol-
ogy) has increased opportunities for training, ongoing 
disparities in infrastructure remain and are likely to 
hamper efforts to improve antimicrobial stewardship 
and infection control within critical care [28–32]. In 
addition, absence of or lack of existing peer agreement 
regarding indicators’ definitions further hampered vot-
ers’ ability to achieve consensus during selection and 
raised concerns as to how continual refinement in defi-
nitions undermines indicator reliability, prevents accu-
rate benchmarking and opened the door to “gaming” 
of indicators, particularly in healthcare systems where 
indicators are associated with pay for performance; 
common in South and SouthEast Asia, and emerging in 
some African countries [33–36].

There was a high proportion of process indicators 
selected (47.3%) in our study, compared to the 2012 
European Society of Intensive Care Medicine (ESICM) 
task force (where 22.2% were selected [7]). This shift may 
reflect growing awareness of the potential impact that 
omissions in daily care processes have on excess morbid-
ity and mortality [31]. It may further reflect the impact 
that staffing, training and until recently, the relative 
absence of infrastructure of reliable replicable data driven 
service evaluation has on patient outcomes and on efforts 
to improve care delivery. Outcome measures (quality 
impacts) were similar to those selected by previous con-
sensus studies from Europe and the UK [1, 7], with the 
addition of cost to both patient and provider, which is 
congruent with the need for out-of-pocket payments for 
care in many LMIC settings [11]. Indicators implemented 
in the network, will be evaluated for feasibility of collec-
tion and  validated for their association with outcomes. 
As is common practice with national ICU registries inter-
nationally, population outcomes will be adjusted for case-
mix, and risk using already validated and internationally 
comparable prognostic models (APACHE IV, SAPS III, 
and E-TropICS) [37, 38]. Impact of organisational fac-
tors, including team structure, resource availability and 
culture of quality improvement are also being explored 
using mixed methods. Definitions used to determine 
adverse events (for example incidence of healthcare asso-
ciated infection) have been chosen from published litera-
ture and will be assessed for feasibility and reliability in 
the different ICU populations.

The use of registry-based data collection, the co-design 
of implementation processes and the use of feedback 
tools were identified as important strategies to overcome 
known barriers of feasibility and reliability of data col-
lected [22–25]. Current measures of medium-long-term 

functional outcomes, whilst perceived as a priority, were 
considered poorly reflective of some social and lifestyle 
constructs for communities in Africa and Asia. For 
example, social and lifestyle constructs including driving, 
or playing sport did not reflect respondent experience 
of patient or family priorities, particularly for elderly or 
poorer economic quintiles of the population. Alterna-
tives including being able to carry and care for younger 
family members, or being able to work on the farm, were 
proposed. The need for greater investment in research 
exploring patient and public priorities for recovery and 
quality of life after critical illness remains.

From all representatives including those from the most 
fragile health systems there was a recognition that the 
expanding focus of critical from episodic care towards 
longer term holistic provision of care which requires 
greater understanding of the impact of critical care on 
patients, their families and wider population health well 
beyond the hospital walls. The absence of integrated 
health and social care systems and lack of interoper-
ability in healthcare data was seen as a significant bar-
rier to measuring the impact of existing ICU services and 
inform how to invest in services as they rapidly expand 
in LMICs. Even if solutions such as telephonic follow-up 
or cohort follow up for specific critical care populations 
could facilitate data collection of the indicators of qual-
ity, concerns remained as to whether there is sufficient 
expertise within health ministries and healthcare policy 
making agencies to interpret information.

The perceived importance of these measures in evalu-
ating quality of care, and the feasibility and acceptabil-
ity for communities of capturing outcomes after ICU 
is reflected in the request from the EP to include such 
indicators in the prioritisation exercise (round 4) despite 
these indicators failing to meet the threshold for inclu-
sion based on consensus scoring. Whilst the tension of 
overriding the Delphi process is a potential weakness of 
the study, the ACs decision to include these indicators 
for prioritisation was intended to strengthen the stud-
ies aim of identifying stakeholder prioritised indicators. 
The unique opportunity of the network’s community of 
practice is the uplift in infrastructure and methods to be 
able to overcome potential barriers (such as feasibility 
of follow up) and to undertake parallel PPIE research to 
explore the acceptability of follow up services in Asia and 
Africa, where the network is active. Of the 57 selected 
indicators selected after round three, 14  indicators were 
prioritised.

Limitations
The stakeholder representation for this Delphi was 
dominated by experts working in Asia and Africa, where 
the CCAA collaborating registries are operational. There 



was, however, representation from ICU experts (with 
expertise in and experience of using clinical registries) 
from South America. It must also be acknowledged that 
not all countries in Asia and Africa were included and 
those included have access to an online ICU registry and 
are part of a research collaboration, thus more likely to be 
engaged in and aware of the value of quality improvement 
and research as part of high-quality health systems. With 
increased focus on quality improvement across LMICs 
and investment in electronic systems like DHIS2 [39], 
our findings go beyond just Asia and Africa, and may be 
applicable to LMICs.”

Despite invitations to all sectors of clinical healthcare 
teams, nursing and allied healthcare professional 
representation remained limited and may have 
contributed to the gender imbalance observed in this 
Delphi; the majority of respondents were male. The 
absence of patient representation, despite invitations 
to patients and patient advocacy experts to participate, 
is a limitation of this study. Patient representatives 
approached declined participation citing concerns 
regarding their understanding of quality in healthcare, 
and in the case of advocacy experts, their understanding 
of critical care in the LMIC context. The pandemic 
brought into focus the absence of understanding of 
critical care by the general public and indeed other 
non-acute sectors of healthcare. Public engagement and 
education regarding the role critical care services may 
play in improving population health is needed. However, 
representation from stakeholders in Asia and Africa in 
this study, often underrepresented in similar research, 
was proportionally higher than reported in other 
published studies. [10, 21].

Conclusion
This Delphi study resulted in the selection of 57 indica-
tors (16 foundation, 27 process and 14 quality impact) 
suitable for use in LMICs. Whilst recognition of the need 
for ongoing investment in health service infrastructure 
remained, stakeholders voting patterns demonstrated an 
increasing awareness and prioritisation of the need to 
measure care processes within the ICU and its potential 
to improve care standards and reduce avoidable harm. 
Despite the challenges of maintaining validity and relia-
bility of existing indicators of ICU outcome when applied 
to more diverse critical populations and organisational 
structures, the Delphi process underscored the impor-
tance of these indicators. Context specific definitions, 
addressing known barriers to feasibility of data collec-
tion and absent information, were identified. This indica-
tor set may become a tool to support benchmarking and 
quality improvement programs for ICUs beyond those 
represented here.
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