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The following document 
summarizes metadata for indicators 
in global surgery and anaesthesia. 

This family of indicators originally appeared 
as a recommendation from the Lancet 
Commission on Global Surgery for high 
level monitoring of preparedness capacity, 
delivery of care, and downstream effects 
related to surgical interventions. Modified 
through two iterations of Utstein Consensus 
in 2019 and 2022, the following metadata 
serve as a guide to administrators and 
policymakers alike in the implementation 
and interpretation of data in surgery and 
anaesthesia. The data outputs aim to meet 
the World Health Assembly’s mandate in 
Resolution 68/15 for ‘meaningful and reliable 
information’ on surgical delivery towards the 
achievement of Sustainable Development 
Goal 3 to ‘ensure healthy lives and promote 
well-being for all at all ages’.
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INDICATOR 1:  
GEOSPATIAL ACCESS

0. Indicator information 

O.a. Indicator
Geospatial access to surgical and anaesthesia care

O.b. Series
This Indicator is one of the 5 Global Surgical Indicators. The other 4 Indicators are: Geospatial Access, Volume, 
Perioperative Mortality Rate, and Catastrophic Expenditure

O.c. Metadata update
June 20, 2022

O.d. Related SDG indicators
Related to Indicator 3.8.1 ‘Coverage of essential health services’ and Indicator 3.b.3 ‘Proportion of health 
facilities that have a core set of relevant essential medicines’.

O.e. Suggested International Organization(s) responsible for global monitoring
United Nations Statistics Division, WHO

1. Data Reporter
 
1.a. Suggested Organization
United Nations Statistics Division, WHO

2. Definitions, Concepts & Classifications

2.a. Definitions & Concepts

Definition:
Geospatial access to surgical and anaesthesia care is defined as the proportion of a country’s population living 
within two hours of a healthcare facility which safely provides Bellwether procedures (caesarean section, 
laparotomy, and surgical management of open long bone fracture). The data inputs necessary for this indicator 
are: subnational population census (at small geographic levels), georeferenced facility locations, topographic 
and road system data for travel time calculations, and capacity of health facilities to safely perform Bellwether 
procedures (facility-based data regarding workforce availability). 

Concepts: 
It is important to clarify that this indicator measures ‘geospatial access’ and not ‘realized access’. Geospatial 
access refers to physical proximity of safe services and road infrastructure that allows for potential access, 
regardless of whether a person in need of care actually receives it. Realized access refers to not only to the 
presence of components necessary for potential care, but the actual receipt and delivery of that care in a timely 
fashion. This is a critical difference because geospatial access does not measure various aspects of seeking care, 
such as care-seeking behaviours and the availability of transportation, amongst others. 
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It is equally important to clarify the necessary criteria for a healthcare facility to be considered a Bellwether 
Hospital; where safe surgical procedures are considered accessible to the public at all times. In collaboration 
with the Ministry of Health, various data points must verified. First, the full-time availability of a surgeon, 
anaesthesiologist, and obstetrician at said facilities must be confirmed. Second, each of the Bellwether 
procedures must be performed in the previous month. Third, the Bellwether Hospital will ideally comply with 
the core standards of the WHO Guidelines for Safe Surgery, including: continual availability of a pulse oximeter, 
adult bag mask, oxygen, suction, intravenous fluids, sterile gloves, skin preparation solution, and a functioning 
sterilizer; although these factors are not currently quantified.(WHO 2009, Esquivel) Lastly, these services must 
be available regardless of patients’ ability to pay, especially with regards to emergencies.

2.b. Unit of measure
This indicator is reported as a proportion of a population, calculated as a percentage.

2.c. Classifications

Basic, Intermediate, and Full Data Sets:
•	 Basic Data Set includes overall population densities at a resolution of 1x1km, location of health facilities 

offering Bellwether procedures, geospatial dataset of roads with estimated travel times between population 
and facilities.

•	 Intermediate Data Set expands by adding information for population by age groups (five years), by sex, and 
by adding facility information with regards to level of care (primary, secondary or tertiary facility), and facility 
type (public, private, charitable, etc).

•	 Full Data Set further may expand by including adherence to standards in safety of care (continual availability 
of a pulse oximeter, adult bag mask, oxygen, suction, intravenous fluids, sterile globes, skin preparation 
solution, and a functioning sterilizer) and user-generated travel times.

3. Data Source type and data collection method

3.a. Data sources
This indicator is measured by combining various geospatial data inputs, namely: population distribution, facility 
locations, road networks, and Bellwether Hospital criteria. These data points carry the advantage of having 
standardized units across settings (i.e. kilometres squared) to improve consistency. 

Population Distribution. The most comprehensive source of population data in most countries is the population 
census. Censuses generally provide population numbers, household or family size and composition, and 
information on sex and age distribution. The unique advantage of the census is that it represents the entire 
statistical universe, down to the smallest geographical unit of a country or region. Further, the census is the 
starting point for household surveys as it provides the basis for drawing sampling frames. National Statistical 
Offices often face obstacles that can impact the successful implementation, data quality, and overall completion 
of a national population census. Innovative statistical approaches are being developed and evaluated to support, 
and potentially improve, census planning and implementation. When available and reliable, they should be 
evaluated in close partnership with the appropriate Ministries (i.e. of Health, of Transportation, etc). When 
not available, population distribution data sets have been developed by the international research community 
through comprehensive modeling (See 4.f ‘missing values’). WorldPop provides reliable and timely updates to 
estimates for most settings. GHSL also provides estimates; particularly suitable in rural settings.(GHSL) Data 
from these sources should be interpreted in active partnership with Ministries at the country level. (WorldPop)
(Leyk et al)

Facility Locations: Ministries of Health will typically maintain registries of all healthcare facilities. This is 
especially true of the public sector hospitals. Outside the public sector, hospital accreditation agencies may 
also be a source of information. Due to the fact that these facilities are located within cities, large and small, it 
is typically possible to assign geospatial orientation to individual healthcare facilities and/or the cities in which 
they are located. This exercise is facilitated by the use of various geospatial computer applications, such as: ESRI 
ArcGIS, Redivis, and Google Earth. 

Topographic Data: Topographical information including elevation, land cover, and land use at high spatial 
resolution generate a digital elevation model (DEM) for the integration of slope as one of the main topographical 
factors impacting the speed of human movement across space. Base DEM at 30m or 90m resolution (depending 
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on computational analytic power available) on the Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) Global DEM (ASTER Validation Team, 2009). Another variable is a landcover layer and 
a table defining travel speeds for each landcover category. Landcover types can impact travel speeds with 
grasslands having a faster speed compared to a densely wooded area. Other topographic variables include 
natural barriers to movement which have the potential to improve the travel time estimates by decreasing or 
increasing the travel speeds towards the health facilities providing Bellwether procedures. Barriers to movement 
may include but are not limited to rivers, bodies of water, natural reserves, military zones, protected areas, 
disaster-prone areas, etc.

Road Networks: Governments typically maintain active information for road systems within appropriate 
agencies and internal departments/ministries. When not available or of insufficient detail, road location data 
may be found in alternative databases, such as open source OpenStreetMap.(OpenStreetMap) and/or the United 
Nations Office for the Coordination of Humanitarian Affairs: The Humanitarian Data Exchange to generate road 
network data layers. In order to generate ‘access zones’ (within 2 hours travel distance), various other data 
software programs are also available, such as: HERE, SEDA, and GoogleMaps (manual contour mapping). In 
some settings, user-generated estimates may be possible (i.e. Waze, google maps). Lastly, it is also possible 
to generate river network data layers from the HydroSHEDS database. These data provide hydrographical 
information in a consistent and comprehensive format for regional and global-scale applications.

Bellwether Hospital Criteria: Governments are encouraged to maintain active registries regarding surgical 
capacity. In 2005, the WHOs Global Initiative for Emergency and Essential Surgical Care (GIEESC) launched a 
standardized survey tool to gather information regarding the availability of resources and protocols necessary 
for the safe delivery of surgical and anaesthesia care. Numerous countries have completed national assessments 
of surgical capacity using this tool or a subsequent modification of the same (i.e. SAT). From this tool, surgical 
capacity and safety are confirmed with the presence of: full time availability of surgical, anaesthesia, and 
obstetric providers, continual availability of a pulse oximeter, adult bag mask, oxygen, suction, intravenous fluids, 
sterile globes, skin preparation solution, and a functioning sterilizer.

3.b. Data collection method
Data collection proceeds in collaboration between various ministries of government and academic/research 
communities. Where data do not already exist, primary data collection may be necessary through site visits and 
tailored surveys coordinated through the Ministry of Health. 

3.c. Data collection calendar
Data collection proceeds on a rolling basis for population census, healthcare facility locations, and road 
networks. Additionally, Bellwether criteria should be collected every 5-10 years with the objective of countries 
first collecting the basic dataset and then progressing to intermediate and full data sets within 5-10 years. We 
strongly advocate creating new mechanisms for data collection but the emphasis should lie on integrating these 
systems within the existing national data collection exercises to minimize the burden placed on the national 
statistical systems.

3.d. Data release calendar 
Data are released every two years in the calendar year of their calculation.

3.e. Data providers 
National-level data providers are typically statistical offices, ministries of government (of Transportation, of 
Health, of Finance, etc), Surveyor General Office, and specialized road monitoring authorities.

3.f. Data compilers 
United Nations Population Division, WorldPop Project, World Bank, OpenStreetMap

3.g. Institutional mandate
WHA Resolution 68.15: (1.1) urges Member States “to identify and prioritize a core set of emergency and 
essential surgery and anaesthesia services at the primary health care and first-referral hospital level, and to 
develop methods and financing systems for making quality, safe, effective and affordable emergency and 
essential surgical care and anaesthesia services accessible to all who need them, including promoting timely 
referral and more effective use of the health care workforce through task-sharing, as appropriate, as part of an 
integrated surgical care network in order to achieve universal health coverage;”
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4. Other methodological considerations  

4.a. Rationale
Insufficient access to surgical and anaesthesia care cripples economies throughout the world, accounting 
for trillions of USD in losses. Sustainable development is dependent on addressing access to surgical and 
anaesthesia care. Geospatial methods have been validated to identify suboptimal distribution of surgical 
services which exacerbate health disparities. Geospatial modeling allows the public health community to 
map access and promote informed policy-making towards measurable improvement in the delivery of safe, 
affordable, and timely anaesthesia and surgical care.  

4.b. Comment & limitations
The goal of this indicator is to identify first and foremost whether patients can physically reach the 
hospital within a timely fashion (<2 hours) to address an emergent surgical condition. However, access is 
multidimensional and includes measures of geography, transportation and travel conditions, social acceptability 
(including gender dimensions in decision making), political climate and stability, ethnic and cultural issues, 
timeliness, health service capacity at the facility level, organization and coordination, quality, safety, and 
affordability. Thus, we recognize that 2-hour geospatial access is merely a surrogate for theoretical capability 
of receiving timely surgical care, rather than whether patients with surgical problems actually receiving 
consultation and treatment. 

