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OPEN

What do we know about
 this problem?
No published current data comparing the 
different pharmacological techniques 
for general anesthesia maintenance are 
available in Colombia.

 

What is new about this study?
This study provides updated information to 
allow informed decision-making based on  
cost differences among the various general 
anesthesia techniques in Colombia.
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Introduction: Healthcare costs are increasing against the backdrop of scarce resources. 
Surgical procedures are an important part of healthcare spending, and the cost of anesthetic 
techniques is relevant as part of the total cost of care and it is a potential target for 
expenditure optimization. Although important economic differences have been reported 
internationally for general anesthesia options, there are no publications in Colombia that 
compare current costs and allow for informed and financially responsible decision-making. 

Objective: To quantify and compare direct costs associated with the various general anesthesia 
options most frequently used at the present time. 

Methods:  Cost minimization analysis based on a theoretical model of balanced general 
anesthesia using isoflurane, sevoflurane, desflurane in combination with remifentanil, and 
TIVA (propofol and remifentanil). Initial results were obtained using  a deterministic simulation 
method and a sensitivity analysis was performed using a Monte Carlo simulation.  

Results: The average total cost per case for the different anesthetic techniques was COP 126381 
for sevoflurane, COP 97706 for isoflurane, COP 288605 for desflurane and COP 222 960 for TIVA. 

Conclusions: Balanced general anesthesia with desflurane is the most costly alternative, 1.2 
times more expensive than TIVA, and 2 and 3 times more costly than balanced anesthesia with 
sevoflurane and isoflurane, respectively. TIVA ranks second with a cost 1.8 times higher than 
balanced anesthesia with sevoflurane and 2.5 times higher than balanced anesthesia with 
isoflurane. 

Keywords: Cost and cost analysis; Anesthesia, general; Anesthesia, intravenous; Balanced 
anesthesia; Drug cost; Economics.
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INTRODUCTION

Every year, 313 million major surgical 
procedures are performed worldwide (1). In 
2012, 5.1 million surgeries were carried out 
in Colombia (2) and all of these procedures 
required one form of anesthetic technique 
or another. This is of particular relevance 
considering that health sector demand 
and spending are the fastest growing 
items in the world economy (3), with global 
spending amounting to USD 8.3 trillion 
(equal to 10% of the world gross domestic 
product [GDP]) and per capita spending 
amounting to USD 1,080, with a growth 
of 3.9% per year, even higher than the 3% 
world economic growth (4). In the specific 
case of Colombia, the cost of health care 
accounts for 7% of the GDP, ranking second 
as the highest public expenditure after 
debt service (5). For 2012, per capita health 
spending in Colombia was USD 530 (6).

In Colombia and in the world, 
fulfillment of health system missions is up 

against an economy of limited resources 
and disproportionate increases in demand 
(7). Healthcare is based on decision-
making, and every decision is tied to 
resource allocation to a specific option, at 
the expense of various other possibilities. 
This choice in a shortage scenario creates 
opportunity cost, understood as loss of 
benefits when a particular resource is 
chosen (8). In healthcare, decision-making 
goes beyond clinical considerations, 
impacting also economic aspects that affect 
the entire system. For this reason, choice in 
health should always be based on the best 
cost-benefit ratio, namely, one in which the 
best possible return on resources is obtained 
while maintaining quality care (9). 

This research is conducted within 
the framework of adult patients taken 
to surgery under general anesthesia, a 
scenario which requires selecting among 
different anesthetic techniques with 
the ultimate goal of ensuring optimal 
conditions for undertaking the surgical 
procedure and highest safety for the 

patient. The cost of the anesthetic practice 
accounts for 5% of the entire cost of patient 
care in surgery (10); when multiplied by the 
total number of procedures performed over 
time, this percentage results in a significant 
total cost  (11). 

A non-systematic review of the literature 
conducted in 2003 reported that, in 
England, the cost of TIVA (Total Intravenous 
Anesthesia) was 1.7 to 4 times higher than 
general anesthesia with isoflurane, 2.5 
to 4 times higher than anesthesia with 
desflurane, and 1.3 to 3.8 times higher 
than anesthesia with sevoflurane (12). 
In 2005, a cost-effectiveness economic 
review of a randomized clinical trial in 
Colombia reported a cost per minute of 
USD 0.095 for isoflurane, USD 0.17 for 
sevoflurane and USD 0.2 for desflurane 
(13). In 2008, a cost minimization analysis 
of a randomized clinical trial carried out in 
Serbia reported a cost per case of EUR 17.4 
for balanced anesthesia and EUR 22.1 for 
TIVA (14). In 2014, a systematic review with 
meta-analysis compared balanced general 

Introducción: Los costos de la atención en salud son crecientes y se enfrentan a un escenario de recursos escasos. La realización de procedi-
mientos quirúrgicos hace parte importante de la atención y del gasto en salud, el costo de las técnicas anestésicas utilizadas es relevante en 
el costo total de la atención y es un objetivo potencial para la optimización del gasto. Aunque a escala internacional se han reportado dife-
rencias económicas importantes entre las alternativas para anestesia general, en Colombia no se cuenta con publicaciones que comparen 
los costos actuales y permitan una toma de decisiones informada y responsable económicamente.

