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Summary

For universal surgical, obstetric, trauma, and anesthesia care by 2030, the Lancet Commission on Global Surgery
(LCoGS) suggested tracking six indicators. We reviewed academic and policy literature to investigate the current state
of LCoGS indicators in India. There was limited primary data for access to timely essential surgery, risk of impov-
erishing and catastrophic health expenditures due to surgery, though some modeled estimates are present. Surgical
specialist workforce estimates are heterogeneous across different levels of care, urban and rural areas, and diverse
health sectors. Surgical volumes differ widely across demographic, socio-economic, and geographic cohorts. Peri-
operative mortality rates vary across procedures, diagnoses, and follow-up time periods. Available data suggest India
falls short of achieving global targets. This review highlights the evidence gap for India’s surgical care planning. India
needs a systematic subnational mapping of indicators and adaptation of targets as per the country’s health needs for
equitable and sustainable planning.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Global surgery; Low- and middle-income country; India; Surgery; Obstetrics; Trauma; Anesthesia care;

Health system; Surgical indicators; Health policy

Introduction

In 2015, the Disease Control Priorities Network found
that lack of access to essential surgery results in 4.7
million avertable deaths occurring in low- and middle-
income countries (LMICs) every year.! In the same
year, the Lancet Commission on Global Surgery
(LCoGS) estimated that over 98% of people in South
Asia, the most densely populated region in the world,
lacked timely access to safe and affordable surgical care.?
To ensure attainment of universal surgical, obstetric,
and anesthesia care by 2030-as envisioned in the World
Health Assembly Resolution 68.15 on ‘Strengthening
emergency and essential surgical care and anesthesia as
a component of universal health coverage’,’ LCoGS
suggested the use of six global surgery indicators. These
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six indicators, situated in three larger domains are:
preparedness for surgical, anesthesia, and obstetric care
(timely access to care and SAO workforce availability),
delivery of surgical, anesthesia, and obstetric care (sur-
gical operative volumes and perioperative mortality
rates), and effect of surgical, anesthesia, and obstetric
care (financial risk protection or lack thereof against
catastrophic and impoverishing health expenditures
among surgery needing populations).

Subsequently, there has been increasing focus on
research and policy surrounding surgical care in-
dicators. These indicators have been incorporated in the
World Development Indicators dataset,” assessed for
their relevance and validity,” and updated for national-
level data through the Global Indicators Initiative.®”
More recently, the indicator definitions and reporting
processes have also been updated following an Utstein
process for building consensus among a panel of 40
global surgery stakeholders with 21% from LMICs.*
Table 1 documents the LCoGS indicator definitions
and targets, updates to definitions in the Utstein
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Indicator

LCoGS definition®

LCoGS target for 2030°

Modifications to indicator definition as
per the Utstein consensus report8

Value(s) for India
from LCoGS
related research

Global value
from LCoGS
related research

I. Access to timely
essential surgery

1. Specialist surgical
workforce density

Il Surgical volumes

IV. POMR (Perioperative
Mortality Rate)

V. Protection against
Impoverishing Health
Expenditure (IHE)

VI. Protection against
Catastrophic Health
Expenditure (CHE)

Percentage of people living in a 2-h
radius from a facility providing
Bellwether procedures

SAO (Surgeon, Anesthetist, and
Obstetrician) per 100,000 people

Number of operation theater
procedures done per 100,000
population

Annual proportion of all-cause in-
hospital mortality among those
who underwent an operation
theater procedure

Percentage of people safe from

impoverishment due to money

spent out of pocket to bear direct
costs of surgical and anesthesia care
Percentage of people safe from CHE
due to money spent out of pocket
to bear direct costs of surgical and

At least 80% people to
have timely access

100% countries to have
specialist SAO density of
20

100% countries to track
surgical volumes and
perform at least 5000
procedures per 100,000
100% countries to track
POMR and set country-
specific targets

0% people should face
IHE or everyone to be
protected against IHE

0% people should face
CHE or everyone to be
protected against CHE

Explicit mention of geographic access
within 2 h to a facility capable of surgical
and anesthesia care needed for Bellwether
procedures (cesarean section, laparotomy,
and surgical management of open long
bone fracture).

Focus on actively practicing SAO providers
including certified specialist SAO physicians,
non-specialist physicians involved in SAO
care, non-physician non-specialist
practitioners of SAO care and other SAO
relevant practitioners that do not fall under
these categories, excluding trainees of any
kind.

Added specification to include only those
procedures done under any form of
anesthesia including general and spinal
anesthesia.

Change in the time-point investigated for
calculating POMR to include the deaths
before the discharge up to 30 days post-
operation.

Not included in the Utstein indicators
report.

Recording the population at risk of CHE if
they require a surgical procedure. Hence, the
indicator definition was flipped.

645]0

904

63512

40.4"7

282"

4475

60.9"

683"

anesthesia care

Table 1: LCoGS indicator definitions, targets, and values for India and the world.

consensus report, and summary data for India and the
world.

While there has been concern for insufficient and
low-quality data along with challenges in data homoge-
nization for LMICs,"” many nations have mapped these
surgical care indicators subnationally such as Brazil,"
Colombia,”” Pakistan,’® Uganda,” Somaliland," and
several countries in the Pacific region.” Baseline
assessment and eventual routine monitoring of these
indicators is considered the first essential step toward
successful surgical, obstetric, and anesthesia care
planning.

With a population of 1.4 billion people, India is the
most populous LMIC whose residents bear 18.4% of the
global disease burden.” This burden is managed by a
large and complex health system involving multiple
players (see Panel 1). While a precise estimate remains
elusive, a large portion of India’s disease burden re-
quires surgical care. Despite the efforts from care pro-
viders, a major chunk of this burden goes unattended
given that the LCoGS report estimated that >95% of
people lack timely access to safe and affordable surgical
care in the South Asian region. There have been efforts
to form consensus over identifying needs and estab-
lishing centers of excellence for implementation of
surgical research and training.”” However, a compre-
hensive subnational assessment of indicators is missing

with limited focus on and use of routine data collection
for surgical care indicators.

In the absence of required primary data, a critical
assessment of available literature is a viable alternative
that has previously been used by other countries such as
South Africa*® and Kenya” facing similar data limita-
tions, and Pakistan® prior to its subnational mapping.
Our aim was to review existing literature to investigate
the state of LCoGS-proposed surgical care indicators in
India.

Indicator I: access to timely essential surgery

The indicator of timely access assesses the proportion
(%) of the population who are within 2 hours of a sur-
gical care facility that can provide basic Bellwether pro-
cedures (such as laparotomy, cesarean-section, and
treatment of open fractures). The current target is that
80% of a nation’s population should have timely access
to essential surgical and anesthesia care by the year
2030. Studies of timely access in India are scant, aside
from two abstracts.’’*? The first analysis included six
Indian states and several other countries and reported
the value for only one state of India. In the state of
Chhattisgarh which faces developmental challenges and
has a large tribal population, only 4.7% of the population
lived within 2-h of a surgical care facility.* While the
abstract mentions the data sources for provider
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Panel 1: Health system in India.

Health sectors: Healthcare in India is provided by the public (or government) and private (for- and non-profit) sectors. The public
sector has a well-defined referral hierarchy of care levels consisting of primary (in the form of Sub-Centers and Primary Health
Centers), secondary (Community Healthcare Centers and Sub-District Hospitals), and tertiary (District Hospitals, Medical College/
Teaching Hospitals). Specialist SOTA care is typically available at secondary and tertiary levels. The private sector consists of
nonprofit and for-profit clinics and hospitals. Several for-profit private multispecialty hospitals that are important for referral
surgical patients are located in metropolitan and other urban areas. Private hospitals account for 54.3% and 64.7% of inpatient
load in rural and urban areas, respectively.”

Health workforce: Health workforce includes several cadres with different roles and levels of training including doctors, dentists,
nurses, midwives, pharmacists, accredited social health activist (ASHA) workers, and other community health workers. Doctors
practice either allopathic or traditional/alternative medicine known as Ayurveda, Yoga, Unani, Siddha, and Homeopathy (AYUSH).
Allopathic doctors specialize further in medical or surgical specialties through postgraduate and super-specialization degree or
diploma programs. All health practitioners, particularly doctors, dentists, pharmacists, and nurses are accredited under respective
councils. India faces a chronic shortage of health workers that is only worsened in public health facilities in rural areas.””*
Health Financing: Health is financed through multiple channels in India. As per the estimates from the Institute for Health Metrics
and Evaluation (IHME), Indian health spending in 2018 was distributed as follows: out-of-pocket: US$62 billion, pre-paid private
spending: US$9.8 billion, development assistance for health: US$620 million, and government or public spending: US$27
billion.** Government-funded health insurance includes several national and state schemes. At the national level, workers
employed in the formal sectors and their dependents are covered under the Central Government Health Scheme (CGHS) and
Employees’ State Insurance Scheme (ESIS).”> While those in the informal sector are covered by the Rashtriya Swasthya Bima
Yojana (RSBY) and Pradhan Mantri Jan Arogya Yojana (PMJAY). RSBY was the national health insurance covering secondary and
tertiary level healthcare services for people living below the poverty line and was subsumed under PMJAY in 2018. PMJAY provides
up to Rs. 500,000 (or US$7000 at an exchange rate of 1 US$ = 71.4 Indian rupees) per household for secondary and tertiary-level
health services to the bottom 40 percent of the population. It is funded by central and state governments and implemented by
the National Health Authority with the help of State Health Authorities.