The most significant limitation is that geospatial access assumes that appropriate services can and will be 
rendered when geospatial access to a Bellwether Hospital exists; yet multiple other barriers may exist. At 
the individual level, patients and their families experiencing illness make choices about whether to seek care 
based on their own values and competing priorities. Environmental factors such as climate, political stability, 
and infrastructure may fluctuate leading to inconsistent access throughout the year. Facility-level factors may 
influence which hours or days or for which conditions care can be provided. 

Additional limitations pertain to data consistency and reliability. First, data sources and methodology for 
assessing this indicator vary by region and must be tailored to the national needs. Moreover, certain areas of 
countries can be missed from national data collections, such as the census, due to conflict, inaccessibility, or cost 
limitations. National population and housing census data can be outdated, inaccurate, or missing key groups 
or areas, while registry data are generally lacking or incomplete. Additionally, accurate boundary data are often 
limited, and high rates of migration and urban growth make existing data quickly outdated. Recent advances 
in the availability of detailed satellite imagery, geo‐positioning tools for field surveys, statistical methods, and 
computational power are enabling the development and application of approaches that can estimate population 
distributions at fine spatial scales across entire countries in the absence of census data.

4.c. Method of computation 
The proportion of population within geospatial access of surgical care is calculated using the data inputs from 
multiple sources in the following steps. First, create a digital elevation model (DEM) at 30m (1-arc-second) 
or 90m (3-arc-seconds). Of note, a 30m resolution ensures a more accurate estimate but also requires more 
computational analysis.(Davis et al) Next, population data are used at grid level to generate catchment areas 
independent of administrative areas often used in official statistical exercises. Then classify road networks into 
main categories based on the road conditions (i.e. residential area, primary, secondary and tertiary roads). With 
regards to projected speed, local knowledge can be used, such as: residential areas 15 km/hour, primary roads 
45 km/hour, secondary roads 85 km/hour, and tertiary roads 100 km/hour. Then convert road network to a 
raster layer at 30-meter cell size. 

Next, one must determine the transportation method (i.e. car, motorcycle, walking, etc) and incorporate any river 
networks. Calculate travel times using motor vehicles for main types of roads after assigning an average speed 
to each road type. At present, a standardized definition of geographical accessibility does not exist but one 
can consider a time gradient of up to 30 min, up to 1 hour, up to 2 hours, and above 2 hours for the mapping 
of geographical accessibility. In order to estimate human walking speed over cross-country terrain, consider 
Tobler’s Hiking Function (used to model human movement across space). An equation for walking speed based 
on terrain slope yields walking velocity, W (m/s), approximated by: 

V=6×e–3.5×abs(S+0.05)

where V represents walking velocity (km/hour), e means exponential, abs means absolute and S equals the 
terrain’s degree of slope (dh/dx). Another variable corresponds to the presence of natural barriers, such as rivers, 
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which could prevent people from traveling in a straight line in the absence of a bridge. Cells corresponding to 
areas with a river and no bridge need to be assigned a lower speed, for example of 3 km/hour. 

Develop accessibility analysis in a raster format by converting the geographic area of analysis into gridded cells, 
measuring 30 by 30 m, based on the DEMs. Then assign each cell a friction value based on characteristics of 
slope, roads, and natural barriers. Integrate the friction grid into the model to run the cost-weighted distance 
algorithm over the raster surface. The cost-weighted distance algorithm calculates the accumulated time it takes 
to arrive at each qualifying health facility depending on departure location, replacing overlapping values with 
the most efficient route. In the second step, catchment areas were generated from the cost-distance grid, which 
contained the minimal total cost to travel from each health facility location(s) to any cell. Contour techniques 
were used to generate catchment areas of 0–30 min, 0–60 min, 0–120 min, and above 120 min around each 
health facility providing paediatric surgery and anaesthesiology services. Finally, extract the target population by 
catchment areas, age, and sex to calculate the population’s geographical access to care.

As an alternative to the above methodology, one might also perform the following. First, obtain integrated 
geographic location of hospitals assembled mainly from the databases of national governments (ministries of 
health and statistical agencies). Second, include only the district and regional hospitals out of all the hospitals, 
based on the assumption that only these larger hospitals have surgical capacity. Third, build a bimodal model 
in AccessMod to generate a raster surface of travel times to hospital locations. Fourth, conduct anisotropic 
analysis to consider the influence slope in terrain has on travel speed. Fifth, calculate hospital catchment areas 
from the travel times within which people should have access to a surgical facility (choose 2 hours, 1 hour, and 
30 min as cut-off times). Lastly, to calculate the population in reach integrate georeferenced population census 
or WorldPop population estimates and apply the mean radius for catchment zones and estimate the population 
in hospital catchment areas.

4.d. Validation
Primary data inputs for geospatial access are frequently unobtainable and modeled estimates must be 
rigorously validated in direct consultation with appropriate Ministries. In Sections 3.a on ‘data sources’ and 4.f 
on ‘missing data’, the preference for primary data is outlined with acceptable (modeled) alternatives. However, 
it is imperative to acknowledge that modeled data are only as good as the input data. For example, if a 
modeled population estimate from WorldPop relies on a census conducted 15 years prior, then all subsequent 
calculations will be inherently 15 years old. Given the many variables necessary to calculate geospatial access, 
any factors affecting calculations should be transparently reported and updated as often as possible. 

4.e. Adjustments
The geospatial access indicator is not meant to be risk-adjusted in the way that clinical outcomes are adjusted 
for potential confounders. However, demographic covariates such as age, sex, and facility type may provide 
insight into which groups of patients in a given population are at higher risk for adverse outcomes related to 
deficiencies in access.

4.f. Treatment of missing values (i) at country level and (ii) at regional level
Where no census data are available or accessible, modeled population estimates, with their predictive surface of 
population density, hold the potential to serve as population indicators.  Model-based approaches to estimating 
populations are developed based on the correlation between population density and geospatial covariate data 
layers. These correlative relationships can be leveraged into a statistical model to predict population density, 
with certain levels of uncertainty, depending on the initial input data. These models offer the advantage of 
relatively low cost and may provide alternative ways of deriving more recent population estimates to inform 
census planning and implementation. Yet, by virtue of being probabilistic, model-based estimates should not 
be treated in the same way as true population counts, but more as an opportunity to refine planning when the 
most recent census is largely outdated. 

Concretely, estimates rely on existing or specifically implemented sample population surveys, such as those 
derived in the household enumeration stage of a 2-stage cluster sample. These samples are then combined with 
geospatial covariate data layers to form the basis of the statistical model. Once the model has been produced, 
other independent data sources, such as household surveys, can be used to verify newly modeled population 
predictions. Population counts are then converted to population densities, modeled as a function of satellite 
imagery-based or geospatially derived covariate layers, such as distance to roads, night-time lights intensity, 
or land cover classification. Often, one of the best predictors of population density is the presence or absence 
of built structures. Assuming that populations are mostly in settled areas, we can estimate the population of a 
country by combining the densities within settled areas. This requires that settlement mapping is undertaken, 
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most often using recent, very high-resolution satellite imagery. The model can then predict population density 
because it is based on the entire landscape of a country. These predictions are typically derived in terms of 
population density, or people per unit area, such as grids of 1000 by 1000 or 100 meters by 100 meters, which 
can be applied to any aerial units, such as administrative areas or census enumeration area delineations.

4.g. Regional aggregations
Regional aggregations may apply to subnational regions within a single country or to supranational regions of 
neighboring countries. In either domain, analysis at the regional level exposes disparities in access between and 
within populations. Rural patients often contend with longer travel distances, poor road quality, and seasonal 
changes and require special attention. While urban patients are closer to hospitals, traffic congestion and 
referral patterns can also cause delay and must be considered.

4.h. Methods and guidance available to countries for the compilation of the data at national level 
Various examples of geospatial access in low and middle-income countries are publicly available in the 
published research and gray literature. (Esquivel et al, Raykar et al, Stewart et al, Dare et al, and Alkire et al). 
Additionally, a second worked example of data analysis can be found here. 

5. Data availability & disaggregation 

Currently, 19 countries have reported geospatial access to timely essential surgery and anaesthesia care.
(Holmer et al)  When available, data should be disaggregated according to age, sex, and facility type/setting. 

6. Comparability/deviation from international standards

There are no historical data regarding geospatial access for comparisons across time. However, given 
the variability in availability of primary national data inputs, it bears repeating that modeled estimates of 
populations, roads, transportation, and even Bellwether Hospital criteria require interpretation in close 
collaboration with appropriate Ministries to ensure the greatest data fidelity when inevitable discrepancies arise 
between modeled estimates and primary data obtained through census and/or survey. 
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INDICATOR 2:  
WORKFORCE DENSITY

0. Indicator information 

O.a. Indicator
Volume of each of surgery, obstetric, and anaesthesia providers who are actively practicing, per 100,000 
population

O.b. Series
This Indicator is one of the 5 Global Surgical Indicators. The other 4 Indicators are: Geospatial Access, Volume, 
Perioperative Mortality Rate, and Catastrophic Expenditure

O.c. Metadata update
June 20, 2022

O.d. Related indicators
Related to SDG Indicator 3.c.1. ‘health worker density and distribution’, SDG Indicator 3.8.1. ‘coverage of 
essential health services’, and WHO Core Health Indicator ‘health worker density and distribution’

O.e. Suggested International Organization(s) responsible for global monitoring
United Nations Statistics Division, WHO Global Health Workforce Statistics, International Labour Organisation 
(ILO) International Standard Classification of Occupations

1. Data Reporter

1.a. Suggested Organisation
United Nations Statistics Division, WHO Global Health Workforce Statistics, International Labour Organisation 
(ILO) International Standard Classification of Occupations

2. Definitions, Concepts & Classifications

2.a. Definitions & Concepts

Definitions:
Volume of each of surgical, anaesthesia, and obstetric providers who are actively practicing, per 100,000 
population. 

Concepts: 
For each of the specialty areas (i.e. surgery, anaesthesia, and obstetrics) there are various provider types. 
Depending on country-specific context, each specialty area may include: ‘nationally recognized certification as 
specialist physicians’, ‘nationally recognized certification as non-specialist physicians’, ‘nationally recognized 
certification as non-physician practitioners’, and ‘other practitioners’ who do not fit into the aforementioned 
categories (includes trainees and non-certified non-physician providers.