Objetivo: Cuantificar y comparar los costos directos para Colombia de las diferentes alternativas para anestesia general usadas con más 
frecuencia en la actualidad.

Métodos: Análisis de minimización de costos basado en un modelo teórico de anestesia general balanceada con isoflurano, sevoflurano, 
desflurano en combinación con remifentanilo y TIVA (propofol y remifentanilo). Se obtuvieron resultados iniciales utilizando una simula-
ción con un método determinista y se realizó un análisis de sensibilidad con una simulación de Montecarlo.

Resultados: El costo total promedio por caso para las diferentes técnicas anestésicas fue de COP 126.381 para sevoflurano, COP 97.706 para 
isoflurano, COP 288.605 para desflurano y COP 222.960 para TIVA. 

Conclusiones: La anestesia general balanceada con desflurano es la alternativa de mayor costo, es 1,2 veces más costosa que la TIVA, y 2 y 3 
veces más que la balanceada con sevoflurano e isoflurano, respectivamente. La TIVA ocupa el segundo lugar con un costo 1,8 veces superior 
a la balanceada con sevoflurano y 2,5 veces a la balanceada con isoflurano.  

Palabras clave: Costos y análisis de costo; Anestesia general; Anestesia intravenosa; Anestesia balanceada; Costo de los medicamentos; 
Costo de oportunidad. 

Resumen



3 /10c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 2 ; 5 0 : e 1 0 2 1 .

anesthesia and TIVA in outpatient surgery 
in a pediatric population, and described 
that TIVA was more costly than balanced 
anesthesia, with a mean difference per case 
of USD 11.29 (95% CI USD 8.62-USD 13.96), 
and high heterogeneity (I2 = 86%) (15). In 
2015, a cost minimization analysis based 
on a retrospective study in China concluded 
that there was no significant cost difference 
between balanced anesthesia with 
sevoflurane/remifentanil and TIVA (16). In 
2018, a cost-effectiveness study based on 
a randomized clinical trial conducted in 
Hungary reported a cost per hour of EUR 
12.15 for balanced anesthesia and EUR 22.11 
for TIVA in otolaryngological surgery (17).

The results of the reviewed studies 
varied due to drug prices depending 
on unique market characteristics and 
variations at different time points and 
places. The particular conditions of each 
market, and the resulting heterogeneity, 
make it difficult to extrapolate the results 
of one study to a different context (in time 
and place), as external validity is limited 
because direct extrapolation to other 
countries, contexts or historical moments 
is impaired. The objective of this economic 
review is to quantify  and compare direct 
costs for Colombia of the different options 
most frequently used for general anesthesia 
at the present time in the country, such 
as balanced general anesthesia with 
isoflurane, sevoflurane and desflurane (in 
combination with remifentanil) and total 
intravenous anesthesia (TIVA).

METHODS 

A cost minimization analysis was conducted 
(18-23) on the basis of a theoretical 
model of balanced general anesthesia 
with isoflurane, sevoflurane, desflurane 
combined with remifentanil, and TIVA 
(propofol and remifentanil). This economic 
assessment method was chosen because 
the results of the non-systematic literature 
review carried out by the authors showed no 
differences for the main clinical outcomes 
in terms of safety and effectiveness of 

the anesthetic techniques, except for 
postoperative nausea and vomiting (24-37). 
This condition of relatively similar outcomes 
associated with the various techniques 
reviewed made the direct cost comparison 
among the anesthetic techniques possible. 
The main variables impacting the final cost 
of the four anesthetic techniques were then 
defined based on the economic analyses 
published on this topic (11,12,14-17,38-42), 
allowing a cost minimization analysis using 
a micro-costing technique (43). Indirect 
costs or costs associated with workforce 
productivity were not included in the 
methodological design of this study.

The variables to be included were 
defined as differential or non-differential 
cost, according to their role in standard 
administration of general anesthesia, 
and differential-cost variables, i.e., those 
whose value changes according to patient 
condition, the length of the surgical 
intervention and the type of anesthesia, 
were included. Non-differential cost 
variables whose costs remain unchanged 
regardless of the type of patient, operation 
or anesthesia, were excluded (15,44).

Variables selected for differential cost 
calculation included length of the surgery, 
patient weight, consumption in milliliters 
of the halogenated anesthetic, the hourly 
dose of remifentanil and propofol, cost of 
hospital pharmacy services (administrative 
roles) and cost of the BIS electrode. Price 
ranges were determined for all medications 
and devices based on a search in the 
domestic market (45).