Health Governance: While public health is under state governance, other elements such as education and management of health
professionals belong under both central and state governments.?® At the national level, the Ministry of Health and Family Welfare
(MoHFW) is responsible for most of the health-related programs. It governs the Department of Health and Family Welfare and the
Department of Health Research. Additionally, the Directorate General of Health Services (DGHS) provides advice on matters of
medical and public health and helps in health services implementation. States have their health ministries and several supporting

authorities that may be similar to the national governance structure.

locations, details regarding study methods and limita-
tions are missing. The second study used geospatial
modeling to predict that 99.2% and 99.8% of the rural
and urban Indians live within a 2-h radius of a surgical
care facility, respectively.*” This study also found access
disparities for rural and remote regions in the northern
and northeastern parts of the country. It identified sur-
gical care facilities to include community healthcare
centers, subdistrict and district hospitals, civil hospitals,
public and private medical college teaching hospitals,
referral hospitals, maternity homes, post-partum units,
dispensaries, and public and private hospitals empan-
eled under the Central Government Health Scheme
(CGHS) and Pradhan Mantri Jan Arogya Yojana
(PMJAY) for providing surgical care packages. Surgical
care facilities were not restricted to facilities providing
Bellwether procedures. However, these estimates as-
sume the availability of motorized transport and optimal
travel speeds, which may not be realistic. Further, the
data source mentioned in the study — ‘IndoHealMap’
currently awaits validation. The study did not consider
the actual availability of infrastructure and quality of
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care as per globally set standards, unlike studies con-
ducted in other countries.”***

Though not directly related to timely surgical access,
previous Indian studies on healthcare access have relied
mostly on distance-based measures. For instance, a
national-level analysis triangulating data from mortality
and health facility surveys found that as of 2010, 43% of
the Indian population was estimated to be beyond
50 km of the nearest well-resourced district hospital or
first-level surgical care facility.*® Further, the odds of
being in a high-mortality cluster for acute abdominal
conditions were found to be over four times higher for
those living >50 km from well-resourced district hos-
pitals. Such a relationship between mortality and access
was not found for non-acute conditions. However, the
study did not comment on facilities actually providing
surgical care and did not investigate the differences in
times taken to travel the same distance for people
residing in different regions. Another study analyzed
data from the third round of the nationally representa-
tive District Household and Facility Survey (DLHS-3)
(2007-08).*” Regression analyses and policy simulations
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found that an increase of one kilometer from the nearest
health facility (including primary and community
healthcare centers, district hospitals, private clinics,
hospitals, and nursing homes, etc.) can cause a 4.4%
reduction in the probability of institutional delivery,
with access to roads and motorized vehicle ownership
influencing this relationship.*

A validated geodatabase of surgical facilities with
routine updates details on functionality, availability of
resources, and nature of care is urgently needed. Travel
times must account for the availability of motor vehicles,
access to ambulances and other modes of referral
transport. Timely access estimates must be separated by
public and private surgical facilities and those specific to
rural, urban, and tribal regions.

Indicator IlI: specialist surgical workforce density
The second surgical care indicator is the number of
surgeons, anesthetists, and obstetricians (SAO) available
per 100,000 people, also called SAO density. The LCoGS
suggests a target of 20 SAO density by 2030. The LCoGS
data regarding the workforce in India counted only
consulting physicians (excluding trainees) affiliated with
specialist societies with voluntary paid membership. In
2009, India had 31,560 surgeons, 20,280 anesthetists,
and 29,310 obstetricians resulting in a total SAO work-
force of 81,150 and a density of 6.5."” Using these data,
another study further calculated that India needs
291,824 more SAOs to meet the target density by 2030.
These modeled estimates were based on supply-demand
assumptions of a 30-year average SAO service time,
3.3% annual rate of retirement, and current population
growth rate.” The recent WHO, World Bank, and Global
Indicators Initiative reports have also used the LCoGS
estimate.**”*

A WHO-sponsored report estimated the annual SAO
production capacity of India, with a special mention of
the southern state of Kerala, which leads the country in
several areas of human resource development.*' Avail-
able SAO residency positions were estimated using the
number of surgical specialists registered with the
Medical Council of India (MCI) and the state councils.
SAO residencies included General Surgery, Orthope-
dics, Otorhinolaryngology, Ophthalmology, Anesthesia,
Obstetrics & Gynecology. In 2015, India had 9037 SAO
residency positions corresponding to 0.75 surgical
trainees per 100,000 people. In Kerala, 411 surgical
residency positions (excluding transfusion medicine)
with a density of 1.23 were present with a 2:1 distribu-
tion across public and private medical college hospitals.
The report used the Association of Surgeons of India
(ASI) membership data from 2010 and LCoGS data to
estimate that ranges (minimum and maximum) of SAO
density for India and Kerala to be 1.5-6.8 and 2.3-10.2
per 100,000 people, respectively.*!

A recent and rich source of SAO data has been the
statistical and analytical reports led by government

ministries, think tanks, and academic institutions. The
Rural Health Statistics (RHS) reports published by the
Ministry of Health and Family Welfare include data on
the SAO workforce in community health centers, the
secondary level care facilities in India’s public health
system. According to the RHS 2020-21 report, 5481
rural community health centers were functional with
1212 surgeons (including general surgeons and oph-
thalmologists), 1433 obstetricians and gynecologists
(OBGYNs), and 805 anesthetists catering to an esti-
mated 895,038,000 rural people, bringing the SAO
density at community health centers to 0.385 per
100,000 for rural India.”” Geographically inequitable
SAO workforce distribution in rural community health
centers was seen across states (Fig. 1a). The state of
Uttar Pradesh, the most populous and geographically
fourth largest state, had the most SAO workforce of 597
but an SAO density of only 0.338 per 100,000. SAO
density in rural community health centers was highest
for Lakshadweep (300) among union territories and
Telangana (1.25) among states. Smaller states and union
territories such as Sikkim, Mizoram, and Puducherry
had two, nine and three functioning rural community
health centers respectively, with no SAO workforce.

A total of 975 community health centers were func-
tional in tribal regions with 244 surgeons and 208
OBGYNs.” While the national level combined surgeon
and OBGYN density at tribal community health centers
was 0.449, the values were heterogeneous across the
country. Not all states have designated tribal regions,
hence, Assam, Kerala, and Meghalaya had no surgeons
in tribal community health centers. Himachal Pradesh,
Mizoram, Andaman and Nicobar Islands, Dadra and
Nagar Haveli and Daman and Diu, and Jammu and
Kashmir lacked both surgeons and OBGYN specialists.
Tamil Nadu has the highest density of surgeons &
OBGYNs (2.34) among the Indian states lagging behind
Lakshadweep with a density of 140 (Fig. 1b). No data
were available for anesthetists.

The RHS report briefly mentions a total of 470 urban
community health centers with 323 anesthetists result-
ing in a density of 0.068.”” Jammu and Kashmir had the
highest density with 0.59 anesthetist density while
Kerala, Puducherry, Punjab, Chhattisgarh, and Jhark-
hand had no anesthetists in urban community health
centers (Fig. 1c). However, it should be noted that
community health centers form only a small fraction of
all available surgical care facilities serving urban areas.
No data on surgeons and OBGYNs at urban community
health centers were presented.

NITI Aayog, a high-level government think tank,
collected data for best practices and key performance
indicators of district hospitals in 2018-19.* The data
were primarily accessed through the hospitals’ records
in the Health Management Information System (HMIS)
which includes over 200,000 healthcare facilities of
which 95% are publicly-owned. These data were
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Fig. 1: Community health center SAO workforce density per 100,000 people across 36 Indian states and union territories in 2021 for
three regions: a. rural, b. tribal (includes only surgeons and OBGYNs), and c. urban (includes only anesthetists). The scales across maps are
different due to differences in specialists included in the SAO workforce. The color scale is centered at the national aggregate value for India in

each case. Some states are grayed to depict missing data.

validated against on-field surveys by trained National
Accreditation Board for Hospitals and Healthcare Pro-
viders (NABH) assessors who investigated percentage
matches for the indicators. In 2019, India had 810 dis-
trict hospitals; however, NITI Aayog excluded 79 hos-
pitals for no specified reasons. Of the remaining 731
hospitals, data could not be collected from 24 due to
security reasons and difficult terrain, finally leading to
707 district hospitals (87.3% of all district hospitals) with
validated data. However, validation depicted a match
rate of only 36% for this indicator, i.e., the numbers
present in the HMIS and those entered by the NABH
assessors did not match for 452 of the 707 hospitals.”
The report quantified the total number of surgeons to
be 3730, equating to a district hospital surgeon density
of 0.273. Among the states and UTs, Ladakh had the
highest surgeon density of 6.56 while Bihar had the
lowest density of 0.0954. Among districts, Papum Pare
in Arunachal Pradesh reported the highest surgeon
density of 10.76 while 31 districts reported null values
(Fig. 2). It should be noted that SAO density based on
personnel working at district hospitals forms only a
portion of the overall SAO density. Even so, investi-
gating these data is important as district hospitals are
supposed to be first point of care for surgery within the
public health system that accessible at affordable costs to
a large section of the Indian population.