2.b. Unit of measure
Health worker densities by specialty per 100,000 population
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2.c. Classifications

Basic, Intermediate, and Full Data Sets:
•	 Basic Data Set includes the total volume of nationally recognized certification as specialist practitioners 

(physicians and ‘other’) for each of surgical, anaesthesia, and obstetric care, disaggregated by provider type.
•	 Intermediate Data Set expands on the basic by differentiating all provider types, namely: nationally 

recognized certification as specialist physician, nationally recognized certification as non-specialist 
physician, nationally recognized certification as non-physician, and “other practitioners”; disaggregated by 
setting (urban vs rural), financing of employment (facility labeled as public, private, charitable, or combined), 
and level of facility (primary, secondary, tertiary).

•	 Full Data Set further expands on the intermediate set by also reporting age, sex, and sub-specialization of 
all provider types. 

3. Data Source type and data collection method

3.a. Data sources
Data inputs to calculate this indicator include: Ministries of Health, WHO country offices, WHO database 
on primary-emergency-operative-critical care, professional societies (e.g. World Federation of Societies of 
Anesthesiologists), members of WHO Global Initiative for Emergency and Essential Surgical Care, specialist 
registration boards, training colleges, licensing bodies or councils, and journal publications.

3.b. Data collection method
Data are typically obtained through country-wide surveys and should be triangulated with registration 
authorities, professional societies, multilateral institutions, and Ministries of Health.

3.c. Data collection calendar 
Source data are collected every 1-5 years with the objective of countries first collecting the basic dataset and 
then progressing to intermediate and full data sets within 5 years. 

3.d. Data release calendar 
There is variability in the periodicity of data release.

3.e. Data Providers
National data providers are typically a combination of the following: Ministries of Health, healthcare facilities, 
health professional councils or licensing agencies, and nongovernmental organizations.

3.f. Data compilers
The compilation of data regarding the various types of healthcare providers in this indicator is multifaceted. 
The World Health Organization facilitates data compilation through various mechanisms, including: SAO 
Workforce Collaborating Centers, National Health Workforce Accounts, National Census, Labor Force Surveys, 
and the Global Health Observatory (Health Workforce Stats Team). Other multilateral institutions include: World 
Bank, International Labour Organization (ILOSTAT database, Interagency Data Exchange framework), USAID 
Intrahealth CapacityPlus projects (iHRIS databases), OECD, and various regional/global professional societies 
(e.g. World Federation of Societies of Anesthesiologists, West African College of Surgeons, COSECSA, WACS, 
International Federation of Nurse Anesthetists, etc)

3.g. Institutional mandate
The World Health Assembly has passed multiple resolutions regarding the maintenance of information 
databases for healthcare workforce, including: WHA Resolution 68.15 (1.5) urging  Member States “to carry 
out regular monitoring and evaluation of the emergency and essential surgical care and anaesthesia capacity 
of health care facilities to identify unmet infrastructural needs, human resource needs, training and supply 
needs”, and WHA 69.19 urging all Member States to consolidate “a core set of human resources for health 
data with annual reporting to the Global Health Observatory, as well as progressive implementation of national 
health workforce accounts, to support national policy and planning and the Global Strategy’s monitoring and 
accountability framework.”
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4. Other methodological considerations

4.a. Rationale
Surgical workforce data that are available and comparable will drive advocacy, inform planning, and ultimately 
contribute to a strengthening of the surgical capacity at local, national, and international levels on the path to 
universal health coverage.

4.b. Comment & limitations
There are multiple limitations in interpreting data for the surgical, obstetric, and anaesthesia workforce. Public 
registries often underestimate the workforce in private and nongovernmental sectors. Additionally, information 
maintained in registries of professional societies is often outdated and does not account for patterns in 
migration and retirement. Due to variation in periodicity, national registries are not updated in sync, making data 
from some countries more outdated than others. 

4.c. Method of computation
The density of surgery, obstetric, and anaesthesia providers who are actively practicing, per 100,000 population, 
is calculated as follows:

where the national volume of providers in the categories of surgery, anaesthesia, and obstetrics (SAO) are 
summed for the entire national population of a given country (c).  For the Intermediate and Full data sets, this 
calculation is repeated for providers of each type (specialist physicians, non-specialist physicians, non-physician 
practitioners, and other practitioners). Correctly matching the provider volume with their corresponding 
catchment area is crucial to avoid ecological fallacy that will bias the results. The best way of coupling the 
numerator with the denominator is to capture nationwide data, but this is not always possible. For this reason, 
any counts of providers are performed through a consultative and analytical process led by country experts, 
Ministries of Health, and academic centers of excellence. This includes reviews of individual Ministry reports, 
multilateral institutions, academic literature, and gray literature.

4.d. Validation
Data are typically obtained through country-wide surveys and should be triangulated with registration 
authorities, professional societies, multilateral institutions, and Ministries of Health.

4.e. Adjustments
Workforce data for surgery, anaesthesia, and obstetrics are not typically adjusted, but there are various 
population-level statistics that may be relevant to discussion and interpretation of workforce data. These 
include: training programs with statistics on trainees and graduates, migration patterns (if known), proportions 
of sectors within a healthcare system (public, private, nongovernmental, etc), and non-citizen providers. 

4.f. Treatment of missing values (i) at country level and (ii) at regional level
Missing values are commonplace in workforce data and should be reported transparently. For regional and 
global average densities, if annual data points are missing for many countries, range aggregation technique 
can be used by gathering data points within several years that is closest to the year of interest. For example, 
if aggregation is needed for 2010, one data point per country within 2008-2012 closest to 2010 can be put 
together and used for range aggregation for 2008-2012 or for approximate 2010 aggregation. If aggregation 
for the most recent time is needed, most recent data point per country within the last few years (e.g. last 7 years 
as 2015-2021) can be put together and used for range aggregation for 2015-2021 or approximate aggregation 
for 2018 as mid-time. No aggregate should be calculated if missing data account for more than a third of the 
value of weights in the year of interest. However, the range aggregation technique increases the chance of 
having data for more than a third of the value of weights.

4.g. Regional aggregations
The regional and global average densities are estimated as the population weighted average of national 
densities. The country populations for regions and the world are extracted from international organizations’ 
databases, such as the UN Population Division’s World Population Prospects database and World Bank’s World 
Development Indicators database. 

Accounts, National Census, Labor Force Surveys, and the Global Health Observatory (Health 
Workforce Stats Team). Other multilateral institutions include: World Bank, International Labour 
Organization (ILOSTAT database, Interagency Data Exchange framework), USAID Intrahealth 
CapacityPlus projects (iHRIS databases), OECD, and various regional/global professional 
societies (e.g. World Federation of Societies of Anesthesiologists, West African College of 
Surgeons, COSECSA, WACS, International Federation of Nurse Anesthetists, etc) 
 
3.g. Institutional mandate 
The World Health Assembly has passed multiple resolutions regarding the maintenance of 
information databases for healthcare workforce, including: WHA Resolution 68.15 (1.5) urging  
Member States “to carry out regular monitoring and evaluation of the emergency and essential 
surgical care and anesthesia capacity of health care facilities to identify unmet infrastructural 
needs, human resource needs, training and supply needs”, and WHA 69.19 urging all Member 
States to consolidate “a core set of human resources for health data with annual reporting to the 
Global Health Observatory, as well as progressive implementation of national health workforce 
accounts, to support national policy and planning and the Global Strategy’s monitoring and 
accountability framework.” 
 
 
 
4. Other methodological considerations 
 
4.a. Rationale 
Surgical workforce data that are available and comparable will drive advocacy, inform planning, 
and ultimately contribute to a strengthening of the surgical capacity at local, national, and 
international levels on the path to universal health coverage. 
 
4.b. Comment & limitations 
There are multiple limitations in interpreting data for the surgical, obstetric, and anesthesia 
workforce. Public registries often underestimate the workforce in private and nongovernmental 
sectors. Additionally, information maintained in registries of professional societies is often 
outdated and does not account for patterns in migration and retirement. Due to variation in 
periodicity, national registries are not updated in sync, making data from some countries more 
outdated than others.  
 
4.c. Method of computation 
The density of surgery, obstetric, and anesthesia providers who are actively practicing, per 
100,000 population, is calculated as follows: 
 

∑𝑐𝑐
𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝   𝑋𝑋 100,000 

 
where the national volume of providers in the categories of surgery, anesthesia, and obstetrics 
(SAO) are summed for the entire national population of a given country (c).  For the 
Intermediate and Full data sets, this calculation is repeated for providers of each type (specialist 
physicians, non-specialist physicians, non-physician practitioners, and other practitioners). 
Correctly matching the provider volume with their corresponding catchment area is crucial to 
avoid ecological fallacy that will bias the results. The best way of coupling the numerator with 
the denominator is to capture nationwide data, but this is not always possible. For this reason, 
any counts of providers are performed through a consultative and analytical process led by 
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4.h. Methods and guidance available to countries for the compilation of the data at national level
Methods of international surveys and data aggregation are available in the published academic literature and 
through various websites, namely: Global Health Workforce Alliance, National Health Workforce Accounts, 
iHRIS, Eurostat5, WHO Global Health Workforce Statistics, OECD Stat database, WHO European database 
on human and technical resources for health, WHO European Health for All database, WHO Global Health 
Observatory, and World Bank World Development Indicators.

5. Data availability & disaggregation 

Workforce data for surgery, anaesthesia, and obstetrics are available in 154 countries for the Basic Data Set 
of specialist physicians. An additional 12 countries have reported data on one or two (but not all three) of the 
provider types. There are very few countries who report national Intermediate and Full Data Sets. As these data 
become available, it will be important to disaggregate accordingly; by differentiating all provider types, namely: 
nationally recognized certification as specialist physician, nationally recognized certification as non-specialist 
physician, nationally recognized certification as non-physician, and “other practitioners” of surgery, anaesthesia, 
and obstetric care; by setting (urban vs rural), employment (public vs private), level of facility (primary, 
secondary, tertiary); and by age, sex, and sub-specialization of all provider types.

6. Comparability/ deviation from international standards

Most of the agencies and institutions monitoring healthcare workforce data either omit or do not differentiate 
surgical, anaesthesia, and obstetric providers from the broader context of generic medical workforce. For 
example, the International Standard Classification of Occupations (ISCO) from the International Labour 
Organization includes counts of surgeons, anesthetists, and obstetricians but reports them all together as 
‘specialist medical practitioners’. Similarly, SDG ‘Indicator 3.c.1: health worker density and distribution’ includes 
density of medical doctors, nurses, and midwifery personnel, but does not report specifically on surgeons, 
anesthesiologists, or obstetricians. SDG ‘Indicator 3.8.1: coverage of essential health services’ includes counts 
of ‘physicians, psychiatrists, and surgeons’, but does not include any information on anesthesiologists or 
obstetricians.
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INDICATOR 3:  
VOLUME OF SURGERY

0. Indicator information 

O.a. Indicator
Surgical procedure volume density per 100,000 population

O.b. Series
This Indicator is one of the 5 Global Surgical Indicators. The other 4 Indicators are: Geospatial Access, 
Workforce, Perioperative Mortality Rate, Catastrophic Expenditure Risk

O.c. Metadata update
June 20, 2022

O.d. Related indicators
Related to SDG Indicator 3.8.1 ‘Coverage of essential health services’, World Bank’s World Development 
Indicators ‘Number of surgical procedures’, and WHO 100 Core Indicators ‘Utilization and access: outpatient 
service utilization, inpatient admissions, and surgical volume. 