The use of formulas was selected over 
all other strategies used for estimating the 
consumption of the halogenated anesthetic 
such as measurement of the vaporizer 
volume or weight measurement before and 
after anesthesia. The main reason was the 
theoretical nature of this research (12). The 
literature search yielded three formulas, 
the first one proposed by Loke and Shearer 
in 1993 (46), the second by Nakada in 2010 
(42) and the third by Biro in 2014 (47). The 
Biro formula was selected over the other 
two because it was designed to be used in 
pharmacoeconomic  studies and because it 

is backed by the strongest arguments  and 
has been used in the largest number of 
studies (26,48-50).

To determine anesthetic doses, a search 
was conducted in the literature of the  mean 
site-effect concentrations for a range of 
various surgical stimuli (51-54). An effect 
site concentration of 6-7 ng/mL was used 
during intubation, with an initial bolus of 
2-3 µg/kg, and 2-5 ng/mL for maintenance 
at an infusion rate of 0.1 to 0.2 µg/kg/
min (55-57). For propofol, the effect site 
concentration was 4 µg/mL for induction 
and 3 µg/mL for maintenance, resulting in 
2-3 mg/kg for induction and 6-8 mg/kg/h for 
maintenance (28,29,51).

Modeling of different scenarios was 
initially done in Microsoft Excel® (2013), 
simulating balanced general anesthesia 
administration (either with sevoflurane, 
desflurane or isoflurane) and TIVA with 
propofol and remifentanil. The cost of each 
vial used was taken into consideration when 
assessing the cost of each of the intravenous 
drugs such as propofol and remifentanil, 
regardless of whether it was used in full 
(58); in contrast, the cost of halogenated 
gases was calculated by milliliter.  The sale 
price of the drugs made available to the 
public by the Health Ministry was used (59). 

After completing this deterministic 
analysis, a Monte Carlo simulation was 
run using the @Risk software, simulating 
100,000 simultaneous scenarios for each of 
the four options. Variables were combined 
and assigned a random value within a 
pre-determined range, using a triangular 
data distribution for all the variables. 
This distribution was used because of the 
paucity of data on the distribution of the 
variable values in actual scenarios in the 
Colombian setting (reflected in the absence 
of publications on this topic in the medical 
literature) and because of its versatility 
for modeling distributions characterized 
by two extreme points and one probable 
point, as is the case of the variables 
selected for this modeling (60). The gamma 
distribution was used in the time variable 



c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 2 ; 5 0 : e 1 0 2 1 . 4 /10

Table 1. Parameters used for the Monte Carlo simulation.

BIS: bi-spectral index; COP: Colombian Peso; FGF: fresh gas flow; Kg: kilogram; MAC: Minimum alveolar concentration; Mg: milligrams.
Source:  Authors.

Variable Minimum Most probable Maximum Distribution

Patient weight (kg) 45 70 120 Triangular

Pharmacy cost 10 % 15 % 20 % Triangular

Infusion equipment COP 15,000 COP 30,000 COP 35,000 Triangular

BIS electrode COP 30,000 COP 40,000 COP 60,000 Triangular

Remifentanil price COP 6,000 COP 10,000 COP 35,000 Triangular

Propofol price COP 800 COP 8,000 COP 26,000 Triangular

Price of isoflurane bottle COP 41,600 COP 99,030 COP 443,895 Triangular

Price of sevoflurane bottle COP 250,000 COP 400,000 COP 600,000 Triangular

Price of desflurane bottle COP 490,000 COP 560,000 COP 800,000 Triangular

MAC, first hour 1 1.2 1.3 Triangular

FGF, 1 hour 1.5 2 2.5 Triangular

MAC, maintenance 0.6 0.7 0.8 Triangular

FGF, maintenance 0.6 1 1.2 Triangular

Remifentanil 1h µg/kg/min 0.18 0.2 0.4 Triangular

Remifentanil, Maintenance µg/kg/min 0.135 0.18 0.2 Triangular

Propofol bolus mg/kg 0.5 1.2 3 Triangular

Propofol bolus 1 h mg/kg/h 4 6 8 Triangular

Propofol, Maintenance mg/kg/h 3 5 6 Triangular

Hour 1 3.7 12 (infinite) Gamma

(Table 1) (61). Variance contribution was 
used when analyzing the results (62). 

No patient data were used for this 
study at any time. For this reason, from 
the ethical standpoint and under the 
Colombian legislation, it was classified as 
a low risk study not requiring the approval 
of a research ethics committee. In order 
to ensure appropriate and complete 
reporting, this economic study adheres 
to the international guidelines of the 
Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS).