The current literature highlights two major prob-
lems. First, there is a need to clearly define the ‘surgical
workforce’ in the context of Indian healthcare practices.
In India, resident-level trainees, nurses, ancillary staff,
Bachelor of Medicine and Bachelor of Surgery (MBBS)
students, and alternative medicine practitioners known
as AYUSH (Ayurveda, Unani, Siddha, and

www.thelancet.com Vol 13 June, 2023

Homeopathy) account for a measurable chunk of health
service delivery. Some of these trainees and practi-
tioners provide surgical care, especially in places where
fully trained SAO workforce personnel may not be
available. Hence, expanding the SAO workforce to
include these groups is important (Panel 1). However,
such inclusion should accurately differentiate among
the different levels of training. Second, comprehensive
nationwide data collection or aggregation is needed.
Available data do not contain information on the work-
force in the private health sector, except for voluntary
memberships in professional societies, where updated
publicly open data are unavailable. Ideally, the database
should have information about the SAO demographics
(gender, age, social groups, etc.), their geographic dis-
tribution, level of training, and sector of primary
employment to understand the precise deficiencies in
the workforce for targeted planning and investments.
Current efforts toward Healthcare Professionals Regis-
try under the Ayushman Bharat Digital Mission should
focus on SAO care professionals.*

Indicator IlI: surgical volumes

The third indicator measures the number of procedures
requiring general or local anesthesia done in operation
theaters per 100,000 population per year with a target of
5000 surgical procedures per 100,000 people by 2030.°
The World Development Indicators dataset and Global
Indicators Initiative do not include primary data for
surgical volumes in India and rely on imputed values
from studies conducted under LCoGS.**” This cross-
national modeling study associated with LCoGS
imputed an estimate of 904 operations per 100,000 for
India based on a stepwise linear regression model using
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Fig. 2: Surgeon density in 707 district hospitals across 580 districts in 2018-19. The color scale is centered at the national aggregate value

for India in each case. Some states are grayed to depict missing data.

total health systems spending per capita as the main
predictor.”” The analysis included outpatient procedures
but excluded minor surgeries that may be conducted in
operation theaters; minor surgeries were not clearly
defined. Also, since this study estimated the volumes for
2012, it would not be representative of the current sit-
uation. The model is also known to underestimate sur-
gical rates in South Asian countries including Myanmar
and Sri Lanka.®

In a retrospective audit (2008-12) of insurance
claims covering 81% of households with limited income
in the southern states of Andhra Pradesh and Telangana
estimated a mean annual surgical rate of 259 per
100,000 beneficiaries.* The study excluded cesarean

sections (known to account for a third of surgeries in
resource-limited settings) and cataract operations. The
difference in estimates from the two studies'"* could be
attributed to the inclusion of different operative pro-
cedures, different socioeconomic statuses of the pop-
ulations, and different study periods.

The NITI Aayog report with data on 707 district
hospitals (out of 810 total hospitals present) for 2018-19
found the rate of major surgeries (surgeries requiring
general and spinal anesthesia) including cesarean sec-
tions to be 127.6 per 100,000 with the highest rate of
1560.9 surgeries per 100,000 in Dadra & Nagar Haveli
and lowest rate of 33 surgeries per 100,000 people in
Chhattisgarh where tribal people contribute to a third to
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the total population.”” Shahdara (in Delhi) had the
highest rate of major surgeries (including c-sections)
with 2839 per 100,000 while 14 districts reported a null
rate (Fig. 3). This number has multiple caveats. First,
the indicator-wise validation between the field survey
and pre-entered HMIS values showed only a 46% match
depicting that the values for major surgeries in a year
were similar between the two sources for only 325 out of
707 district hospitals. However, the report does not
mention if the values were under- or over-reported for
surgical volumes in HMIS. Second, while district hos-
pitals are considered the first-level surgical care facilities
in several parts of the world including India, they are
few compared to the overall number of surgical facilities

Centered at national value

0 127.6

2839

(20,802).”> Third, district hospitals also form a small
portion of the public system. For instance, in 2020-21
(two years after the study period mentioned in the
report) district hospitals accounted for only 0.4% of
healthcare facilities in India’s public system that in-
cludes sub-centers, primary healthcare centers, com-
munity healthcare centers, sub-district hospitals, and
medical college (teaching) hospitals, apart from district
hospitals.” While the surgical capacity of district hos-
pitals is critical for planning, the data on surgical vol-
umes in district hospitals underestimate the overall
surgical need of the country. In other words, surgical
volumes at district hospitals should not be equated with
population-level surgical volumes. Even so, investigating

Fig. 3: Combined rates of major surgeries and c-sections per 100,000 people conducted in 707 district hospitals across 580 districts in
2018-19. The color scale is centered at the national aggregate value for India in each case. Some states are grayed to depict missing data.
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these data is important as district hospitals are supposed
to be first point of care for surgery within the public
health system that accessible at affordable costs to a
large section of the Indian population.

Analysis of high-value insurance claims filed from
September 2018 to May 2019 under the Pradhan Mantri
Jan Arogya Yojana (PMJAY)-the national health insur-
ance scheme covering the ‘bottom 40%’ of the Indian
population—found that 61% of the 2,000,000 claims were
surgical (1,220,000).* With about 735,875,090 eligible
beneficiaries,” the PMJAY surgical rate comes to 166
surgeries per 100,000 eligible beneficiaries. The low
surgical rate under PMJAY, which provides financial
risk protection against expenses at secondary and ter-
tiary care levels, can be explained by a web of interacting
supply and utilization factors including slow empanel-
ment of major surgical care hospitals under the scheme,
inequitable access to care for rural residents and those
in low socioeconomic development zones, and lack of
awareness among eligible beneficiaries along several
other issues.*

Small-scale studies have also looked at surgical needs
in certain urban regions, however, we could find only
two studies with data fitting the definition of Indicator
III. A community-based study of two slum pockets in
the metropolitan city of Ahmedabad in Gujarat, reported
a surgical rate of 1996.5 per 100,000 population in 2019
with an unmet surgical need of 42%.” The lower rate
compared to the LCoGS’ 5000 threshold can be
explained by 80% of cohort participants belonging to
low-income groups, where surgical uptake can be
limited due to financial risks. However, there could be
several determinants beyond finances for low surgical
uptake. Also, it only included people above 14 years of
age, excluding any pediatric patients. A retrospective
audit study conducted on electronic medical records
from 2017 to 2018 of surgical uptake in a well-
characterized urban cohort receiving universal health
coverage under the employees’ health scheme in the city
of Mumbai estimated a surgical volume of 4642 per
100,000 people per year in the cohort. Extrapolating to
India’s population after standardization based on the
census demographics, the study estimated a surgical
rate of 3646 per 100,000 people for India.”* However,
such an extrapolation is limited since the considered
cohort does not capture all aspects of geographic, de-
mographic, or socio-economic diversity in India that
influence health services utilization. Further, the study
assumed a 100% acceptability and utilization of services,
which does not hold true in several parts of the country.
The stark contrast between the surgical volume in the
urban universal health coverage cohort in Mumbai* and
the low-income urban cohort in Ahmedabad*® points to
the differential uptake across socioeconomic strata.

The current literature fails to capture data on surgical
care provision and utilization from all the different de-
mographic and socio-economic strata of Indian society.

Further, different inclusion criteria for considering
essential procedures across studies make comparisons
and monitoring target achievement difficult. The lack of
sub-national mapping of surgical volumes precludes
reliable resource allocation for meeting the targets.

Indicator IV: perioperative mortality rate

The perioperative mortality rate (POMR) records the all-
cause mortality rates before discharge among patients
who have undergone a procedure in an operation the-
ater. However, there are other POMR definitions look-
ing at mortality 24 h or 48 h post-surgery or at 7-30 days
follow-up. LCoGS recommended that by 2030, all
countries should achieve tracking of perioperative
mortality and set national targets.’

POMR has been measured in LMICs by many
multinational studies. A systematic review summarizing
studies by 2014 reported POMR for 191 procedures/
diagnoses in 1,020, 869 patients from 83 LMICs. It
included data for 54 on procedures/diagnoses for 30,458
patients from 82 Indian studies.”” POMR was highly
variable across procedures/diagnoses and studies
(Table 2). Indian POMR values were higher than the
meta-analytic aggregate of all studies for head injury,
Fournier’s gangrene, cardiac myxoma, resection of
intracranial mass, and colonic volvulus, among others.
Several procedures including congenital diaphragmatic
hernia, intussusception, hepatic hydatidosis, laparo-
scopic orchiectomy, uterine rupture, etc. That are
known for high mortality risk had zero POMR for India,
questioning the reliability of these data. Studies
included here were predominantly observational (n =81,
98.8%), retrospective (n = 46, 56%), conducted in urban
(n = 78, 95.1%) and teaching hospital (n = 75, 91.5%)
settings. Most studies (n = 53, 63.9%) did not define the
POMR timeframe explicitly. However, it is crucial to
note that this review may not report from findings from
methodologically diverse studies owing to its study
aims, inclusion criteria, and analytical design. Almost all
Indian studies included are from tertiary hospitals and
academic centers, thereby biasing the true estimates for
POMR in case of India. Hence, while important, these
estimates should not be considered to be nationally
representative.

A recent systematic review on perioperative mortality
due to acute abdominal surgeries in LMICs included
about a quarter of 70 studies published in 2017 for In-
dia.”> However, it did not present any country-level data
on POMR. Another recent systematic review on post-
Cesarean section maternal mortality included 18 In-
dian studies published from 1990 to 2017 of which the
majority (n = 13, 72%) were from tertiary facilities
(mostly teaching hospitals) with 61% prospective cohort
studies. The post-cesarean section maternal mortality
was >1-5 per 1000 Cesarean sections in India.”