O.e. Suggested International Organization(s) responsible for global monitoring
United Nations Statistics Division, World Health Organization (WHO)

1. Data Reporter
 
1.a. Suggested Organization
United Nations Statistics Division, World Health Organization (WHO), World Bank (REF)

2. Definitions, Concepts & Classifications

2.a. Definitions & Concepts

Definitions:
Number of surgical procedures performed in an operating theatre using any form of anaesthesia per 100,000 
population per year.

Concepts:
This definition recognizes that there is no universal definition of surgery and that it is therefore useful to count 
only those surgical procedures that required regional or general anaesthesia or deep sedation with/without local 
anaesthesia. All facilities providing surgical care are included, be they private or public sector. The denominator 
population should be synonymous with the catchment area of a given facility or geographic region. 

2.b. Unit of measure
Volume of surgical procedures performed in an operating theatre using any form of anaesthesia per 100,000 
population per year
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2.c. Classifications

Basic, Intermediate, and Full Data Sets:
•	 Basic Data Set includes the total number of surgical procedures performed in an operating theatre using any 

form of anaesthesia per 100,000 population per year.
•	 Intermediate Data Set expands by disaggregating surgical procedures by age, sex, ASA class, emergency 

status (emergency vs elective), setting (urban vs rural), level of healthcare system (primary, secondary, 
tertiary), facility type (public vs private), and surgical procedure type according to the Utstein procedure list. 

•	 Full Data Set further expands by disaggregating by level of certification of practitioners (specialist, non-
specialist physician, non-physician), and linked to diagnosis (ICD-10). 

3. Data Source type and data collection method

3.a. Data sources
Data inputs to calculate this indicator will vary by context, and may include: health information systems, 
population-based surveys, census projections for total country population, and primary health data from facility-
based medical records in written or electronic format. 

3.b. Data collection method
Data may be collected from public and private healthcare facilities providing surgery in written or electronic 
format under the direction of, or in partnership with, hospital administration and the Ministry of Health. As a 
measure of incidence, the unit in the denominator is ‘person years’, which can be calculated in absence of 12 
exact months of data collection; with a recommended minimum sampling window of 6 months.

3.c. Data collection calendar 
Source data are collected every 5-10 years with the objective of countries first collecting the basic dataset and 
then progressing to intermediate and full data sets within 5-10 years. Surgical procedure volume density is 
updated every two years. 

3.d. Data release calendar 
Data are released every two years in the calendar year of their calculation.

3.e. Data Providers
National-level data providers are typically statistical offices, specialized monitoring authorities, and/or Ministries 
of Health. 

3.f. Data compilers
Technical experts within the WHO in consultation with academic statistical modeling teams. 

3.g. Institutional mandate
The World Health Assembly has passed multiple resolutions, affirming the position of surgical procedure volume 
density among its portfolio of indicators, namely: WHA Resolution 68.15: (1.6): urging member states “to collect 
and compile data on number, type and indications of surgical procedures performed, referrals and perioperative 
mortality in their respective countries, and to share such data as appropriate”; and WHA Resolution 68.15: (1.2) 
urging member states “to integrate emergency and essential surgical care and anaesthesia in primary health 
care facilities and first-referral hospitals, and to promote emergency and essential surgery and anaesthesia 
capacity as components integral to achieving universal health coverage.”

4. Other methodological considerations

4.a. Rationale
Safe surgery volume is associated with improved life expectancy at the population level. Each year, roughly 
266 million surgical procedures are performed globally to treat a broad spectrum of diseases. However, most of 
these operations are concentrated in high-income countries and an additional 143 million surgical procedures 
are required to treat the global burden of disease. National data regarding surgical procedure volume are 
available in less than half of UN member states and 90 countries fall below the target of 5000 procedures per 
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100,000 recommended by the Lancet Commission on Global Surgery. Surgical volume data that are available 
and comparable will drive advocacy, inform planning, and ultimately strengthen surgical delivery systems as a 
critical component of universal health care.

4.b. Comment & limitations
There are multiple limitations to collecting and analyzing data for surgical procedure volume. First, there 
are inconsistent definitions of surgical procedure in the numerator. We define surgical procedure as any 
manipulation of tissue performed in an operating theatre and requiring general or regional anaesthesia. 
However, it is important to acknowledge that surgical procedures may take place in various settings throughout 
a health care system, including: emergency departments, specialty units within a hospital, and outpatient 
settings. Operations may also be diagnostic or therapeutic in nature. Second, there are inconsistent definitions 
of a hospital’s catchment area, which biases the denominator. For example, it is known that patients in rural 
settings travel large distances to reach surgical care, oftentimes outside the sociopolitical confines of a district 
or province. For this reason, caution must be exercised when matching surgical volume, which takes place in 
a facility, to a catchment area population. Lastly, a common source of confusion is the sampling frame. We 
recommend reporting the volume of surgical procedures per 100,000 population per year. In circumstances 
where an entire year of data is not captured, weights should be used to standardize volume density to the unit 
of person-year. 

4.c. Method of computation
The volume of surgical procedure density is calculated as follows: 

Where the volume of surgical procedures is performed in a facility (or facilities) that correspond to the 
catchment area population. Correctly matching the facilities with their corresponding catchment area is 
crucial to avoid ecological fallacy that will bias the results. The best way of coupling the numerator with the 
denominator is to capture nationwide data, but this is not always possible. For this reason, estimates of surgical 
procedure volume density are calculated through a consultative and analytical process led by country experts, 
Ministries of Health, and academic centers of excellence. This includes reviews of individual Ministry reports, 
multilateral institutions (e.g. OECD), academic literature, and gray literature. The ideal sampling time frame is 
one year. While there is no sampling time frame minimum, any sampling window less than one year should be 
weighted and reported transparently.

4.d. Validation
National statistical offices and Ministries of Health should gather empirical data by directly consulting with 
healthcare facilities providing surgery. In a systematic fashion, site visits can confirm accuracy with medical 
records, either in the form of reviewing logs books on the wards and in the operating theatre or by reviewing 
electronic records, including billing records. Oftentimes, retrospective reviews can corroborate prospective 
data collection. At every possible opportunity, data inputs (i.e. volume and population census) should be open 
sourced and transparently referenced. 

4.e. Adjustments
The volume of surgical procedure density indicator is not meant to be adjusted at the population level. However, 
various population-level statistics correlate with surgical procedure volume density and are frequently used in 
modeling exercises. These include: life expectancy, urbanization, GDP per capita, and total health expenditure 
per capita. Additionally, sub-national data from numerous countries demonstrate that various factors may 
influence surgical procedure volume within a given country, such as: urban vs rural setting, private vs public 
institution, and the availability of auxiliary resources such as blood banks, pre-hospital care, and intensive care 
capacity.

4.f. Treatment of missing values (i) at country level and (ii) at regional level
Missing data at the national or regional level are also commonplace. Historically, these data are modeled 
using multiple imputation. As a first step, bivariate Spearman correlations are assessed between country-level 
variables and surgical volume. Total health expenditure per capita has been shown to predict surgical volume. 
The data are then log-transformed to account for right-skewed distribution, and spline models are built. The 
best-fitting spline model is then chosen and total health expenditure is used to impute values of national 
surgical volume. These methods are described extensively in the primary literature.(Weiser) 
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For regional and global average densities, if annual data points are missing for many countries, range 
aggregation technique can be used by gathering data points within several years closest to the year of interest. 
For example, if aggregation is needed for 2010, one data point per country within 2008-2012 that is closest to 
2010 can be put together and used for range aggregation for 2008-2012 or for approximate 2010 aggregation. 
If aggregation for the most recent time is needed, most recent data point per country within the last few 
years (e.g. last 7 years as 2015-2021) can be put together and used for range aggregation for 2015-2021 or 
approximate aggregation for 2018 as mid-time. No aggregate should be calculated if missing data account 
for more than a third of the value of weights in the year of interest. However, the range aggregation technique 
increases the chance of having data for more than a third of the value of weights.

Missing data at the sub-national level are common in population-level sampling strategies for procedure volume 
density and care must be taken to minimize their effects. In order to characterize missingness, it is critical to 
ascertain whether data is missing at random or in a systematic fashion and what effect the missingness may 
have on interpretation of results. For example, if a convenience sample of large urban hospitals is sampled, the 
exclusion of procedures and the denominator of rural population will significantly bias results because there are 
known disparities in the availability of surgical procedures between urban and rural facilities. In situations where 
complete capture of national data is not possible, a randomized sampling strategy with weighted representation 
from all sectors of the population is necessary and should be transparently reported. 

4.g. Regional aggregations
Country estimates of surgical procedure volume density are aggregated for regional and global average 
densities, as the population weighted average of country densities. The country populations for regions and the 
world are extracted from international organizations’ databases, such as the UN Population Division’s World 
Population Prospects database and World Bank’s World Development Indicators database. Any uncertainty is 
propagated with the assumption that country estimates are independent. 

4.h. Methods and guidance available to countries for the compilation of the data at national level
Data for surgical procedure volume density from over 100 countries are available via the World Bank’s World 
Development Indicators database and method of imputation are published in multiple iterations since the Safe 
Surgery Saves Lives Campaign.

5. Data availability & disaggregation 

Data for surgical procedure volume are available at the national level from 102 countries. 

6. Comparability/ deviation from international standards

In 2008, the WHO Safe Surgery Save Lives Campaign introduced the indicator ‘number of surgical procedures 
done in an operating room per year’ with the goal of capturing any excision, incision, or manipulation of tissue in 
an operating room requiring regional or general anaesthesia. In 2015, the Lancet Commission on Global Surgery 
reaffirmed this metric and recommended a target of 5,000 procedures per 100,000 per year for all countries by 
2030.
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INDICATOR 4:  
PERIOPERATIVE MORTALITY RATE

0. Indicator information 

O.a. Indicator
Perioperative Mortality Rate (POMR)

0.b. Series
This Indicator is one of the 5 Global Surgical Indicators. The other 4 Indicators are: Geospatial Access, 
Workforce, Volume, Catastrophic Expenditure

0.c. Metadata Update
June 20, 2022

0.d. Related indicators
Related to Indicator 3.1.1 ‘Maternal mortality ratio’, Indicator 3.2.1 ‘Under-5 mortality rate’, Indicator 3.2.2 
‘Neonatal mortality rate’, Indicator 3.4.1 ‘Mortality rate attributed to cardiovascular disease, cancer, diabetes, or 
chronic respiratory disease’, and Indicator 4.6.1 ‘Death rate due to road traffic injuries’, and WHO Core Health 
Indicators for Health Systems, ‘perioperative mortality rate’, and OECD Indicators of Quality of Care: Surgical 
Complications. 