RESULTS

The results derived from the deterministic 
model based on an average case of a 70 
kg adult patient were as follows: cost for 
the first hour of COP 65,157 for balanced 
anesthesia with isoflurane, COP 80,047 for 
sevoflurane, COP 145,100 for TIVA and COP 
171,300 COP for desflurane. At 6 hours, the 
cost was COP 111,115 for balance anesthesia 
with isoflurane, COP 147,721 for sevoflurane, 
COP 207,800 for TIVA and COP 370,050 for 
desflurane (Figure 1).

The results of the probabilistic method 
using the Monte Carlo simulation were as 
follows: total average cost for anesthesia 
with sevoflurante of COP 126,381, the 
minimum being COP 60,962 and the 
maximum COP 474,271; for anesthesia with 
isoflurane, the total cost was COP 97.706, 
ranging between a minimum of COP 52,693 
and a maximum of COP 363,439; and for 
anesthesia with desflurane, the average 
cost was COP 288,605, with a minimum 
of COP 119.037 and a maximum of COP 
1,208,667. For TIVA, the average cost was 
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Figure 1. Total cost/hour, deterministic method.

Table 2. Cost of anesthetic techniques.

Figure 2. Costs of anesthetic techniques.

COP: Colombian Pesos; DESF: Desflurane; ISO: Isoflurane; SEVO: Sevoflurane.

COP: Colombian Pesos.

COP: Colombian Pesos; DESF: Desflurane; ISO: Isoflurane; SEVO: Sevoflurane.

COP 222,960, ranging between a minimum 
of COP 115,806 and a maximum of COP 
1,174,901 (Table 2, Figure 2).

In terms of the variables with the 
highest impact on cost according to the 
variance for sevoflurane in the first hour, 
the highest impact was found for the price 
of remifentanil, the price of propofol and 
the price of the sevoflurane bottle; and at 
six hours, the highest impact was found for 
the price of remifentanil, the price of the 
sevoflurane bottle and patient weight. For 
isoflurane, the variables with the highest 
impact were the price of remifentanil, 
the price of propofol and the price of the 
infusion equipment for the first hour and, 
for the sixth hour, the price of remifentanil, 
patient weight and the price of propofol.  
For desflurane in the first hour, the variables 
were the price of the desflurane bottle, 
fresh gas flow and the price of remifentanil 
and, for the sixth hour, the price of the 
desflurane bottle, the price of remifentanil, 
and fresh gas flow. For TIVA in the first hour, 
the variables were the price of propofol, 
patient weight and the price of the infusion 
equipment and, for the sixth hour, the price 
of propofol, patient weight and the price of 
remifentanil (Figure 3).

When the total average cost of TIVA was 
compared with balanced anesthesia with 
sevoflurane, the probability density showed 
that, in 99.9% of cases, TIVA was more 
costly, with a total average cost of 177% of 
the cost of anesthesia with sevoflurane. 
When comparing the total average cost 
of TIVA versus balanced anesthesia with 
desflurane, the probability density showed 
that, in 78.2% of cases, TIVA was less costly 
than balanced anesthesia with desflurane, 
with a mean of 79% of the cost of anesthesia 
with desflurane. When comparing the 
total average cost of TIVA versus balanced 
anesthesia with isoflurane, the probability 
density showed that, in 100% of cases, TIVA 
was more costly than balanced anesthesia 
with isoflurane, with a mean of  228% of the 
cost of isoflurane anesthesia.

When the total average cost of 
balanced anesthesia with desflurane was 
compared with sevoflurane, the probability 

Anesthetic technique Average cost in thou-
sand COP (90% CI)

Minimum cost in 
thousand COP

Maximum cost 
in thousand 

COP
Balanced with isoflurane 97 (67-147) 52 363

Balanced with sevoflurane 126 (83-196) 60 474

Balanced with desflurane 288 (180-473) 119 1,208

TIVA 222 (148-355) 115 1,174

Source:  Authors.

Source:  Authors.

Source:  Authors.
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density showed that, in 100% of cases, the 
desflurane-based technique was more 
costly than the technique with sevoflurane, 
with a mean of 218% of the cost of 
sevoflurane for the desflurane technique. 
When comparing the total average cost of 
balanced anesthesia with desflurane versus 
TIVA, the probability density showed that, 
in 78.6% of cases, the desflurane-based 
technique was more costly than TIVA, with 
a mean of 122% of the cost of TIVA for the 
desflurane technique. When comparing 
the total average cost of balanced 
anesthesia with desflurane versus balanced 
anesthesia with isoflurane, the probability 
density showed that, in 100% of cases, the 
desflurane-based technique  was more 
costly than the isoflurane technique, with a 
mean of 303% of the cost of the isoflurane-
based technique for the desflurane 
technique.

