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Interpretation:  Probability	
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What  Did  We  Prioritize  In  
Choosing  Proxies?	

1.  Data that is available and accessible  
2.  Meaningful, but conservative, estimate of each dimension 
3.  Conceptually consistent with probability criteria of chance tree 
	  



Proxies For Access  Dimensions	

TIMELINESS

CAPACITY

SAFETY

AFFORDABILITY

Proportion of road traffic injuries that have access to 
ambulance (WHO) 

Met need of surgical care based on surgical procedure volume 
(Bickler,	  Rose,	  Weiser	  et	  al.,	  LCoGS)	  

Proportion of operating rooms with pulse oximetry 
(Funk	  et	  al,	  The	  Lancet	  2010)	  

Proportion of individuals at risk for catastrophic expense 
(Shrime	  et	  al,	  LCoGS)	  



Modeling  Uncertainty	

URBAN AND RURAL ACCESS 
UNCERTAINTY 

Two chance trees 
(Full tree and selective tree) 

PROXY VALIDITY Substitute other proxies 

PARAMETER UNCERTAINTY 
Probabilistic Sensitivity 
Analysis (Monte Carlo 

simulation) 
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how many people worldwide are unable to receive safe, 
timely surgical and anaesthesia care with financial 
protection. We defined access to surgery in a specific 
country by the following four components: existence of 
surgical capacity in terms of workforce and infrastructure; 
ability to obtain surgical and anaesthesia care in a timely 
way; a safe way; and an affordable way.

We constructed a chance tree to model the probability 
that an individual has access to surgery and anaesthesia 
using a binary outcome of access (1) or no access (0).25 Each 
chance node represented the probability of an access 
dimension being available to an individual patient 
conditional on the previous dimensions. Raw data for each 
dimension were not widely available so proxy measures 
were used. We assessed timeliness (first dimension) by the 
proportion of serious injuries transported by ambulance,26 
surgical capacity (second dimension) by the number of 
surgical procedures undertaken in a country as a 
proportion of number of surgeries needed,27 safety (third 
dimension) by the proportion of operating rooms with 
pulse oximetry,8 and affordability (fourth dimension) by 
the proportion of patients undergoing surgery who do not 
experience catastrophic expenditure.28

Since access most likely varies between urban and 
rural populations, we did a secondary analysis25 (selective 

tree) in which all four dimensions were applied to rural 
populations, but only the third and fourth dimensions 
(safety and affordability) were applied to urban 
populations to create a lower bound estimate. The 
application of all four dimensions to the entire population 
is termed the full tree and is an upper bound estimate. A 
full discussion of the methods can be found in the 
accompanying paper.”25

The selective and full trees show that 4·8 billion 
(95% posterior credible interval [PCI] 4·5–5·0) and 
5·3 billion (5·0−5·5) people, respectively, do not have 
access to safe, timely surgical and anaesthesia care when 
needed with financial protection, and most of these 
people reside in the poorest regions of the world. In 
countries designated as low-income and lower-middle-
income countries by the world bank, the selective tree 
estimates that 94% of the population does not have 
access to safe surgical and anaesthesia care that is timely 
and affordable, compared with 14·9% of the population 
in high-income countries. When results from the 
selective tree are stratified by IHME super-region, 93% of 
the population in sub-Saharan Africa and 97% of the 
population in South Asia do not have access, compared 
with 3·6% in higher-income regions (figure 2). These 
numbers are large but not unexpected considering that 

Figure 2: Proportion of the population without access to safe, affordable surgery and anaesthesia by Institute for Health Metrics and Evaluation region (selective tree)25,29

Proportion of population without access to surgery
0% 100%

midpoint
at 65%

midpoint
at 75%

Grads showing
more ‘pink’

The Lancet Commissions

8 www.thelancet.com  

how many people worldwide are unable to receive safe, 
timely surgical and anaesthesia care with financial 
protection. We defined access to surgery in a specific 
country by the following four components: existence of 
surgical capacity in terms of workforce and infrastructure; 
ability to obtain surgical and anaesthesia care in a timely 
way; a safe way; and an affordable way.

We constructed a chance tree to model the probability 
that an individual has access to surgery and anaesthesia 
using a binary outcome of access (1) or no access (0).25 Each 
chance node represented the probability of an access 
dimension being available to an individual patient 
conditional on the previous dimensions. Raw data for each 
dimension were not widely available so proxy measures 
were used. We assessed timeliness (first dimension) by the 
proportion of serious injuries transported by ambulance,26 
surgical capacity (second dimension) by the number of 
surgical procedures undertaken in a country as a 
proportion of number of surgeries needed,27 safety (third 
dimension) by the proportion of operating rooms with 
pulse oximetry,8 and affordability (fourth dimension) by 
the proportion of patients undergoing surgery who do not 
experience catastrophic expenditure.28

Since access most likely varies between urban and 
rural populations, we did a secondary analysis25 (selective 

tree) in which all four dimensions were applied to rural 
populations, but only the third and fourth dimensions 
(safety and affordability) were applied to urban 
populations to create a lower bound estimate. The 
application of all four dimensions to the entire population 
is termed the full tree and is an upper bound estimate. A 
full discussion of the methods can be found in the 
accompanying paper.”25

The selective and full trees show that 4·8 billion 
(95% posterior credible interval [PCI] 4·5–5·0) and 
5·3 billion (5·0−5·5) people, respectively, do not have 
access to safe, timely surgical and anaesthesia care when 
needed with financial protection, and most of these 
people reside in the poorest regions of the world. In 
countries designated as low-income and lower-middle-
income countries by the world bank, the selective tree 
estimates that 94% of the population does not have 
access to safe surgical and anaesthesia care that is timely 
and affordable, compared with 14·9% of the population 
in high-income countries. When results from the 
selective tree are stratified by IHME super-region, 93% of 
the population in sub-Saharan Africa and 97% of the 
population in South Asia do not have access, compared 
with 3·6% in higher-income regions (figure 2). These 
numbers are large but not unexpected considering that 

Figure 2: Proportion of the population without access to safe, affordable surgery and anaesthesia by Institute for Health Metrics and Evaluation region (selective tree)25,29

Proportion of population without access to surgery
0% 100%

midpoint
at 65%

midpoint
at 75%

Grads showing
more ‘pink’



0%	  

10%	  

20%	  

30%	  

40%	  

50%	  

60%	  

70%	  

80%	  

90%	  

100%	  

High-‐income	   LaKn	  America	  
and	  Caribbean	  

Central	  Europe,	  
Eastern	  Europe,	  
and	  Central	  Asia	  

North	  Africa	  
and	  Middle	  East	  

Southeast	  Asia,	  
East	  Asia,	  and	  

Oceania	  

Sub-‐Saharan	  
Africa	  

South	  Asia	  

Region	  

Full	  Tree	   SelecKve	  Tree	  



4.8 

4.69 

4.66 

4.27 

3.61 

Ex
cl

ud
e 

Baseline Timely Capacity Safety Affordable 

Results  Robust  To  Sensitivity  Analysis	



Conclusions	

•  At least 4.8 billion are without access to surgical care 
•  Burden falls most heavily on the world’s poor 
•  Scale-up requires coordinated, multifaceted approach 
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MORE THAN 2 BILLION LACK 
ADEQUATE ACCESS TO SURGICAL CARE 

Funk, Weiser, Berry, Lipsitz, Merry, Enright, Wilson, Dziekan, Gawande 
The Lancet, 2010 