0.e. Suggested International organisations(s) responsible for global monitoring
World Health Organization, United Nations Statistics Division

1. Data Reporter

1.a. Suggested Organisation
World Health Organization, United Nations Statistics Division

2. Definitions, Concepts & Classifications

2.a. Definitions

Definition:
The perioperative mortality indicator is defined as the number of deaths from all-causes, before discharge (up 
to 30 days), in all patients who received any anaesthesia for a surgical procedure performed in an operating 
theatre, divided by the total number of procedures, per year, expressed as a percentage.

2.b. Unit of measure
This indicator is reported as a proportion of deaths among patients undergoing a surgical procedure using any 
form of anaesthesia, calculated as a percentage.
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2.c. Classifications

Basic, Intermediate, and Full Data Sets:
•	 Basic Data Set includes the perioperative mortality for all patients undergoing a surgical procedure using 

any form of anaesthesia who died before hospital discharge, per year. 
•	 Intermediate Data Set expands this dataset by including patient- and facility-level variables, namely: age, 

sex of patient, ASA class, emergency or elective procedure, type of surgical procedure according to Utstein 
procedure list, facility location (urban vs rural), and facility type (public vs private; primary vs secondary vs 
tertiary).

•	 Full Data Set further expands this dataset by including all deaths within 30 days of the procedure 
(regardless of discharge date) and disaggregation by number of reoperations and level of certification of 
providers (surgery, anaesthesia, and obstetric). 

3. Data Source type and data collection method

3.a. Data sources
The data for the perioperative mortality indicator can be obtained from multiple sources within healthcare 
facilities. These include but are not limited to: operative log books, ward registries, individual medical records, 
and death registries. Depending on the setting, this may include thorough review of manually-transcribed 
paper charts or digital queries of electronic medical records. In either scenario, consistent patient identifiers 
(i.e. medical record numbers) are key to integrating information at the patient level. Likewise, a standardized 
nomenclature for categorizing diagnosis and procedure is key for success (i.e. international classification of 
disease ‘ICD’). 

3.b. Data collection method
Various complimentary strategies are recommended for data collection of clinical information relevant to the 
calculation of perioperative mortality. Strategy 1 consists of reconciling available information from healthcare 
sites performing surgery. This includes reconciling recorded operations from operative log books with data 
from inpatient ward census for the outcome of inpatient death. This information can be readily transcribed 
into centralized electronic repositories with basic computer software (i.e. Excel) and/or compiled into web-
based platforms (i.e. RedCAP). Advantages include the usage of representative data that is already present 
on site with data entry at the time of service. Disadvantages include inconsistent definitions across sites, 
missing information, and the need to validate retrospective data with prospective data collection. In absence 
of reliable clinical data, Strategy 2 consists of a short-term data sprint. The goal is to coordinate high-density 
data collection from sentinel clinical sites related to hospital admissions and outcomes. Healthcare sites can be 
assigned or self-selected. Advantages include standardized data collection with a limited time commitment to 
encourage feasibility. Disadvantages include lack of representativeness from excluded data (such as seasonal 
variation and changes over time) and the inability to identify performance outliers. Strategy 3 uses electronic 
data collection platforms for continuous, scalable data collection. Digital platforms use electronic techniques 
(i.e. built-in validation, drop down menus, and links to coded data definitions) to enhance reliability, accuracy, 
completeness, and consistency. They can also support time series and interrupted time series data for quality 
evaluation and process improvement. Advantages include sustainability, scalability, adaptability, and data 
quality. The principle disadvantage is the resource investment of digital infrastructure (including hardware and 
internet) and human resources where expertise in data management and curation are key.

3.c. Data collection calendar 
Source data are collected every 5-10 years with the objective of countries first collecting the basic dataset and 
then progressing to intermediate and full data sets within 5-10 years. Perioperative mortality rates are updated 
every two years. 

3.d. Data release calendar 
Data are released every two years in the calendar year of their calculation.

3.e. Data Providers
Ministries of Health, healthcare facilities performing surgery.

3.f. Data compilers
Technical experts within the WHO.
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3.g. Institutional mandate
The World Health Assembly passed Resolution 68.15: (1.6) urging Member States “to collect and compile data 
on number, type and indications of surgical procedures performed, referrals and perioperative mortality in their 
respective countries, and to share such data as appropriate.”

4. Other methodological considerations

4.a. Rationale
Perioperative mortality is a fundamental indicator of safety and quality in healthcare with significant 
repercussions for social and economic development. As an outcomes measure, perioperative mortality goes 
beyond access and directly measures the result of surgical and anaesthesia care. Gross disparities in death after 
surgery are known to exist between and within countries and these may instigate programs targeting quality 
improvement, prompt reforms in healthcare policy, and constitute time-bound targets to guide implementation.

4.b. Comment & limitations
There are multiple limitations to collecting and analyzing data for perioperative mortality. First, various 
definitions of perioperative mortality exist that are not amenable to aggregation nor are they reconcilable in 
post-hoc meta-analysis. For example, perioperative mortality may refer to deaths occurring the day that surgery 
is performed (day of surgery), deaths occurring at any time during a hospitalization where surgery is performed 
(‘inpatient mortality’), or death occurring at any time up to 30 days after surgery regardless of discharge 
timing (’30-day mortality’). Unfortunately, definitions which are not made consistent a priori will render 
comparisons thereafter of little value. Secondly, terminology and categorization of diagnosis is not standardized 
internationally. Standardization is necessary for any attempt to use the data for comparative benchmarking (i.e. 
risk adjustment) and identification of positive or negative deviations. Registries which use an Internationally 
Coded Diagnosis structure (eg ICD10, SNOMED CT,etc) can help overcome this problem but require meticulous 
prospective implementation.

4.c. Method of computation
The perioperative mortality rate is calculated as follows: 

where both the numerator and denominator correspond to the same population within one year of time. Ideally, 
this calculation will include data from all sites providing surgical care, but this is not always possible. For this 
reason, estimates of perioperative mortality are calculated through a consultative led by Ministries of Health 
with the aim of reviewing all data from all healthcare facilities providing surgical care. The ideal sampling time 
frame is one year and any sampling window less than one year should be weighted and reported transparently.

4.d. Validation
Data quality in observational research is typically evaluated across six domains, namely; completeness, 
uniqueness, timeliness, validity, accuracy, and consistency. Although validation will always be context-specific 
for each of these domains in direct consultation with stakeholders (including but not limited to the national 
Ministry of Health), various frameworks exist to guide researchers and implementers in the development of 
clinical data registries. First and foremost, any usage of retrospective data should be validated with prospective 
data at the same site. In the development of prospective data registries, the Strengthening the Reporting of 
Observational studies in Epidemiology (STROBE) guidelines improve transparency and reproducibility with 
specific attention to statistical rigor. The Reporting of studies Conducted using Observational Routinely-
collected Data (RECORD) checklist ensures data quality in collection of routine data. The Data Acquisition, 
Quality, and Curation for Observational Research Designs (DAQCORD) guidelines aid in the design and 
reporting practices with specific attention to appraisal of the data curation process. These frameworks have 
been validated in large datasets in diverse settings.
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4.e. Adjustments
Calculations of postoperative mortality are often adjusted for variables at the patient and facility level. The 
Intermediate Data Set includes multiple patient-level covariates (age, sex, ASA class, emergency or elective 
procedure, diagnosis, and type of surgical procedure) and also includes multiple facility-level covariates [location 
(urban vs rural), and facility type (public vs private), and facility level (primary vs secondary vs tertiary)]. These 
covariates allow for risk adjustment of surgical case mix and setting and serve as the foundation to quality 
improvement.

4.f. Treatment of missing values (i) at country level and (ii) at regional level
While multiple data management strategies exist to manage the issue of missing data (multiple imputation, 
regression, etc), none have been validated at the population level for the indicator of perioperative mortality. 

4.g. Regional aggregations
Country estimates of perioperative mortality may be aggregated with proper population weighting and any 
uncertainty is propagated with the assumption that country estimates are independent. 

4.h. Methods and guidance available to countries for the compilation of the data at national level
Various examples exist in the published literature to guide implementation of clinical registries to capture 
perioperative mortality. Multiple countries have undertaken extensive nationwide data collection including 
recent examples of Madagascar, Mozambique, and the Pacific Region. To evaluate the quality of registries 
already in existence, the Collaboration for Research, Implementation, and Training in Critical Care recently 
validated a large dataset of over 20,000 consecutive patient episodes from 97 intensive care units in seven 
countries using the systematic DoCDat framework. Where data do not exist, the African Surgical Outcomes 
Study demonstrates the utility of a time-limited data sprint with recruitment of over 11,000 patients from 
247 hospitals in 25 countries in one study week. For the construction of new registries, the Network for 
Perioperative Critical care recently confirmed feasibility of a prospective multicenter cloud-based perioperative 
registry in four hospitals in Ethiopia. 

5. Data availability & disaggregation 

Currently, eleven countries have reported nationally representative inpatient mortality. Disaggregation into 
data subsets may occur along any covariates, namely: age, sex of patient, ASA class, emergency or elective 
procedure, diagnosis, type of surgical procedure, facility location (urban vs rural), facility type (public vs private), 
and facility level (primary vs secondary vs tertiary).