DISCUSSION

The results of this economic model lead to 
the assertion that, by late 2020 in Colombia, 
the cost of balanced general anesthesia 

with desflurane was the highest, with 
an average cost (for 100,000 simulated 
scenarios) 1.2 times higher than TIVA, 2 
times higher than balanced anesthesia 
with sevoflurane and 3 times higher than 
balanced anesthesia with isoflurane. TIVA 
was second only after balanced general 
anesthesia with desflurane, 1.8 times 
more costly than balanced anesthesia with 
sevoflurane, and 2.5 times more costly than 
balanced anesthesia with isoflurane.   

The variables with the highest impact 
on the cost of each type of anesthesia vary. 
This knowledge is of the utmost importance 
when considering cost reduction strategies 
because it helps focus efforts on the 
variables with the highest contribution to 
cost. For anesthesia with desflurane, the 
price of desflurane, the price of remifentanil 
and maintenance fresh gas flow (FGF) have 
the highest impact; for TIVA, the variables 
with the highest impact are the price of 
propofol, patient weight and the price 
of remifentanil; for sevoflurane-based 
anesthesia, remifentanil and sevoflurane 
prices, and patient weight have the 
highest impact; and for isoflurane-based 
anesthesia, variables with the highest 

impact are the price of remifentanil, patient 
weight, and the price of propofol.

The comparison between the different 
anesthetic techniques shows significant 
cost differences. Although anesthesia costs 
appear to be negligible when compared 
with the total cost of patient care, multiplied 
by a large number of cases they are quite 
significant. As a variable to be taken into 
consideration when selecting an anesthetic 
technique, cost has an impact not only in the 
form of immediate cost savings or increases 
for a hospital or a health system, but also 
as money that could be used to cover other 
healthcare needs, such as serving a larger 
number of patients, improving workforce 
salaries, improving infrastructure, etc. 
This would enable the achievement of the 
“quadruple goal” (63) proposal for high 
quality and value care, namely, best health 
outcomes, greater patient satisfaction, 
lower costs, and enhanced provider and 
healthcare team experience.

Comparisons between this study and 
other studies published in the literature 
revealed methodological heterogeneity. 
However, there are other economic analyses 
based on retrospective studies, randomized 

Figura 3. Costos de técnicas anestésicas.

Fuente: Autores.
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clinical trials and simulations of varying 
sizes, although significantly smaller than 
this study. In terms of results, the main 
difference found was that total intravenous 
anesthesia is not the most costly option, 
while balanced general anesthesia with 
desflurane is. Like other studies comparing 
balanced general anesthesia with 
isoflurane against any other technique, this 
study found that this modality was the least 
costly in all the simulated scenarios.

The strengths of this study include the 
validity of its results for Colombia, because 
the data came from the domestic context 
and covered a wide range of prices and 
values for the variables. It is an innovative 
study, given that no other study covering 
the topic of price differences among 
the various types of general anesthesia  
available or using a methodology like the 
one used in this study was found in the 
literature. Another strength related to 
the methodology is the soundness and 
consistency of the results, which were 
maintained even after conducting the 
sensitivity analysis with the probabilistic 
method.

This study has limitations. Given that 
it is a model-based study, no patients or 
real scenarios were used, and its results 
are limited to the variables included and 
the range of values assigned to those 
variables. Although the values are based 
on the available data, they do not cover the 
total universe of scenarios that can occur 
in reality due to contingencies, including 
drug shortages or significant market price 
variations, as has been the case during 
the COVID-19 pandemic. This study did 
not include indirect costs or workforce 
productivity-related costs, topics which 
could be assessed in future studies.

CONCLUSION

Using the economic model built for this 
research in the scenario of adult patients 
undergoing non-cardiac surgery under 
general anesthesia in Colombia, significant 
differences in the total cost of the various 

anesthetic techniques were identified. 
The least costly technique was balanced 
anesthesia with isoflurane, followed by 
balanced anesthesia with sevoflurane, 
total intravenous anesthesia and, finally, 
balanced anesthesia with desflurane. 
It behoves the reader to interpret this 
information as a basis for informed decision-
making in order to determine whether the 
cost of selecting one anesthetic technique 
over another is worth considering.

ETHICAL DISCLOSURES 

Ethics committee approval

No patient data were used for this study at 
any time. For this reason, from the ethical 
standpoint and under the Colombian 
legislation, it was classified as a low risk 
study not requiring the approval of a 
research ethics committee.

Protection of human and 
animal subjects

The authors declare that no experiments 
were performed on humans or animals for 
this study. 

Confidentiality of data

No patient data were used for this study at 
any time.

Right to privacy and informed consent

No patient data were used for this study at 
any time.  

ACKNOWLEDGEMENTS

Authors’ contributions 

JCGF. Study planning, data collection, 
interpretation of the results, and drafting 
of the manuscript.

DARV. Study planning, data collection, 
interpretation of the results, data analysis 
and drafting of the manuscript.
CGA. Interpretation of the results, and 
drafting of the manuscript.