Only a few primary research studies published
beyond the above-mentioned systematic reviews provide
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(Table 2 continues on next page)

Sr. No. Procedure or Diagnosis Description Indian POMR (%) Inverse-variance
Range (min to max, weighted aggregated
when applicable)” POMR (%)
[No. of studies]

1 Bowel obstruction 4-8 [n = 2] 12.32

2. All-comer head injury 54.6 27.2

3. Hydatid disease, not otherwise specified 0 0.66

4. Esophageal perforation 9.7 9.02

5. Emergency peripartum hysterectomy 5.4-16 [n = 4] 7.81

6. Perforated hollow viscus, excluding perforations secondary to Salmonella 7-40 [n = 6] 11.85

typhi infection

7. Trauma, not otherwise specified 4.7 2.93

8. Bile duct procedures, excluding Whipple procedure 0 27.2

9. Cardiac surgery, not otherwise specified 0-3.3[n=2] 4.96

10. Oncologic diagnoses, not otherwise specified 2.6 197

11. Minimally invasive surgery, not otherwise specified 0 0

12. Appendicitis 0 0.01

13. Laparotomy, not meeting other abdominal surgery code, includes 4.9-12.5 [n = 3] 12.53

laparotomy performed for trauma

14. Peripheral vascular injury 2.4-10.5 [n = 2] 3.52

15. Complex congenital heart disease 0-18.2 [n = 3] 14.94

16. Hepatic abscess 9.4-62.5 [n = 2] 15.86

17. Congenital heart disease, adult population 13 277

18. Congenital diaphragmatic hernia 0 21.72

19. Intussusception 0 4.8

20. Cesarean section 0.1-0.3 [n = 2] 0.05

21. Coronary artery bypass graft 0-43.9 [n = 3] 438

22. Pulmonary resection, excluding resection for Tuberculosis 1.9-5.6 [n = 2] 1.3

23. Cardiac myxoma 5.3 2.24

24. Traumatic diaphragmatic hernia 0-13.8 [n = 3] 9.59

25. Necrotising fasciitis 9.1 7.91

26. Esophageal carcinoma 3.2 5.4

27. Nissen fundoplication 0 0

28. Cardiac valve procedures 15 4.17

20. Hepatic hydatidosis 0 0.46

30. Laparoscopic orchiectomy 0 0

3L Radical cystectomy 1 0.02

32. Resection of intracranial mass 3.6 129

33. Gunshot wound 14 14.45

34. Upper gastrointestinal bleed 0 27.24

35. Choledochal cyst 0.9 0

36. Intracranial hemorrhage 3.8-35.7 [n = 3] 24.47

37. Neurosurgical procedures, not otherwise specified 2.1 5.78

38. Colonic volvulus 14.6 6.39

39. Peripheral arterial bypass 3 424

40. Colon resection, excluding resection for volvulus 1.2 2.83

41. Ectopic pregnancy 0 0

42. Whipple pancreaticoduodenectomy 3.6-5.4 [n = 2] 2.94

43. Inguinal hernia 0 0.38

44. Nephrectomy 0 0

45. Mastoidectomy 0 0

46. Typhoid intestinal perforation 20.7 20.09

47. Cholecystectomy 0 0

48. Vesicovaginal fistula 0 0

49. Intracranial aneurysm 5.4 7.99

50. Head and neck cancer 11 1.09
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Sr. No. Procedure or Diagnosis Description

Indian POMR (%) Inverse-variance
Range (min to max, weighted aggregated
when applicable)” POMR (%)

[No. of studies]

(Continued from previous page)

51 Uterine rupture

52. Fournier's gangrene
53. Ascariasis

54. General surgery

studies reporting values for the same procedure/diagnosis.

*This table contains data from 82 of the total 87 studies from India reported in the review by Ng-Kamstra and colleagues.”* The other 5 studies, which were a part of
international, multicentric studies, have been excluded due to a lack of India-specific values. For details, refer to Supplementary Materials 3 and 4 in the review article by Ng-
Kamstra and colleagues.”* bSingle value is mentioned when the procedure was reported by only one study while range (minimum and maximum) is mentioned for multiple

0 736
27.4 14.22
13 127
6 6

Table 2: POMR by procedures in India® compared to the LMIC aggregate as extracted from Ng-Kamstra and colleagues.”*

data on POMR for India. A retrospective study of data
collected during 2013-15 on 2986 patients from four
urban tertiary public hospitals with dedicated trauma
units noted POMR at 48 hours and 30 days post-surgery
for trauma surgery to be 6% and 23.1%, respectively.”
Another research abstract describing a retrospective
audit from 2016 to 2020 from the departments of
General Surgery, Orthopedics, and OBGYN from a low-
resource non-governmental hospital reported a POMR
of 0.16% for 1860 patients undergoing surgeries.
However, the study did not define the timeframe for
POMR data collection and acknowledged incomplete
data.”

A multinational source of POMR data has been the
Globalsurg Collaborative—an international research
collaboration for prospective cohort studies among
doctors, clinical officers, medical students, nurses, and
researchers from over 100 countries. While GlobalSurg
does not report country-specific data, they report data for
world bank income groups and tertiles of countries
based on their human development index (HDI) ranks.
GlobalSurg 1 included data on 10,745 patients from 357
centers (6-10 Indian centers) in 58 countries collected
from July to December 2014. For 2889 patients from
middle HDI countries, including India, it reported un-
adjusted 24-h and 30-day mortality rates (or in-hospital
mortality rate whenever 30-day mortality was not avail-
able) for emergency abdominal surgeries to be 1.9% and
6%, respectively.”® Data from GlobalSurg 1 and 2 con-
ducted in 2014 and 2016 with a pooled group of 12,296
patients from 326 to 356 centers in 76 countries,
respectively, described the all-cause mortality within 30
days of emergency and elective surgeries.”” For 3985
patients from middle-HDI countries, mortality was re-
ported to be 15.7% after emergency laparotomy and
1.5% after elective gastrointestinal surgeries. Global-
Surg 3 conducted during April 2018-January 2019
documented the postoperative 30-day mortality data for
primary breast, colorectal and gastric cancer from
16,838 patients in 428 centers (including 17 Asian

centers) spread across 82 countries.”® In the group
including 4131 patients from low- and lower-middle
income countries, the unadjusted mortality was re-
ported to be 10.1% for gastric cancers, 7% for colorectal
cancers, and 0.4% for breast cancers.

Other studies have investigated surgical mortality
that may not strictly fall under the definition of POMR.
One such national-level resource for surgical mortality
data is the PMJAY database. While the database is not
publicly accessible, a report using PMJAY data from
2018 to 19 covering 3.68 million beneficiaries in total
(beyond surgery) has shown that the in-hospital mor-
tality rate was 0.58%. The rates were higher in public
hospitals compared to those in private hospitals.” Sur-
gical specialty-wise mortality rate differences between
public and private hospitals are presented in Fig. 4.
These mortality rates, however, do not strictly represent
POMR as there may be cases registered under surgical
specialty packages that may not have undergone an
operation or may have died prior to their procedure.
Next, a multi-center prospective cohort study, conducted
during 2013-15, including five urban teaching hospitals
from Mumbai, Kolkata, Chennai, and Delhi reported the
mortality rate among people hospitalized for trauma
within 30 days of admission to be 21.6%.%

POMR, though an important measure of surgical
safety, remains under-utilized due to variable reporting
and susceptibility to information bias & publication
bias.”®* The time period considered for recording
POMR varies across studies while the rate itself remains
ill-defined in some.”” This is especially true for LMICs
like India where follow-up records of patients are un-
available. POMR data are still largely available through
individual research studies than routine data collections
such as HMIS or PMJAY. Beyond establishing stan-
dardized registries® and solving systemic challenges
shared by LMICs,” India needs a consensus-driven
definition and high fidelity measurement process
adapted to the country’s pragmatic needs and con-
straints for POMR data collection.
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General Surgery
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Orthopedics  0.07 1 0.15
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Ophthalmology 0.01 1 0.02
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Fig. 4: In-hospital mortality rates in public vs. private hospitals empanelled under Pradhan Mantri Jan Arogya Yojana (2018-19).

Indicators V-VI: protection against impoverishing
and catastrophic expenditures

The fifth and sixth indicators investigate the proportions
of households protected against the risk of impover-
ishing (IHE) and catastrophic health expenditures
(CHE) from direct out-of-pocket expenditure (OOPE) for
surgical and anesthesia care.” CHE is defined as OOPE
greater than 10% of the annual household consumption
expenditure before care was sought while IHE is
recorded when the OOPE pushes the care-seeker living
above the poverty line into poverty or those already
below the poverty line further into impoverishment.*
The LCoGS targeted 100% protection against both
CHE and IHE by 2030. While the definition and target
are defined as protection against CHE and IHE risks,
the data have been reported for proportions facing these
risks.