6. Comparability/ deviation from international standards

In 2018, the WHO Global Reference List of 100 Core Health Indicators included ‘perioperative mortality rate’ 
within the domain of ‘health systems: quality of care-safety’. The WHO defined this as the ‘number of deaths 
among patients having one of more procedures in an operating theater during the relevant admission.’ This 
inpatient perioperative mortality definitions was also used in landmark studies such as the African Surgical 
Outcomes Study and the Network for Perioperative Critical care. As of 2019, 19 countries reported nationally 
representative 30-day perioperative mortality (whereas only 9 reported inpatient perioperative mortality). 
Increasingly, there is interest in constructing global web-based platforms to benchmark perioperative surgical 
mortality, mimicking what has been done in the intensive care community as exemplified by the Linking 
of Global Intensive Care (LOGIC) and EpiMed initiatives. Of note, careful consideration should be given in 
interpreting death in diverse contexts. Internationally, there is wide variation in patterns of death and discharge 
which are interrelated with access to care, cost of care, transfer capabilities between hospitals, religious beliefs, 
and cultural norms which may influence social preferences of dying at home versus dying in a hospital and 
decision-making regarding withdrawal of care. 
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INDICATOR 5:  
CATASTROPHIC EXPENDITURE

0. Indicator information 

O.a. Indicator
Percentage of the population at risk of catastrophic expenditure if they were to require a surgical procedure

O.b. Series
This Indicator is one of the 5 Global Surgical Indicators. The other 4 Indicators are: Geospatial Access, 
Workforce, Volume, Perioperative Mortality Rate

O.c. Metadata update
June 20, 2022

O.d. Related indicators
Related to Indicator 3.8.1 ‘Coverage of essential health services’ and Indicator 3.8.2: ‘Proportion of population 
with large household expenditures on health as a share of total household expenditure or income’ and the WHO 
Core Health Indicators for Health Financing, specifically: ‘Proportion of the population with large household 
expenditure on health as a share of total household consumption or income’, and ‘Proportion of the population 
with impoverishing health expenditure’.(REF)

O.e. Suggested International Organization(s) responsible for global monitoring
United Nations Statistics Division, World Health Organization (WHO), World Bank (REF)

1. Data Reporter
 
1.a. Suggested Organization
United Nations Statistics Division, World Health Organization (WHO), World Bank (REF)

2. Definitions, Concepts & Classifications

2.a. Definitions & Concepts

Definition:
The catastrophic expenditure indicator is defined as the proportion of the population of a country at risk of 
catastrophic expenditure if they were to require surgical care. The three main data points necessary for this 
indicator are: (i) the total, direct out-of-pocket (OOP) medical and non-medical costs households face when 
patients access surgery (the numerator), (ii) total annual household expenditure or income (the denominator), 
(iii) a threshold at which an expenditure is considered catastrophic (the threshold).

Concepts: 
Importantly, this indicator is not a measure of the actual incidence of catastrophic expenditure, because 
incidence is conditional on presentation for surgery. The high cost of surgery is a barrier to access for many 
people, thereby an indicator that only measures the incidence of catastrophic expenditure for patients who 
receive surgery would artificially underestimate the impact of financial risk.
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Direct costs are defined as any expenditure that are paid directly by the household through their own income, 
savings, remittances, or measures of hardship financing (eg, borrowing and selling to pay for care). These direct 
costs are further divided into direct medical costs and direct non-medical costs.

Direct Medical Costs include (but are not necessarily limited to) costs for admission; the operation itself; any 
supplies not already included by the hospital in the cost of the operation; diagnostic and therapeutic procedures; 
related outpatient visits pre- and post-operatively; and informal payments incurred while in hospital. The costs 
may come from any provider, at any time during the surgical event, and may be borne by any member of the 
family. Direct Non-medical Costs are OOP costs incurred by the household for the surgical event that are not 
directly paid to medical providers. These can include (but are not necessarily limited to) housing, food, and 
transportation, for the patient outside of hospital care, and for any caretakers.

In contrast to direct costs, Indirect costs include the opportunity costs necessitated by surgical care (for 
example, lost wages due to the hospital admission or outpatient visits) as well as friction costs (for example, 
costs to complete a transaction, to replace a worker). While indirect costs are important, they are not out-of-
pocket costs, and thus not incorporated.

2.b. Units of measure 
This indicator is reported as a proportion of a population, calculated as a percentage.

2.c. Classifications

Basic, Intermediate, and Full Data Sets:
•	 Basic Data Set includes direct medical OOP expenditures and household expenditure from a nationally-

representative surveys related to Caesarean section procedures.
•	 Intermediate Data Set expands the surgical cohort by adding information for long-bone fracture repair, 

exploratory laparotomy, and paediatric surgeries. 
•	 Full Data Set further expands the surgical cohort by including all interventions of the Utstein procedure 

list. Additionally, the full data set includes direct non-medical costs, health insurance contributions, and 
geographic disaggregation. 

3. Data Source type and data collection method 

3.a. Data sources
For Basic, Intermediate, and Full datasets, the numerator (direct medical and non-medical costs) can be obtained 
from exit surveys of surgical patients because patients accessing surgery are likely to have the best recall for 
surgical costs. However, relying on these patients alone for a community-level measure of the denominator 
risks biases that denominator upward and therefore underestimates the risk of catastrophic expenditure due 
to a known correlation between wealth and ability to access high-cost care. As a result, for the denominator, 
we recommend community-based surveys, as they are more inclusive by design. Inclusive surveys will allow 
the collected data to inform local and national level decision making pertaining to financial risk protection. 
Standardized data collection techniques will allow intra-country and international comparability of findings. 

3.b. Data collection method
Hospital-based cross-sectional patient surveys are the preferred method of data collection (for the numerators) 
to calculate surgery-specific direct medical and direct non-medical costs associated with surgical care (3,4,5,6).  
Consideration can be given to conduct such surveys systematically at different levels of the health care system 
from district hospital to regional hospital setups to allow in-country comparisons. At the time of writing, the best 
country-level estimates of the cost of surgical care from the WHO-CHOICE collaborative, which published 2007 
estimates of the health system costs of a C-section.

Nationally-representative community-based surveys are the preferred method of data collection (for the 
denominators) to calculate annual household expenditures. These may include household budget surveys, 
household income and expenditure surveys, and household living standard surveys.
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3.c. Data collection calendar  
Source data are collected every 5-10 years with the objective of countries first collecting the basic dataset and 
then progressing to intermediate and full data sets within 5-10 years. Catastrophic expenditure risk is updated 
every two years. 

3.d. Data release calendar
Data are released every two years in the calendar year of their calculation.

3.e. Data providers  
National-level data providers are typically statistical offices, specialized epidemiology monitoring authorities, 
specialized research organizations, academic institutions, and/or Ministries of Health. 

3.f. Data compilers
Technical experts within the WHO, World Bank in consultation with academic statistical modeling teams. 

3.g. Institutional mandate
The World Health Assembly has passed multiple resolutions, affirming the position of catastrophic expenditure 
among its portfolio of indicators, namely: in 2015 WHA Resolution 68.15: (1.4) urges Member States “to 
promote access to essential medicines, including controlled medicines, antibiotics, medical devices and 
diagnostics used in anaesthesiology and surgery that are of quality, safe, efficacious and affordable, and that are 
used responsibly and appropriately and that are in line with WHO guidelines”; and WHA Resolution 68:15: (2.6) 
requesting thee Director-General “to collect, assess and report related cost data on the delivery of emergency 
and essential surgical care and anaesthesia, as well as the economic impact of their availability.”

4. Other methodological considerations

4.a. Rationale
Inadequate financial risk protection makes surgical care inaccessible and unaffordable for billions. There is a 
critical need for more data to improve our understanding of catastrophic spending on surgical care as well as 
the adequacy of financial risk protection around the world. Regional, national, and local surgical data can drive 
advocacy, inform planning, and ultimately contribute to an understanding of the risk of catastrophic expenditure 
from surgical care at local, national, and international levels.

4.b. Comment and limitations
There are multiple limitations and considerations when collecting and analyzing data for catastrophic 
expenditure related to surgical care. Widespread challenges include: lack of consensus on standard calculations 
and thresholds to calculate catastrophic expenditure8,  lack of standardized data collection tools (e.g. surveys)9, 
lack of accurate medical records and patient fee data10, difficulty controlling for confounding factors (such as 
household size)9, lack of consensus on the relative merits of financial risk protection strategies (e.g. user fees 
and national health insurance plans)11, and lack of granular data at the district or individual level necessary 
to validate percentage estimates at the population level. These limitations are pervasive and should be 
transparently reported. 

There are also potential pitfalls in survey methodology that can introduce recall bias and sampling bias, of which 
the latter likely plays a larger role in underestimating catastrophic expenditures. Recall bias refers to a patient’s 
ability to accurately represent the events (i.e. costs) relevant to care in survey format. To overcome recall bias, 
questions should be asked with a short recall period (i.e. day of discharge), validate responses if possible 
(from, for example, receipts provided by the hospital cashier or data from the finance office), and strive to keep 
survey length short15. In order to avoid sampling bias, the gold standard for generalizability at the household/
community level is a proportional-to-size methodology conducted in the community of interest12. If the study 
sample is made up of a hospital-based cohort, a non-proportional-to-size community cohort (i.e., convenience 
sample), or other samples not representative of the surrounding community/country, generalizability to the 
surrounding community will be compromised13. Strategies to overcome this limitation include sampling 
individuals at the community/household level through a proportional-to-size methodology or include hospital-
based cohorts from both secondary and tertiary level facilities, avoid sampling from hospitals that might 
subsidize aspects of care only for unique patients14, and standardize the head of household as the preferred 
interviewee. Another solution is to compare those within the study sample to the surrounding community/
country using key demographic factors (e.g. age, income levels, rurality, health status) collected through the 
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Global Burden of Disease Project, the World Bank, or other country-level datasets as a comparator dataset. 
When population-representative sampling is not possible, researchers may use weights to generate more 
representative estimates of financial risk protection. 

4.c. Method of computation
The proportion of people at risk of catastrophic surgical expenditure is calculated as follows:

where      is the number of people in household j, t represents the threshold (>10%), and 1(.) represents 
an indicator function which takes the value 1 if true and 0 if false. Because this is a population-level risk 
assessment, rather than an incidence metric,              should equal the total population of the country. When 
available, the weighting for the individual household,      can be incorporated.(Wagstaff) In the case where the 
full dataset is available, it is recommended that the risk of catastrophic expenditure be reported in two ways: (a) 
with only the direct medical costs in the numerator, and (b) with the direct medical and direct non-medical costs 
in the numerator.

Estimating the proportion of the population at risk of catastrophic expenditure requires an estimation of that 
population’s expenditure distribution. This is akin to a population-level income distribution, but evaluates annual 
spending instead of annual income. However, in the basic and intermediate datasets, only a national estimate of 
household expenditure is collected. Like income, expenditures are not normally distributed across a population 
and thus the distribution of expenditures across the population should be modeled.(Shrime). A country’s 
expenditure distribution can be parametrized using a gamma distribution, with the shape parameter,   , set as 
a number proportional to the country’s Gini index (the crosswalk between Gini index and    is given in Table 1). 
The scale parameter,   , is the mean household expenditure divided by   . With these parameters, the proportion 
of the population at risk of catastrophic expenditure can be calculated by solving the following integral:

where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense occurs  
(ie, 0.10), and         represents the Gamma function. The solution to this integral returns the proportion of the 
population whose expenditure is less than c/t.