Assistance for the study 

None declared. 

Financial support and sponsorship

This study was fully funded by the authors 
with no financing from public or private 
organizations. 

Conflict of interest

We declare that none of the authors has a 
conflict of interest.

Submissions

None declared.

Appreciation

None declared.

REFERENCES

1.  Meara JG, Leather AJM, Hagander L, Alkire 
BC, Alonso N, Ameh EA, et al. Global Surgery 
2030: evidence and solutions for achieving 
health, welfare, and economic develop-
ment. Lancet Lond Engl. 2015;386(9993):569-
624. doi: http://www.doi.org/10.1016/j.
ijoa.2015.09.006

2.  Weiser TG, Regenbogen SE, Thompson KD, 
Haynes AB, Lipsitz SR, Berry WR, et al. An 
estimation of the global volume of surgery: a 
modelling strategy based on available data. 
The Lancet. 2008;372(9633):139-44. doi: http://
www.doi.org/10.1016/S0140-6736(08)60878-8

http://www.doi.org/10.1016/j.ijoa.2015.09.006 
http://www.doi.org/10.1016/j.ijoa.2015.09.006 
http://www.doi.org/10.1016/j.ijoa.2015.09.006 
http://www.doi.org/10.1016/S0140-6736(08)60878-8
http://www.doi.org/10.1016/S0140-6736(08)60878-8


c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 2 ; 5 0 : e 1 0 2 1 . 8 /10

3.  Organisation for Economic Cooperation and 
Development (OECD). Gasto en salud per 
cápita y en relación al PIB. Panorama de la 
Salud: Latinoamérica y el Caribe 2020. OECD 
iLibrary [Internet]. [cited: 2020 Nov.14]. Avai-
lable at: https://www.oecd-ilibrary.org/sites/
b01ad37f-es/index.html?itemId=/content/
component/b01ad37f-es

4.  World Health Organization. Global spending 
on health: a world in transition. 2019 [cited: 
2021 Jan. 7]. Available at: https://apps.who.
int/iris/handle/10665/330357

5.  Gutiérrez SC, Bardey D. El sistema de salud 
colombiano en las próximas décadas: cómo 
avanzar hacia la sostenibilidad y la calidad en 
la atención. Debates Presidenciales 2018. Bo-
gotá: La Imprenta Editores S.A.; 2018.

6.  Weiser TG, Haynes AB, Molina G, Lipsitz SR, 
Esquivel MM, Uribe-Leitz T, et al. Size and 
distribution of the global volume of surgery 
in 2012. 2016;94:201–9F. doi:  http://www.doi.
org/10.2471/BLT.15.159293

7.  Malthus TR. Ensayo sobre el principio de la 
población. Madrid: L. González; 1846. 

8.  Palmer S, Raftery J. Opportunity cost. BMJ. 
1999;318(7197):1551-2. doi: http://www.doi.
org/10.1136/bmj.318.7197.1551

9.  McCaffrey M. Introduction: The Economic 
Theory of Costs in Perspective [Internet]. Ro-
chester, NY: Social Science Research Network; 
2017 oct [cited: 2020 Nov. 14]. Report No.: ID 
3058651. Available at: https://papers.ssrn.
com/abstract=3058651

10. Macario A, Vitez T, Dunn B, McDonald T. Whe-
re are the costs in perioperative care?: Analy-
sis of hospital costs and charges for inpatient 
surgical care. Anesthesiol J Am Soc Anesthe-
siol. 1995;83(6):1138-44. doi: http://www.doi.
org/10.1097/00000542-199512000-00002

11. Rinehardt EK, Sivarajan M. Costs and was-
tes in anesthesia care. Curr Opin Anaesthe-
siol. 2012;25(2):221-5. doi: http://www.doi.
org/10.1097/ACO.0b013e32834f00ec

12. Smith I. Total intravenous anaesthesia: is it 
worth the cost? CNS Drugs. 2003;17(9):609-19. 
doi: http://www.doi.org/10.2165/00023210-
200317090-00001

13. Calderón EL, García LM, Meléndez HJ. Tiem-
pos de recuperación y costos en cirugía ambu-
latoria, utilizando diferentes técnicas anesté-

sicas. Ensayo clínico controlado. Colombian 
Journal of Anesthesiology. 2005;33(4):237-44.