LCoGS-associated research has modeled surgery-
specific CHE and IHE risks for India as part of their
global analyses.'”® The first analysis used stochastic
modeling to estimate CHE risk based on surgery costs
(proxied for Cesarean-section), within-country income
inequality, and population proportions undergoing
surgery across wealth quintiles.” This analysis found an
approximately 80% chance of CHE for potential care-
seekers receiving surgery in India. While a useful
initial estimate, looking solely at Cesarean-sections for
benchmarking CHE can be problematic for India.
Cesarean-section rates and expenses differ across pri-
vate and public sector health facilities,**° residence, and
socioeconomic conditions of care-seekers that influence
care-seeking behaviors.” The second study used a
similar modeling approach but used to estimate risks
for both CHE and IHE across wealth quintiles. For In-
dia, the surgical care-seeking population facing CHE
and IHE (relative to the national poverty line) were
estimated to be 59.6% and 36.5%, respectively."? Popu-
lation portions across wealth quintiles (poorest, poor,
middle, rich, and richest), facing CHE risk were 100%,
63.4%, 14.2%, 3.8%, and 0.9%, while those for IHE
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were 89.8%, 73.9%, 60%, 45.6%, and 28.8% showing a
steady increase in risk from richest to the poorest.

India does not have subnational surgery-specific es-
timates for indicators V and VI; though several studies
have looked at CHE for overall healthcare services,*
disease-specific CHE,” CHE due to OOP payments for
medicines,”’ and that due to indirect costs associated
with hospitalizations.”” Analysis using data from na-
tionally representative sample surveys has shown that
CHE in India has grown 2.24 times from 1995 to 2014.
Additionally, there is a large inter-state variability in
CHE with the highest affected state, Kerala (74.6%),
having almost four times more proportion of house-
holds affected than that of the least one, Sikkim
(18.7%).* A disease-specific analysis reported cancers to
be responsible for 79% of the CHE while cataract was
the smallest contribution to the CHE burden.”

Only one field study of three districts of the northern
agricultural state of Haryana provided data exclusively
on surgical care expenditure.” This interview-based
study of ex-beneficiaries of a pre-paid surgical package
program run at public hospitals from 2006 to 2013
found CHE prevalence to be 5.6% among surgery-
seeking beneficiaries. Including the indirect costs, the
mean OOPE incurred by the patients on secondary level
surgical care under this program was Rs. 4564
(US$74.6). The low CHE prevalence can be explained by
the program structure. Enrollees of the program made
upfront one-time payments specific to the surgical pro-
cedures provided at fixed costs. The package covered the
costs of pre-surgical medicines, diagnostics, surgery,
and post-surgical medicines up to 14 days after
discharge. Cesarean-sections, eye surgeries for adults
and children, and cleft lip surgeries were provided free
of cost, and people living in slums or those below the
state poverty line were also provided exemptions from
the one-time fees.

There is a dearth of primary data on surgical care
expenditures from different healthcare settings and de-
mographic cohorts in India. Further, future research on
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expenditures needs to include indirect costs and lost
productivity as a recent analysis of a nationally repre-
sentative health consumption survey has demonstrated
that the indirect costs account for about a quarter of
OOPE among inpatient hospitalizations in India.””
Analysis of impoverishment needs to account for the
dynamic movement of households across the poverty
line due to accessing surgical care.”

Discussion

In this review, we found that India currently falls below
the targets for all indicators across different health sec-
tors and regions. There is limited data for access to
timely essential surgery, and catastrophic and impover-
ishing expenditures due to surgery. Evidence on SAO
workforce, surgical volumes, and POMR depicts wide
variability across health sectors, levels of referral hier-
archy, procedures, diagnoses, regions, etc. For several
indicators, rural and tribal regions lag urban SAO care.
The public health sector has more limited capacity for
surgical care provision than the private sector.

Future research focus
While we collated data from wide-ranging sources, this
review points to multiple gaps needing further research.
First, subnational district and state-level data on all in-
dicators are needed. These data need to be further dis-
aggregated for rural, tribal, urban regions, public and
private (non- and for-profit) private health sectors, and
different levels of care. Surgical volumes, POMR, and
financial risk protection indicators should be investi-
gated across different population groups typified by so-
cial determinants of healthcare seeking including
gender, age, income, caste, and religion among others.
Synthesizing disaggregated indicators is crucial for a
country as large and diverse as India, where tracking
only aggregate numbers often deceives true target
achievement, especially among vulnerable populations.”
Second, the initially proposed LCoGS indicators and
the subsequent consensus-based modifications need
further adaptation for India’s context. Such adaptation
has been observed in the national vision document
drafted for Pakistan’s National Surgical, Obstetrics, and
Anesthesia Plan (NSOAP).” In India’s case, indicators
will need to be adapted in several ways such as: a)
assessing the access to timely surgery by selecting only
functional surgical facilities evaluated for their quality of
care, b) expanding the definition scope of the surgical
workforce to include MBBS and other practitioners, c)
considering defining procedure-specific surgical volume
targets given the skew created by excess Cesarean-
sections and other procedures in some regions, d)
ensuring in-hospital POMR data collection in places
where pragmatic constraints may make 30-day POMR
recording challenging, and e) wusing appropriate
thresholds for measuring CHE and THE that account for

multiple dimensions of social and economic deprivation
and regional variation in the poverty line.”””* More
importantly, the adaptation needs to be driven through a
systematic process involving Indian stakeholders. The
Utstein consensus report, for instance, involved only 8
LMIC panelists out of 38 but no one from India® A
similar process or a Delphi panel study would be suit-
able for adapting the indicators and targets for India.

In the current review, we did not investigate the
impact of the COVID-19 pandemic on surgical care in-
dicators. However, studies have demonstrated that the
pandemic and the policy responses to it have reduced
surgical volumes, particularly for elective procedures.”*!
Post-operative mortality rates were also higher in
COVID-19 patients, thereby increasing overall POMR.*
More broadly, there have been increases in the delay to
care,® unemployment,* and poverty.* These socioeco-
nomic adversities have direct implications for indicators
I, V, and VI. Future research needs to establish the
baseline (pre-pandemic) for surgical indicators in India
and estimate the impact of COVID-19 on the indicators.
Estimates for baseline and changes to it due to the
pandemic are necessary for targeted planning, priori-
tizing care domains and regions that may have been
most impacted by the pandemic.

Policy implications

Data on workforce and volumes depict the need to scale
up. Given the country’s large geographic scope, relying
solely on district hospitals that are thought to be the first
point of contact in case of SOTA care in other LMICs
may not be optimal for India. Diversifying surgical
services provided at different levels of care is feasible. A
large section of essential surgery can be provided at the
secondary care level, i.e., community health centers.®
Investing in SAO care scale-up at community health
centers can be particularly useful for patients in rural
and tribal regions.”” Such policies and investments
would also be supported by the guidelines from the
Indian Public Health Standards that enlist several
essential surgical procedures, workforce targets, and
quality indicators as necessary components at CHCs. In
fact, the Indian Public Health Standards guidelines go
beyond community health centers to ambitiously sug-
gest surgery as a desirable integration at the primary
health centers.® Assessing the current SAO care ca-
pacity at community health centers, possibly through
the LCoGS indicators, to decide policy needs and op-
portunities for public health investment would be crit-
ical for improving surgical care access in India.

For monitoring and evaluation purposes, India could
benefit from instituting a surgical care indicators data-
base or integrate these indicators into existing data-
bases. It should be noted that integrating these
indicators into existing databases would be more
feasible and economic than instituting a new database.
Indicators I, II, III, and IV can be integrated into the
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Search strategy and selection criteria

A narrative review was conducted that included-a) research
papers, reviews, and conference abstracts published in peer-
reviewed academic journals, and b) international and
national policy reports published by intergovernmental,
governmental, and relevant nongovernmental stakeholders.
Peer-reviewed articles published from 2000 to 2020 were
retrieved from PubMed and Google Scholar searches
including the names of the individual indicators and India.
We also accessed LCoGS website (https://www.
lancetglobalsurgery.org/) to retrieve Commission related
research articles and abstracts. For policy reports, we relied
on websites of LCoGS (https://www.lancetglobalsurgery.
org/), Disease Control Priorities Network (https://dcp-3.0rg/
surgery), Program in Global Surgery and Social Change
(https://www.pgssc.org/), Ministry of Health and Family
Welfare (https://www.mohfw.gov.in/), NITI Aayog (https://
www.niti.gov.in/), and Pradhan Mantri Jan Arogya Yojana
(https://nha.gov.in/PM-JAY). We also screened the
references of the included materials. Reports were only
considered for inclusion if they provided data for India or
Indian states on any of the six surgical care indicators.
Reports available through the internet and published in
English were included. Research articles posted on pre-print
servers/repositories (e.g., BioRxiv, MedRxiv, etc.) that had
not undergone peer-review were excluded. All data included
were collected before the COVID-19 pandemic. The
pandemic has adversely impacted surgical care around the
world, however, investigating the impact of the pandemic
on surgical care indicators was beyond the scope of this
study.

Health Management Information System and Pradhan
Mantri Jan Arogya Yojana databases recording data
from hospitals. While indicators I, III, IV, V, and VI
could be included in the National Family Health Survey
recording data from household surveys with represen-
tative samples.*” Data collection across two different
kinds of sources for indicators I, I11, and IV will provide
ways to validate data, point to gaps, and better under-
stand surgical care needs and utilization patterns. In
line with its National Digital Health Mission, India
could formulate data governance policies ensuring that
surgical care indicators data are interoperable and pub-
licly accessible. In the long run, there needs India will
benefit by shifting from relaying on individual research
studies to utilizing health data systems that routinely
collect data on surgical care indicators.