4.d. Validation
Data validation is crucial but no studies have explored methods of how to collect valid, reliable, and comparable 
data on health expenditures.(Lu16) Various strategies exist to limit the effect of sampling bias. For example, 
comparability of hospital-based surveys can be maximized by standardizing the data collection time point to the 
day of discharge to ensure patient provides expenditure at their most healthy state and the greatest potential 
for accurate recall during hospital stay and that the head of household be the preferred interviewee. Recall bias 
can be minimized further by validating information with a second household member or by using expenditure 
receipts to confirm reported expenditures where available. Direct medical costs can be validated against or 
retrieved through hospital billing records and policies. Internal validity can be assessed by comparing household 
costs to indicators of asset wealth, if available.

4.e. Adjustments 
The catastrophic expenditure indicator is not meant to be risk-adjusted in the way that clinical outcomes are 
adjusted for potential confounders. However, demographic covariates such as age, race/ethnicity, geographic 
location, employment status, occupation, number of household members, marital status, and health insurance 
status may provide insight into which groups of patients in a given population are at higher risk for catastrophic 
spending if they were to need surgical care. Similarly, the procedure(s) of interest in the basic, intermediate, and 
advanced data sets may lead to different estimates of population-level risk. As such, the surgical cohort used for 
calculations should be reported alongside all population-level estimates.
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where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense 
occurs (ie, 0.10), and 𝛤𝛤(⋅) represents the Gamma function. The solution to this integral returns 
the proportion of the population whose expenditure is less than 𝑐𝑐/𝑡𝑡. 

4.d. Validation
Data validation is crucial but no studies have explored methods of how to collect valid, reliable,
and comparable data on health expenditures.(Lu16) Various strategies exist to limit the effect of
sampling bias. For example, comparability of hospital-based surveys can be maximized by
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where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense 
occurs (ie, 0.10), and 𝛤𝛤(⋅) represents the Gamma function. The solution to this integral returns 
the proportion of the population whose expenditure is less than 𝑐𝑐/𝑡𝑡. 

4.d. Validation
Data validation is crucial but no studies have explored methods of how to collect valid, reliable,
and comparable data on health expenditures.(Lu16) Various strategies exist to limit the effect of
sampling bias. For example, comparability of hospital-based surveys can be maximized by
standardizing the data collection time point to the day of discharge to ensure patient provides
expenditure at their most healthy state and the greatest potential for accurate recall during
hospital stay and that the head of household be the preferred interviewee. Recall bias can be
minimized further by validating information with a second household member or by using
expenditure receipts to confirm reported expenditures where available. Direct medical costs can
be validated against or retrieved through hospital billing records and policies. Internal validity
can be assessed by comparing household costs to indicators of asset wealth, if available.

4.e. Adjustments
The catastrophic expenditure indicator is not meant to be risk-adjusted in the way that clinical
outcomes are adjusted for potential confounders. However, demographic covariates such as
age, race/ethnicity, geographic location, employment status, occupation, number of household
members, marital status, and health insurance status may provide insight into which groups of
patients in a given population are at higher risk for catastrophic spending if they were to need
surgical care. Similarly, the procedure(s) of interest in the basic, intermediate, and advanced
data sets may lead to different estimates of population-level risk. As such, the surgical cohort
used for calculations should be reported alongside all population-level estimates.

4.f. Treatment of missing values (i) at country level and (ii) at regional level

population-level risk assessment, rather than an incidence metric, ∑𝑗𝑗 𝑛𝑛𝑗𝑗 should equal the
total population of the country. When available, the weighting for the individual household, 𝜔𝜔𝑗𝑗 
can be incorporated.(Wagstaff) In the case where the full dataset is available, it is 
recommended that the risk of catastrophic expenditure be reported in two ways: (a) with only 
the direct medical costs in the numerator, and (b) with the direct medical and direct non-medical 
costs in the numerator. 

Estimating the proportion of the population at risk of catastrophic expenditure requires an 
estimation of that population’s expenditure distribution. This is akin to a population-level income 
distribution, but evaluates annual spending instead of annual income. However, in the basic and 
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of expenditures across the population should be modeled.(Shrime). A country’s expenditure 
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data sets may lead to different estimates of population-level risk. As such, the surgical cohort
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where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense 
occurs (ie, 0.10), and 𝛤𝛤(⋅) represents the Gamma function. The solution to this integral returns 
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Data validation is crucial but no studies have explored methods of how to collect valid, reliable,
and comparable data on health expenditures.(Lu16) Various strategies exist to limit the effect of
sampling bias. For example, comparability of hospital-based surveys can be maximized by
standardizing the data collection time point to the day of discharge to ensure patient provides
expenditure at their most healthy state and the greatest potential for accurate recall during
hospital stay and that the head of household be the preferred interviewee. Recall bias can be
minimized further by validating information with a second household member or by using
expenditure receipts to confirm reported expenditures where available. Direct medical costs can
be validated against or retrieved through hospital billing records and policies. Internal validity
can be assessed by comparing household costs to indicators of asset wealth, if available.

4.e. Adjustments
The catastrophic expenditure indicator is not meant to be risk-adjusted in the way that clinical
outcomes are adjusted for potential confounders. However, demographic covariates such as
age, race/ethnicity, geographic location, employment status, occupation, number of household
members, marital status, and health insurance status may provide insight into which groups of
patients in a given population are at higher risk for catastrophic spending if they were to need
surgical care. Similarly, the procedure(s) of interest in the basic, intermediate, and advanced
data sets may lead to different estimates of population-level risk. As such, the surgical cohort
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4.f. Treatment of missing values (i) at country level and (ii) at regional level

4.a. Rationale 
Inadequate financial risk protection makes surgical care inaccessible and unaffordable for 
billions. There is a critical need for more data to improve our understanding of catastrophic 
spending on surgical care as well as the adequacy of financial risk protection around the world. 
Regional, national, and local surgical data can drive advocacy, inform planning, and ultimately 
contribute to an understanding of the risk of catastrophic expenditure from surgical care at local, 
national, and international levels. 
 
4.b. Comment and limitations 
There are multiple limitations and considerations when collecting and analyzing data for 
catastrophic expenditure related to surgical care. Widespread challenges include: lack of 
consensus on standard calculations and thresholds to calculate catastrophic expenditure8,  lack 
of standardized data collection tools (e.g. surveys)9, lack of accurate medical records and 
patient fee data10, difficulty controlling for confounding factors (such as household size)9, lack of 
consensus on the relative merits of financial risk protection strategies (e.g. user fees and 
national health insurance plans)11, and lack of granular data at the district or individual level 
necessary to validate percentage estimates at the population level. These limitations are 
pervasive and should be transparently reported.  
 
There are also potential pitfalls in survey methodology that can introduce recall bias and 
sampling bias, of which the latter likely plays a larger role in underestimating catastrophic 
expenditures. Recall bias refers to a patient’s ability to accurately represent the events (i.e. 
costs) relevant to care in survey format. To overcome recall bias, questions should be asked 
with a short recall period (i.e. day of discharge), validate responses if possible (from, for 
example, receipts provided by the hospital cashier or data from the finance office), and strive to 
keep survey length short15. In order to avoid sampling bias, the gold standard for generalizability 
at the household/community level is a proportional-to-size methodology conducted in the 
community of interest12. If the study sample is made up of a hospital-based cohort, a non-
proportional-to-size community cohort (i.e., convenience sample), or other samples not 
representative of the surrounding community/country, generalizability to the surrounding 
community will be compromised13. Strategies to overcome this limitation include sampling 
individuals at the community/household level through a proportional-to-size methodology or 
include hospital-based cohorts from both secondary and tertiary level facilities, avoid sampling 
from hospitals that might subsidize aspects of care only for unique patients14, and standardize 
the head of household as the preferred interviewee. Another solution is to compare those within 
the study sample to the surrounding community/country using key demographic factors (e.g. 
age, income levels, rurality, health status) collected through the Global Burden of Disease 
Project, the World Bank, or other country-level datasets as a comparator dataset. When 
population-representative sampling is not possible, researchers may use weights to generate 
more representative estimates of financial risk protection.  
 
4.c. Method of computation 
The proportion of people at risk of catastrophic surgical expenditure is calculated as follows: 
 

∑ 𝜔𝜔𝑗𝑗𝑛𝑛𝑗𝑗1 ( 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  ≥  𝑡𝑡)𝑗𝑗

∑ 𝜔𝜔𝑗𝑗𝑛𝑛𝑗𝑗𝑗𝑗
 

 
where 𝑛𝑛𝑗𝑗 is the number of people in household j, t represents the threshold (>10%), and 1(⋅) 
represents an indicator function which takes the value 1 if true and 0 if false. Because this is a 
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4.f. Treatment of missing values (i) at country level and (ii) at regional level 
Missing data are inherent in the epidemiologic sampling strategies for catastrophic expenditure and care must 
be taken to minimize their effects. In order to characterize missingness, it is critical to ascertain whether data 
is missing at random or in a systematic fashion and what effect the missingness may have on interpretation 
of results. For example, if hospital cohorts alone are surveyed regarding healthcare costs and household 
expenditures, the subsequent analysis will omit households who may have been too poor to overcome the 
barriers of arriving to a hospital, and this will bias the study’s results by underestimating the true proportion of 
the population at risk of catastrophic expenditure.

There are several strategies to overcome missing data in study samples. First, we recommend that researchers 
avoid complete-case analysis since this is a known factor to introduce bias into the sample. Second, we 
recommend comparing groups with observed data and missing data to evaluate if the groups differ, at both 
regional and country levels, in regard to key demographic characteristics, such as: age distribution, income 
levels, and other health indicators available through the Global Burden of Disease or World Bank datasets. 
Lastly, we recommend using imputation methods to account for missing data17. The first step is to create 
multiple copies of the original dataset with the missing values replaced by imputed values sampled from their 
predictive distribution of the observed data. Standard errors are calculated using Rubin’s rules through a 
Bayesian approach, which take into account the uncertainty and quantity of missing values and the variability of 
the observed values18. Inferences are then averaged over the distribution of the missing data using the observed 
data. 
 
4.g. Regional aggregations
Aggregates of catastrophic expenditure should be calculated as weighted averages. In other words, the 
percentages are the ratios of total population in an area (e.g. country) to the population who are at risk in 
the same area. Aggregates of the ratios should be calculated as weighted averages using the value of the 
denominator. For example, when data are available for a total population of a country, the weights should be 
the total population of each country for the same year as the FRP data. Missing national level data are assumed 
to have the same average value as the available estimates. No aggregate should be calculated if missing data 
account for more than a third of the value of weights in the year of interest. Total population and disaggregated 
population (e.g. by sex, by urban/rural) for countries/economies in the world are available at various international 
organizations’ databases, including World Bank’s World Development Indicators database and United Nations 
Population Division’s World Population Prospects database.