14. Stevanovic PD, Petrova G, Miljkovic B, Sce-
panovic R, Perunovic R, Stojanovic D, et al. 
Low fresh gas flow balanced anesthesia ver-
sus target controlled intravenous infusion 
anesthesia in laparoscopic cholecystectomy: 
a cost-minimization analysis. Clin Ther. 
2008;30(9):1714-25.doi: http://www.doi.or-
g/10.1016/j.clinthera.2008.09.009

15. Kumar G, Stendall C, Mistry R, Gurusamy K, 
Walker D. A comparison of total intravenous 
anaesthesia using propofol with sevoflurane 
or desflurane in ambulatory surgery: syste-
matic review and meta-analysis. Anaesthe-
sia. 2014;69(10):1138-50. doi: http://www.doi.
org/10.1111/anae.12713

16. Hu J, He Z. Cost of general anesthesia during 
radical gastrectomy using different specifica-
tions of propofol: cost-minimization analyses. 
Int J Clin Exp Med. 2015;8(11):21266-78. PMID: 
26885066

17. Bocskai T, Loibl C, Vamos Z, Woth G, Molnar T, 
Bogar L, et al. Cost-effectiveness of anesthesia 
maintained with sevoflurane or propofol with 
and without additional monitoring: a pros-
pective, randomized controlled trial. BMC 
Anesthesiol. 2018;18(1):100. doi: http://www.
doi.org/10.1186/s12871-018-0563-z

18. Centers for Disease Control and Prevention, 
Office of the Associate Director for Policy and 
Strategy. Economic Evaluation Overview [In-
ternet]. 2019 [cited: 2019 Nov. 21]. Available 
at: https://www.cdc.gov/policy/polaris/econo-
mics/index.html

19. Briggs A. Handling uncertainty in economic 
evaluation. BMJ. 1999;319(7202):120.

20. Weinstein MC, Stason WB. Foundations of 
cost-effectiveness analysis for health and me-
dical practices. N Engl J Med. 1977;296(13):716-
21. doi: http://www.doi.org/10.1056/
NEJM197703312961304.

21. Rowe WL. Economics and anaesthesia. Anaes-
thesia. 1998;53(8):782-8. doi: http://www.doi.
org/10.1046/j.1365-2044.1998.00469.x

22. Goodacre S, McCabe C. An introduction 
to economic evaluation. Emerg Med J. 
2002;19(3):198-201. doi: http://www.doi.
org/10.1136/emj.19.3.198

23. Newby D, Hill S. Use of pharmacoeconomics 

in prescribing research. Part 2: cost-mini-
mization analysis – when are two therapies 
equal? J Clin Pharm Ther. 2003;28(2):145-
50. doi: http://www.doi.org/10.1046/j.1365-
2710.2003.00455.x

24. Uhlig C, Bluth T, Schwarz K, Deckert S, Hein-
rich L, Hert SD, et al. Effects of volatile anes-
thetics on mortality and postoperative pul-
monary and other complications in patients 
undergoing surgerya systematic review and 
meta-analysis. Anesthesiol J Am Soc Anesthe-
siol. 2016;124(6):1230-45. doi: http://www.doi.
org/10.1097/ALN.0000000000001120

25. Yoo S, Lee H-B, Han W, Noh D-Y, Park S-K, 
Kim WH, et al. Total intravenous anesthesia 
versus inhalation anesthesia for breast cancer 
surgery: a retrospective cohort study. Anes-
thesiology. 2019;130(1):31-40. doi: http://www.
doi.org/10.1097/ALN.0000000000002491

26. Wigmore TJ, Mohammed K, Jhanji S. Long-
term survival for patients undergoing volatile 
versus IV anesthesia for cancer surgerya retros-
pective analysis. Anesthesiol J Am Soc Anes-
thesiol. 2016;124(1):69-79. doi: http://www.
doi.org/10.1097/ALN.0000000000000936

27. Miller D, Lewis SR, Pritchard MW, Scho-
field Robinson OJ, Shelton CL, Alderson P, 
et al. Intravenous versus inhalational main-
tenance of anaesthesia for postoperative 
cognitive outcomes in elderly people under-
going non-cardiac surgery. Cochrane Data-
base Syst Rev. 2018;(8). doi: http://www.doi.
org/10.1002/14651858.CD012317.pub2

28. Qiu Q, Choi SW, Wong SSC, Irwin MG, Che-
ung CW. Effects of intra-operative mainte-
nance of general anaesthesia with propofol 
on postoperative pain outcomes - a systema-
tic review and meta-analysis. Anaesthesia. 
2016;71(10):1222-33. doi: http://www.doi.
org/10.1111/anae.13578

29. Gao W-W, He Y-H, Liu L, Yuan Q, Wang 
Y-F, Zhao B. BIS Monitoring on intraopera-
tive awareness: a meta-analysis. Curr Med 
Sci. 2018;38(2):349-53. doi: http://www.doi.
org/10.1007/s11596-018-1886-1. 

30. Yoon H-K, Jun K, Park S-K, Ji S-H, Jang Y-E, Yoo 
S, et al. Anesthetic agents and cardiovascular 
outcomes of noncardiac surgery after coro-
nary stent insertion. J Clin Med. 2020;9(2). 
doi: http://www.doi.org/10.3390/jcm9020429.