Conclusion

India has limited primary data for timely access to
surgery and financial risk protection for seeking surgical
care. The data are heterogeneous across regions and
health sectors for surgical specialist workforce and
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surgical volumes. Data on perioperative mortality rate
are low quality. However, available data show that the
country falls short of achieving global targets for all in-
dicators. Future research and policy efforts should focus
on systematic subnational mapping of indicators and
adaptation of targets as per the country’s health needs
for sustainable and equitable surgical care planning.

Contributors
Study concept and design- Siddhesh Zadey, Joao Ricardo Nickenig
Vissoci.

Acquisition, analysis, or interpretation of data- Siddhesh Zadey.

Drafting of the manuscript- Siddhesh Zadey, Anveshi Nayan,
Himanshu Iyer.

Literature review- Siddhesh Zadey, Himanshu Iyer, Anveshi Nayan,
Ritika Shetty, Swati Sonal.

Critical revision of the manuscript for important intellectual content- All
authors.

Statistical analysis- N/A.

Obtained study funding- N/A.

Administrative, technical, or material support- Siddhesh Zadey.

Study supervision- Joao Ricardo Nickenig Vissoci.

Editor note
The Lancet Group takes a neutral position with respect to territorial
claims in published maps and institutional affiliations.

Declaration of interests
The authors declare no competing interests.

References

1  Bickler SN, Weiser TG, Kassebaum N, et al. Global burden of
surgical conditions. In: Debas HT, Donkor P, Gawande A,
Jamison DT, Kruk ME, Mock CN, eds. Essential surgery: disease
control priorities. 3rd ed vol. 1. Washington (DC): The International
Bank for Reconstruction and Development/The World Bank; 2015.
https://doi.org/10.1596/978-1-4648-0346-8_ch2.

2 Alkire BC, Raykar NP, Shrime MG, et al. Global access to surgical
care: a modelling study. Lancet Glob Health. 2015;3:e316—e323.

3 Price R, Makasa E, Hollands M. World health assembly resolution
WHAG68.15: “strengthening emergency and essential surgical care
and anesthesia as a component of universal health coverage”—
addressing the public health gaps arising from lack of safe,
affordable and accessible surgical and anesthetic services. World |
Surg. 2015;39:2115-2125.

4 Raykar NP, Ng-Kamstra JS, Bickler S, et al. New global surgical and
anaesthesia indicators in the World Development Indicators data-
set. BM] Glob Health. 2017;2:€000265.

5  Watters DA, Guest GD, Tangi V, Shrime MG, Meara JG. Global
surgery system strengthening: it is all about the right metrics.
Anesth Analg. 2018;126:1329-1339.

6 The Lancet Commission on Global Surgery. Data for the sustain-
able development of surgical systems: a global collaboration. Lancet
Commission Global Surgery. 2015;106(2).

7  The Lancet Commission on Global Surgery. Data for the sustain-
able development of surgical systems: a global collaboration, WDI
surgical indicators data collection 2016. Lancet Commission Global
Surgery. 2017;2(4).

8  Davies JI, Gelb AW, Gore-Booth J, et al. Global surgery, obstetric,
and anaesthesia indicator definitions and reporting: an Utstein
consensus report. PLoS Med. 2021;18:e1003749.

9  Meara JG, Leather AJM, Hagander L, et al. Global Surgery 2030:
evidence and solutions for achieving health, welfare, and economic
development. Lancet. 2015;386:569-624.

10 Holmer H, Lantz A, Kunjumen T, et al. Global distribution of
surgeons, anaesthesiologists, and obstetricians. Lancet Glob Health.
2015;3(Suppl 2):S9-S11. Supplementary Appendix Table S4.

11 Weiser TG, Haynes AB, Molina G, et al. Size and distribution of the
global volume of surgery in 2012. Bull World Health Organ.
2016;94:201-209F.

13


https://doi.org/10.1596/978-1-4648-0346-8_ch2
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref2
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref2
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref3
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref4
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref4
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref4
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref5
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref5
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref5
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref6
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref6
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref6
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref7
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref7
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref7
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref7
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref8
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref8
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref8
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref9
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref9
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref9
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref10
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref10
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref10
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref11
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref11
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref11
https://www.lancetglobalsurgery.org/
https://www.lancetglobalsurgery.org/
https://www.lancetglobalsurgery.org/
https://www.lancetglobalsurgery.org/
https://dcp-3.org/surgery
https://dcp-3.org/surgery
https://www.pgssc.org/
https://www.mohfw.gov.in/
https://www.niti.gov.in/
https://www.niti.gov.in/
https://nha.gov.in/PM-JAY
www.thelancet.com/digital-health

Review

14

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Shrime MG, Dare A, Alkire BC, Meara JG. A global country-level
comparison of the financial burden of surgery. Br ] Surg.
2016;103:1453-1461.

Holmer H, Bekele A, Hagander L, et al. Evaluating the collection,
comparability and findings of six global surgery indicators. Br |
Surg. 2019;106:e138-e150.

Massenburg BB, Saluja S, Jenny HE, et al. Assessing the Brazilian
surgical system with six surgical indicators: a descriptive and
modelling study. BMJ Glob Health. 2017;2:¢000226.

Hanna JS, Herrera-Almario GE, Pinilla-Roncancio M, et al. Use of
the six core surgical indicators from the Lancet Commission on
Global Surgery in Colombia: a situational analysis. Lancet Glob
Health. 2020;8:¢699—710.

Fatima I, Shoman H, Peters A, Vervoort D, Samad L, Meara JG.
Assessment of Pakistan’s surgical system by tracking the lancet
global surgery indicators toward a national surgical, obstetric, and
anaesthesia plan. ] Am Coll Surg. 2019;229:5125.

Albutt K, Punchak M, Kayima P, Namanya DB, Anderson GA,
Shrime MG. Access to safe, timely, and affordable surgical care in
Uganda: a stratified randomized evaluation of nationwide public
sector surgical capacity and core surgical indicators. World | Surg.
2018;42:2303-2313.

Dahir S, Cotache-Condor CF, Concepcion T, et al. Interpreting the
Lancet surgical indicators in Somaliland: a cross-sectional study.
BM]J Open. 2020;10:€042968.

Guest GD, McLeod E, Perry WRG, et al. Collecting data for global
surgical indicators: a collaborative approach in the Pacific Region.
BM]J Glob Health. 2017;2:2000376.

GBD Collaborators. Global burden of 369 diseases and injuries in
204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. 2020;396:1204-1222.
Ministry of Statistics and Program Implementation. Health in In-
dia, NSS 75th round. Ministry of Statistics and program implementa-
tion. National Statistical Office; 2020. http://mospi.nic.in/unit-level-
data-report-nss-75th-round-july-2017-june-2018-schedule-250social-
consumption-health. Accessed February 19, 2021.

Dubey S, Vasa ], Zadey S. Do health policies address the avail-
ability, accessibility, acceptability, and quality of human resources
for health? Analysis over three decades of National Health Policy of
India. Hum Resour Health. 2021;19:139.

Nair A, Jawale Y, Dubey SR, Dharmadhikari S, Zadey S. Workforce
problems at rural public health-centres in India: a WISN retro-
spective analysis and national-level modelling study. Hum Resour
Health. 2022;19:147.

GBD Health Financing Collaborator Network. Past, present, and
future of global health financing: a review of development assis-
tance, government, out-of-pocket, and other private spending on
health for 195 countries, 1995-2050. Lancet. 2019;393:2233-2260.
Patnaik I, Roy S, Shah A. The rise of government-funded health in-
surance in India. National Institute of Public Finance and Policy
New Delhi; 2018. https://www.nipfp.org.in/media/medialibrary/
2018/05/WP_231.pdf. Accessed April 28, 2022.

Gowd KK, Veerababu D, Reddy VR. COVID-19 and the legislative
response in India: the need for a comprehensive health care law.
J Publ Aff. 2021;21:€2669.

Raykar N, Mukhopadhyay S, Saluja S, et al. Implementation of the
lancet commission on global surgery in india. Healthc (Amst).
2019;7:4-6.

Rayne S, Burger S, Straten SV, Biccard B, Phaahla M]J, Smith M.
Setting the research and implementation agenda for equitable ac-
cess to surgical care in South Africa. BMJ Glob Health. 2017;2:
€000170.

Shirley H, Wamai R. A narrative review of kenya’s surgical capacity
using the lancet commission on global surgery’s indicator frame-
work. Glob Health Sci Pract. 2022;10:¢2100500. https://doi.org/10.
9745/GHSP-D-21-00500.

Ashraf M, Vervoort D, Rizvi S, et al. Access to safe, timely and
affordable surgical, anaesthesia and obstetric care in Pakistan: a 16-
year scoping review. East Mediterr Health J. 2022;28:302-313.
Raykar NP, Bowder AN, Liu C, et al. Geospatial mapping to esti-
mate timely access to surgical care in nine low-income and middle-
income countries. Lancet. 2015;385(Suppl 2):S16.

Jadhav T, Vissoci JRN, Zadey S. Measuring timely geographical
access to surgical care in India: a geospatial modelling study. Lancet
Glob Health. 2022;10(Suppl 1):529.

Stewart BT, Tansley G, Gyedu A, et al. Mapping population-level
spatial access to essential surgical care in Ghana using availability
of bellwether procedures. JAMA Surg. 2016;151:e161239.

34

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

51

52

53

54

55

Esquivel MM, Uribe-Leitz T, Makasa E, et al. Mapping disparities in
access to safe, timely, and essential surgical care in Zambia. JAMA
Surg. 2016;151:1064-1069.