4.h. Methods and guidance available to countries for the compilation of the data at the national level
As an example, assume the out-of-pocket total direct costs for a selected surgery amount to $66. The task of 
the analyst is, therefore, to find what proportion of the country’s population would have annual expenditure 
of less than $660 (because for these people, a $66 surgical cost is catastrophic). The country’s Gini index is 
0.304 (sometimes expressed as 30.4). From Table 1 in our Appendix, this makes the shape parameter,   , 3.193. 
Finally, average annual expenditure is $1500, making the scale parameter,   :

The integral to be solved, then, is:

An online calculator has been developed to perform this calculation. It can be found at:  
https://shrime.shinyapps.io/catexp_shiny 
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can be incorporated.(Wagstaff) In the case where the full dataset is available, it is 
recommended that the risk of catastrophic expenditure be reported in two ways: (a) with only 
the direct medical costs in the numerator, and (b) with the direct medical and direct non-medical 
costs in the numerator. 

Estimating the proportion of the population at risk of catastrophic expenditure requires an 
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distribution, but evaluates annual spending instead of annual income. However, in the basic and 
intermediate datasets, only a national estimate of household expenditure is collected. Like 
income, expenditures are not normally distributed across a population and thus the distribution 
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where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense 
occurs (ie, 0.10), and 𝛤𝛤(⋅) represents the Gamma function. The solution to this integral returns 
the proportion of the population whose expenditure is less than 𝑐𝑐/𝑡𝑡. 

4.d. Validation
Data validation is crucial but no studies have explored methods of how to collect valid, reliable,
and comparable data on health expenditures.(Lu16) Various strategies exist to limit the effect of
sampling bias. For example, comparability of hospital-based surveys can be maximized by
standardizing the data collection time point to the day of discharge to ensure patient provides
expenditure at their most healthy state and the greatest potential for accurate recall during
hospital stay and that the head of household be the preferred interviewee. Recall bias can be
minimized further by validating information with a second household member or by using
expenditure receipts to confirm reported expenditures where available. Direct medical costs can
be validated against or retrieved through hospital billing records and policies. Internal validity
can be assessed by comparing household costs to indicators of asset wealth, if available.

4.e. Adjustments
The catastrophic expenditure indicator is not meant to be risk-adjusted in the way that clinical
outcomes are adjusted for potential confounders. However, demographic covariates such as
age, race/ethnicity, geographic location, employment status, occupation, number of household
members, marital status, and health insurance status may provide insight into which groups of
patients in a given population are at higher risk for catastrophic spending if they were to need
surgical care. Similarly, the procedure(s) of interest in the basic, intermediate, and advanced
data sets may lead to different estimates of population-level risk. As such, the surgical cohort
used for calculations should be reported alongside all population-level estimates.

4.f. Treatment of missing values (i) at country level and (ii) at regional level

population-level risk assessment, rather than an incidence metric, ∑𝑗𝑗 𝑛𝑛𝑗𝑗 should equal the
total population of the country. When available, the weighting for the individual household, 𝜔𝜔𝑗𝑗 
can be incorporated.(Wagstaff) In the case where the full dataset is available, it is 
recommended that the risk of catastrophic expenditure be reported in two ways: (a) with only 
the direct medical costs in the numerator, and (b) with the direct medical and direct non-medical 
costs in the numerator. 

Estimating the proportion of the population at risk of catastrophic expenditure requires an 
estimation of that population’s expenditure distribution. This is akin to a population-level income 
distribution, but evaluates annual spending instead of annual income. However, in the basic and 
intermediate datasets, only a national estimate of household expenditure is collected. Like 
income, expenditures are not normally distributed across a population and thus the distribution 
of expenditures across the population should be modeled.(Shrime). A country’s expenditure 
distribution can be parametrized using a gamma distribution, with the shape parameter, 𝛼𝛼, set 
as a number proportional to the country’s Gini index (the crosswalk between Gini index and 𝛼𝛼 is 
given in Table 1). The scale parameter, 𝛽𝛽, is the mean household expenditure divided by 𝛼𝛼. 
With these parameters, the proportion of the population at risk of catastrophic expenditure can 
be calculated by solving the following integral: 

𝑝𝑝(𝐶𝐶𝐶𝐶) = 1
𝛤𝛤(𝛼𝛼)𝛽𝛽𝛼𝛼 ∫ 𝑦𝑦𝛼𝛼−1𝑒𝑒−
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where c represents out-of-pocket cost, t represents the threshold at which catastrophic expense 
occurs (ie, 0.10), and 𝛤𝛤(⋅) represents the Gamma function. The solution to this integral returns 
the proportion of the population whose expenditure is less than 𝑐𝑐/𝑡𝑡. 

4.d. Validation
Data validation is crucial but no studies have explored methods of how to collect valid, reliable,
and comparable data on health expenditures.(Lu16) Various strategies exist to limit the effect of
sampling bias. For example, comparability of hospital-based surveys can be maximized by
standardizing the data collection time point to the day of discharge to ensure patient provides
expenditure at their most healthy state and the greatest potential for accurate recall during
hospital stay and that the head of household be the preferred interviewee. Recall bias can be
minimized further by validating information with a second household member or by using
expenditure receipts to confirm reported expenditures where available. Direct medical costs can
be validated against or retrieved through hospital billing records and policies. Internal validity
can be assessed by comparing household costs to indicators of asset wealth, if available.

4.e. Adjustments
The catastrophic expenditure indicator is not meant to be risk-adjusted in the way that clinical
outcomes are adjusted for potential confounders. However, demographic covariates such as
age, race/ethnicity, geographic location, employment status, occupation, number of household
members, marital status, and health insurance status may provide insight into which groups of
patients in a given population are at higher risk for catastrophic spending if they were to need
surgical care. Similarly, the procedure(s) of interest in the basic, intermediate, and advanced
data sets may lead to different estimates of population-level risk. As such, the surgical cohort
used for calculations should be reported alongside all population-level estimates.

4.f. Treatment of missing values (i) at country level and (ii) at regional level

Missing data are inherent in the epidemiologic sampling strategies for catastrophic expenditure 
and care must be taken to minimize their effects. In order to characterize missingness, it is 
critical to ascertain whether data is missing at random or in a systematic fashion and what effect 
the missingness may have on interpretation of results. For example, if hospital cohorts alone are 
surveyed regarding healthcare costs and household expenditures, the subsequent analysis will 
omit households who may have been too poor to overcome the barriers of arriving to a hospital, 
and this will bias the study’s results by underestimating the true proportion of the population at 
risk of catastrophic expenditure. 
 
There are several strategies to overcome missing data in study samples. First, we recommend 
that researchers avoid complete-case analysis since this is a known factor to introduce bias into 
the sample. Second, we recommend comparing groups with observed data and missing data to 
evaluate if the groups differ, at both regional and country levels, in regard to key demographic 
characteristics, such as: age distribution, income levels, and other health indicators available 
through the Global Burden of Disease or World Bank datasets. Lastly, we recommend using 
imputation methods to account for missing data17. The first step is to create multiple copies of 
the original dataset with the missing values replaced by imputed values sampled from their 
predictive distribution of the observed data. Standard errors are calculated using Rubin’s rules 
through a Bayesian approach, which take into account the uncertainty and quantity of missing 
values and the variability of the observed values18. Inferences are then averaged over the 
distribution of the missing data using the observed data.  
  
4.g. Regional aggregations 
Aggregates of catastrophic expenditure should be calculated as weighted averages. In other 
words, the percentages are the ratios of total population in an area (e.g. country) to the 
population who are at risk in the same area. Aggregates of the ratios should be calculated as 
weighted averages using the value of the denominator. For example, when data are available 
for a total population of a country, the weights should be the total population of each country for 
the same year as the FRP data. Missing national level data are assumed to have the same 
average value as the available estimates. No aggregate should be calculated if missing data 
account for more than a third of the value of weights in the year of interest. Total population and 
disaggregated population (e.g. by sex, by urban/rural) for countries/economies in the world are 
available at various international organizations’ databases, including World Bank’s World 
Development Indicators database and United Nations Population Division’s World Population 
Prospects database. 
 
4.h. Methods and guidance available to countries for the compilation of the data at the national 
level 
As an example, assume the out-of-pocket total direct costs for a selected surgery amount to 
$66. The task of the analyst is, therefore, to find what proportion of the country’s population 
would have annual expenditure of less than $660 (because for these people, a $66 surgical cost 
is catastrophic). The country’s Gini index is 0.304 (sometimes expressed as 30.4). From Table 1 
in our Appendix, this makes the shape parameter, 𝛼𝛼, 3.193. Finally, average annual expenditure 
is $1500, making the scale parameter, 𝛽𝛽: 
 

𝛽𝛽 = 𝐻𝐻𝐻𝐻𝐻𝐻
𝛼𝛼 = 1500

3.193 = 469.78 
 
The integral to be solved, then, is: 
 

𝑝𝑝(𝐶𝐶𝐶𝐶) = 1
𝛤𝛤(3.193)469.783.193 ∫ 𝑦𝑦3.193−1𝑒𝑒−

𝑦𝑦
469.78𝑑𝑑𝑑𝑑 = 0.144

660

0
 

 
An online calculator has been developed to perform this calculation. It can be found at: 
https://shrime.shinyapps.io/catexp_shiny  
 
 
 
5. Data availability & disaggregation 
Currently, only modeled data are available at national levels from the World Bank’s World 
Development Indicators. 
 
 
 
6. Comparability/deviation from international standards 
SDG Target 3.8 is to “Achieve universal health coverage, including financial risk protection, 
access to quality essential health-care services and access to safe, effective, quality and 
affordable essential medicines and vaccines for all”.  Indicator 3.8.1 relates to health service 
coverage, and Indicator 3.8.2 relates to household expenditure. Specifically, SDG 3.8.2 is 
defined as the proportion of the population with large household expenditure on health as a 
share of total household expenditure or income. Two thresholds are used to define “large 
household expenditure on health” - a greater than 10% threshold and a greater than 25% 
threshold. We recommend using the 10% threshold. 
 
Another commonly used indicator of financial risk protection is Impoverishing Healthcare 
Expenditure Risk, which is defined as the percentage of the population at risk of falling below 
their nation’s poverty threshold if they were to require surgical care. While this document 
focuses on catastrophic healthcare expenditures for the sake of simplicity, the original six 
indicators from the 2015 Lancet Commission on Global Surgery included both Catastrophic 
Healthcare Expenditure Risk and Impoverishing Healthcare Expenditure Risk and both have 
been tracked by the World Bank. 
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