Knowlton LM, Banguti P, Chackungal S, et al. A geospatial evalu-
ation of timely access to surgical care in seven countries. Bull World
Health Organ. 2017;95:437-444.

Dare AJ, Ng-Kamstra JS, Patra J, et al. Deaths from acute abdom-
inal conditions and geographical access to surgical care in India: a
nationally representative spatial analysis. Lancet Glob Health.
2015;3:e646—e653.

Ng-Kamstra JS, Dare AJ, Patra |, et al. Deaths from acute abdom-
inal conditions and geographic access to surgical care in India: a
nationally representative population-based spatial analysis. Lancet.
2015;385(Suppl 2):S32.

Kumar S, Dansereau EA, Murray CJL. Does distance matter for
institutional delivery in rural India? Appl Econ. 2014;46:4091-4103.
Daniels KM, Riesel JN, Verguet S, Meara JG, Shrime MG. The
scale-up of the global surgical workforce: can estimates be achieved
by 20302 World ] Surg. 2020;44:1053-1061.

World Health Organization (WHO). Number of licensed qualified
surgeons actively working. WHO global health observatory; 2022.
https://www.who.int/data/gho/data/indicators/indicator-details/
GHO/number-of-licensed-qualified-surgeons-actively-working.
Accessed July 29, 2022.

Country Office for India, World Health Organization. Surgical
workforce in India: what the state of Kerala tells us about the production,
stock and migration of the health workforce. WHO; 2015. https://apps.
who.int/iris/handle/10665/246163. Accessed July 29, 2022.

Rawat A, Saha A, Kumar A, Sharma R. Rural health Statistics 2020-
21. Ministry of Health & Family Welfare, Government of India;
2022.  https://main.mohfw.gov.in/sites/default/files /rhs20-21_1.
pdf. Accessed August 11, 2022.

Sarwal R, Iyer V, Kalal S. Best practices in the performance of district
hospitals in India. 2021. https://doi.org/10.31219/0sf.io/y79bg.
published online Oct 7.

National Health Authority, Ministry of Health and Family Welfare,
Government of India. Consultation paper on healthcare professionals
Registry. New Delhi, India: National Health Authority, Ministry of
Health and Family Welfare, Government of India; 2021. https://
hpr.abdm.gov.in/en. Accessed September 8, 2022.

Shaikh M, Woodward M, Rahimi K, et al. Major surgery in south
India: a retrospective audit of hospital claim data from a large
community health insurance programme. Lancet. 2015;385:523.
Dong D, Naib P, Smith O, Chhabra S. Raising the bar: analysis of
PM-JAY high-value claims. National Health Authority; 2019. https://
www.pmjay.gov.in/sites/default/files /2019-10/ Policy%20Brief_Rai
sing%20the%20Bar_High%20Value%20Claims_10-10-19_WB.pdf.
Accessed December 9, 2021.

Sood G, Laohaprapanon S. Socio-economic and caste census 2011.
Harvard Dataverse. 2018. https://doi.org/10.7910/dvn/liibnb.
Botelho F, Gripp K, Yanchar N, et al. Decolonizing global surgery:
bethune round table, 2022 conference on global surgery (virtual),
June 16-18, 2022. Can ] Surg. 2022;65:S1-S18.

Vora K, Saiyed S, Shah AR, Mavalankar D, Jindal RM. Surgical
unmet need in a low-income area of a metropolitan city in India: a
cross-sectional study. World | Surg. 2020;44:2511-2517.
Bhandarkar P, Gadgil A, Patil P, Mohan M, Roy N. Estimation of
the national surgical needs in india by enumerating the surgical
procedures in an urban community under universal health
coverage. World | Surg. 2021;45:33-40.

Ng-Kamstra JS, Arya S, Greenberg SLM, et al. Perioperative
mortality rates in low-income and middle-income countries: a
systematic review and meta-analysis. BMJ Glob Health. 2018;3:
€000810.

Felizaire M-R, Paradis T, Beckett A, et al. Perioperative mortality
rates as a health metric for acute abdominal surgery in low- and
middle-income countries: a systematic review and future recom-
mendations. World J Surg. 2019;43:1880-1889.

Sobhy S, Arroyo-Manzano D, Murugesu N, et al. Maternal and
perinatal mortality and complications associated with caesarean
section in low-income and middle-income countries: a systematic
review and meta-analysis. Lancet. 2019;393:1973-1982.
Mansourati M, Kumar V, Khajanchi M, et al. Mortality following
surgery for trauma in an Indian trauma cohort. Br ] Surg.
2018;105:1274-1282.

Ng YJ, Shroff RM. Perioperative mortality rate (pomr) in a low-
resource non-governmental organization (ngo) hospital setting in
India. ] Am Coll Surg. 2021;233:e86.

www.thelancet.com Vol 13 June, 2023


http://refhub.elsevier.com/S2772-3682(23)00038-0/sref12
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref12
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref12
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref38
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref38
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref38
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref13
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref13
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref13
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref14
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref14
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref14
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref14
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref15
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref15
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref15
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref15
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref16
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref16
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref16
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref16
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref16
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref17
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref17
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref17
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref18
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref18
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref18
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref19
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref19
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref19
http://mospi.nic.in/unit-level-data-report-nss-75th-round-july-2017-june-2018-schedule-250social-consumption-health
http://mospi.nic.in/unit-level-data-report-nss-75th-round-july-2017-june-2018-schedule-250social-consumption-health
http://mospi.nic.in/unit-level-data-report-nss-75th-round-july-2017-june-2018-schedule-250social-consumption-health
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref21
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref21
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref21
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref21
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref22
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref22
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref22
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref22
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref23
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref23
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref23
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref23
https://www.nipfp.org.in/media/medialibrary/2018/05/WP_231.pdf
https://www.nipfp.org.in/media/medialibrary/2018/05/WP_231.pdf
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref25
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref25
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref25
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref26
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref26
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref26
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref27
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref27
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref27
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref27
https://doi.org/10.9745/GHSP-D-21-00500
https://doi.org/10.9745/GHSP-D-21-00500
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref29
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref29
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref29
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref30
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref30
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref30
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref31
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref31
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref31
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref32
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref32
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref32
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref33
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref33
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref33
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref34
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref34
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref34
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref35
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref35
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref35
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref35
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref36
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref36
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref36
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref36
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref37
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref37
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref39
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref39
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref39
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/number-of-licensed-qualified-surgeons-actively-working
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/number-of-licensed-qualified-surgeons-actively-working
https://apps.who.int/iris/handle/10665/246163
https://apps.who.int/iris/handle/10665/246163
https://main.mohfw.gov.in/sites/default/files/rhs20-21_1.pdf
https://main.mohfw.gov.in/sites/default/files/rhs20-21_1.pdf
https://doi.org/10.31219/osf.io/y79bg
https://hpr.abdm.gov.in/en
https://hpr.abdm.gov.in/en
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref46
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref46
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref46
https://www.pmjay.gov.in/sites/default/files/2019-10/Policy%20Brief_Raising%20the%20Bar_High%20Value%20Claims_10-10-19_WB.pdf
https://www.pmjay.gov.in/sites/default/files/2019-10/Policy%20Brief_Raising%20the%20Bar_High%20Value%20Claims_10-10-19_WB.pdf
https://www.pmjay.gov.in/sites/default/files/2019-10/Policy%20Brief_Raising%20the%20Bar_High%20Value%20Claims_10-10-19_WB.pdf
https://doi.org/10.7910/dvn/liibnb
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref49
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref49
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref49
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref50
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref50
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref50
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref51
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref51
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref51
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref51
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref52
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref52
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref52
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref52
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref53
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref53
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref53
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref53
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref54
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref54
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref54
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref54
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref55
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref55
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref55
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref56
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref56
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref56
www.thelancet.com/digital-health

Review

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

GlobalSurg Collaborative. Mortality of emergency abdominal sur-
gery in high-, middle- and low-income countries. Br J Surg.
2016;103:971-988.

GlobalSurg Collaborative. Pooled analysis of WHO Surgical Safety
Checklist use and mortality after emergency laparotomy. Br J Surg.
2019;106:€103-e112.

GlobalSurg Collaborative and National Institute for Health
Research Global Health Research Unit on Global Surgery. Global
variation in postoperative mortality and complications after cancer
surgery: a multicentre, prospective cohort study in 82 countries.
Lancet. 2021;397:387-397.

Mohpal A, Smith O, Chhabra S. Quality of care in PM-JAY: a first
look at unplanned readmissions and mortality. National Health Au-
thority; 2020. https://pmjay.gov.in/sites/default/files/2020-06/Pol
icy-Brief-7_PMJAY-Readmissions_30-05-20_NHA.pdf.  Accessed
December 9, 2021.

Roy N, Kizhakke Veetil D, Khajanchi MU, et al. Learning from 2523
trauma deaths in India- opportunities to prevent in-hospital deaths.
BMC Health Serv Res. 2017;17:142.

Ng-Kamstra JS, Nepogodiev D, Lawani I, Bhangu A. Perioperative
mortality as a meaningful indicator: challenges and solutions for
measurement, interpretation, and health system improvement.
Anaesth Crit Care Pain Med. 2020;39:673-681.

Ng-Kamstra JS, Greenberg SLM, Kotagal M, et al. Use and defini-
tions of perioperative mortality rates in low-income and middle-
income countries: a systematic review. Lancet. 2015;385(Suppl 2):S29.
Shrime MG, Dare AJ, Alkire BC, O’Neill K, Meara ]G. Catastrophic
expenditure to pay for surgery worldwide: a modelling study. Lancet
Glob Health. 2015;3(Suppl 2):S38-S44.

Lee H-Y, Kim R, Oh ], Subramanian SV. Association between the
type of provider and Cesarean section delivery in India: a socio-
economic analysis of the National Family Health Surveys 1999,
2006, 2016. PLoS One. 2021;16:e0248283.

Singh P, Hashmi G, Swain PK. High prevalence of cesarean sec-
tion births in private sector health facilities- analysis of district level
household survey-4 (DLHS-4) of India. BMC Publ Health.
2018;18:613.

Bhatia M, Banerjee K, Dixit P, Dwivedi LK. Assessment of variation
in cesarean delivery rates between public and private health facil-
ities in India from 2005 to 2016. JAMA Netw Open. 2020;3:
€2015022.

Guilmoto CZ, Dumont A. Trends, regional variations, and socio-
economic disparities in cesarean births in India, 2010-2016. JAMA
Netw Open. 2019;2:190526.

Pandey A, Ploubidis GB, Clarke L, Dandona L. Trends in cata-
strophic health expenditure in India: 1993 to 2014. Bull World
Health Organ. 2018;96:18-28.

Pandey A, Kumar GA, Dandona R, Dandona L. Variations in
catastrophic health expenditure across the states of India: 2004 to
2014. PLoS One. 2018;13:€0205510.

Kastor A, Mohanty SK. Disease-specific out-of-pocket and cata-
strophic health expenditure on hospitalization in India: do Indian
households face distress health financing? PLoS One. 2018;13:
€0196106.

Selvaraj S, Farooqui HH, Karan A. Quantifying the financial
burden of households’ out-of-pocket payments on medicines in
India: a repeated cross-sectional analysis of National Sample Survey
data, 1994-2014. BM] Open. 2018;8:e018020.

Ambade M, Sarwal R, Mor N, Kim R, Subramanian SV. Compo-
nents of out-of-pocket expenditure and their relative contribution to
economic burden of diseases in India. JAMA Netw Open. 2022;5:
€2210040.

www.thelancet.com Vol 13 June, 2023

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

Balasubramanian D, Prinja S, Aggarwal AK. Effect of user charges
on secondary level surgical care utilization and out-of-pocket ex-
penditures in Haryana state, India. PLoS One. 2015;10:e0125202.
Smith ER, Concepcion TL, Mohamed M, et al. The contribution of
pediatric surgery to poverty trajectories in Somaliland. PLoS One.
2019;14:€0219974.

Reidpath DD, Morel CM, Mecaskey JW, Allotey P. The Millennium
Development Goals fail poor children: the case for equity-adjusted
measures. PLoS Med. 2009;6:21000062.

Fatima I, Shoman H, Peters AW, Samad L, Nishtar S. Pakistan’s
National Surgical, Obstetric, and Anesthesia Plan: an adapted
model for a devolved federal-provincial health system. Can J
Anaesth. 2020;67:1212-1216.

Gupta I, Joe W. Refining estimates of catastrophic healthcare
expenditure: an application in the Indian context. Int | Health Care
Finance Econ. 2013;13:157-172.

Reserve Bank of India. Number and percentage of population below
poverty line, handbook of Statistics on Indian economy (Table 162).
RBI Publications: Handbook of Statistics on Indian Economy; 2015.
published online Sept 16 https://www.rbi.org.in/SCRIPTs/
PublicationsView.aspx?id=16603. Accessed February 26, 2021.
Nasta AM, Goel R, Kanagavel M, Easwaramoorthy S. Impact of
COVID-19 on general surgical practice in India. Indian | Surg.
2020;82:259-263.

Jain VK, Upadhyaya GK, Iyengar KP, Patralekh MK, Lal H,
Vaishya R. Impact of COVID-19 on clinical practices during lock-
down: a pan India survey of orthopaedic surgeons. Malays Orthop J.
2021;15:55-62.

Balakrishna P, Singh HK, Kumar NP, Jamir L. Minimally invasive
surgery in India during the COVID-19 pandemic: a survey. | Minim
Access Surg. 2022;18:58-64.

Abate SM, Mantefardo B, Basu B. Postoperative mortality among
surgical patients with COVID-19: a systematic review and meta-
analysis. Patient Saf Surg. 2020;14:37.

Mogharab V, Ostovar M, Ruszkowski ], et al. Global burden of the
COVID-19 associated patient-related delay in emergency health-
care: a panel of systematic review and meta-analyses. Global Health.
2022;18:58.

Kumar O, Srivastava S. Impact of COVID-19 on employment in urban
areas. PRS Legislative Research, India; 2021. published online Sept
https://prsindia.org/theprsblog/impact-of-covid-19-on-unemploy-
ment-in-urban-areas. Accessed September 19, 2022.

Ram K, Yadav S. The impact of COVID-19 on poverty estimates in
India: a study across caste, class and religion. Contemporary Voice of
Dalit; 2021:2455328X2110514.

Directorate General of Health Services, Ministry of Health and Family
Welfare. Indian public health standards (IPHS) guidelines for community
health centres revised 2012. Directorate General of Health Services,
Ministry of Health and Family Welfare, Government of India; 2012.
Kim EK, Dutta R, Roy N, Raykar N. Rural surgery as global surgery
before global surgery. BM] Glob Health. 2022;7. https://doi.org/10.
1136/bmijgh-2021-008222.

Directorate General of Health Services, Ministry of Health and
Family Welfare. Indian public health standards (IPHS) guidelines for
primary health centres revised 2012. Directorate General of Health
Services, Ministry of Health and Family Welfare, Government of
India; 2012. http://nhm.gov.in/images/pdf/guidelines/iphs/iphs-
revised-guidlines-2012/primay-health-centres.pdf. Accessed
August 1, 2022.

Juran S, Moren S, Santhirapala V, et al. The development and in-
clusion of questions on surgery in the 2018 Zambia demographic
and health survey. Glob Health Sci Pract. 2021;9:905-914.

15


http://refhub.elsevier.com/S2772-3682(23)00038-0/sref57
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref57
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref57
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref58
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref58
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref58
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref59
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref59
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref59
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref59
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref59
https://pmjay.gov.in/sites/default/files/2020-06/Policy-Brief-7_PMJAY-Readmissions_30-05-20_NHA.pdf
https://pmjay.gov.in/sites/default/files/2020-06/Policy-Brief-7_PMJAY-Readmissions_30-05-20_NHA.pdf
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref61
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref61
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref61
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref62
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref62
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref62
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref62
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref63
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref63
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref63
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref64
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref64
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref64
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref65
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref65
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref65
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref65
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref66
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref66
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref66
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref66
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref67
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref67
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref67
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref67
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref68
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref68
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref68
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref69
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref69
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref69
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref70
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref70
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref70
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref71
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref71
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref71
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref71
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref72
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref72
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref72
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref72
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref73
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref73
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref73
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref73
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref75
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref75
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref75
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref76
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref76
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref76
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref77
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref77
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref77
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref78
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref78
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref78
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref78
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref79
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref79
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref79
https://www.rbi.org.in/SCRIPTs/PublicationsView.aspx?id=16603
https://www.rbi.org.in/SCRIPTs/PublicationsView.aspx?id=16603
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref74
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref74
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref74
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref81
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref81
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref81
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref81
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref82
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref82
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref82
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref83
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref83
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref83
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref84
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref84
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref84
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref84
https://prsindia.org/theprsblog/impact-of-covid-19-on-unemployment-in-urban-areas
https://prsindia.org/theprsblog/impact-of-covid-19-on-unemployment-in-urban-areas
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref86
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref86
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref86
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref87
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref87
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref87
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref87
https://doi.org/10.1136/bmjgh-2021-008222
https://doi.org/10.1136/bmjgh-2021-008222
http://nhm.gov.in/images/pdf/guidelines/iphs/iphs-revised-guidlines-2012/primay-health-centres.pdf
http://nhm.gov.in/images/pdf/guidelines/iphs/iphs-revised-guidlines-2012/primay-health-centres.pdf
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref90
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref90
http://refhub.elsevier.com/S2772-3682(23)00038-0/sref90
www.thelancet.com/digital-health

	Evaluating the status of the Lancet Commission on Global Surgery indicators for India
	Introduction
	Indicator I: access to timely essential surgery
	Indicator II: specialist surgical workforce density
	Indicator III: surgical volumes
	Indicator IV: perioperative mortality rate
	Indicators V-VI: protection against impoverishing and catastrophic expenditures

	Discussion
	Future research focus
	Policy implications
	Conclusion

	ContributorsStudy concept and design- Siddhesh Zadey, Joao Ricardo Nickenig Vissoci.Acquisition, analysis, or interpretatio ...
	Editor noteThe Lancet Group takes a neutral position with respect to territorial claims in published maps and institutional ...
	Declaration of interests
	References