31. Kwon J-H, Park J, Lee S-H, Oh A-R, Lee J-H, Min JJ. 
Effects of volatile versus total intravenous anes-

https://www.oecd-ilibrary.org/sites/b01ad37f-es/index.html?itemId=/content/component/b01ad37f-es
https://www.oecd-ilibrary.org/sites/b01ad37f-es/index.html?itemId=/content/component/b01ad37f-es
https://www.oecd-ilibrary.org/sites/b01ad37f-es/index.html?itemId=/content/component/b01ad37f-es
https://apps.who.int/iris/handle/10665/330357
https://apps.who.int/iris/handle/10665/330357
http://www.doi.org/10.2471/BLT.15.159293
http://www.doi.org/10.2471/BLT.15.159293
http://www.doi.org/10.1136/bmj.318.7197.1551
http://www.doi.org/10.1136/bmj.318.7197.1551
https://papers.ssrn.com/abstract=3058651
https://papers.ssrn.com/abstract=3058651
http://www.doi.org/10.1097/00000542-199512000-00002
http://www.doi.org/10.1097/00000542-199512000-00002
http://www.doi.org/10.1097/ACO.0b013e32834f00ec
http://www.doi.org/10.1097/ACO.0b013e32834f00ec
http://www.doi.org/10.2165/00023210-200317090-00001
http://www.doi.org/10.2165/00023210-200317090-00001
http://www.doi.org/10.1016/j.clinthera.2008.09.009
http://www.doi.org/10.1016/j.clinthera.2008.09.009
http://www.doi.org/10.1111/anae.12713
http://www.doi.org/10.1111/anae.12713
http://www.doi.org/10.1186/s12871-018-0563-z
http://www.doi.org/10.1186/s12871-018-0563-z
https://www.cdc.gov/policy/polaris/economics/index.html 
https://www.cdc.gov/policy/polaris/economics/index.html 
http://www.doi.org/10.1056/NEJM197703312961304
http://www.doi.org/10.1056/NEJM197703312961304
http://www.doi.org/10.1046/j.1365-2044.1998.00469.x 
http://www.doi.org/10.1046/j.1365-2044.1998.00469.x 
http://www.doi.org/10.1046/j.1365-2044.1998.00469.x 
http://www.doi.org/10.1136/emj.19.3.198
http://www.doi.org/10.1136/emj.19.3.198
http://www.doi.org/10.1046/j.1365-2710.2003.00455.x
http://www.doi.org/10.1046/j.1365-2710.2003.00455.x
http://www.doi.org/10.1097/ALN.0000000000001120
http://www.doi.org/10.1097/ALN.0000000000001120
http://www.doi.org/10.1097/ALN.0000000000002491
http://www.doi.org/10.1097/ALN.0000000000002491
http://www.doi.org/10.1097/ALN.0000000000000936
http://www.doi.org/10.1097/ALN.0000000000000936
http://www.doi.org/10.1002/14651858.CD012317.pub2
http://www.doi.org/10.1002/14651858.CD012317.pub2
http://www.doi.org/10.1111/anae.13578
http://www.doi.org/10.1111/anae.13578
http://www.doi.org/10.1007/s11596-018-1886-1
http://www.doi.org/10.1007/s11596-018-1886-1
http://www.doi.org/10.3390/jcm9020429


9 /10c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 2 ; 5 0 : e 1 0 2 1 .

thesia on occurrence of myocardial injury after 
non-cardiac surgery. J Clin Med. 2019;8(11). doi: 
http://www.doi.org/10.3390/jcm8111999.

32. Kletecka J, Holeckova I, Brenkus P, Pouska J, 
Benes J, Chytra I. Propofol versus sevoflurane 
anaesthesia: effect on cognitive decline and 
event-related potentials. J Clin Monit Com-
put. 2019;33(4):665-73. doi: http://www.doi.
org/10.1007/s10877-018-0213-5.

33. Yoo Y-C, Bai S-J, Lee K-Y, Shin S, Choi EK, 
Lee JW. Total intravenous anesthesia with 
propofol reduces postoperative nausea and 
vomiting in patients undergoing robot-as-
sisted laparoscopic radical prostatectomy: 
a prospective randomized trial. Yonsei Med 
J. 2012;53(6):1197-202. doi: http://www.doi.
org/10.3349/ymj.2012.53.6.1197

34. Ortiz AC, Atallah AN, Matos D, da Silva EMK. 
Intravenous versus inhalational anaesthesia 
for paediatric outpatient surgery. Cochra-
ne Database Syst Rev. 2014;(2):CD009015. 
doi: http://www.doi.org/10.1002/14651858.
CD009015.pub2.

35. Apfel CC, Kranke P, Katz MH, Goepfert C, Pa-
penfuss T, Rauch S, et al. Volatile anaesthetics 
may be the main cause of early but not dela-
yed postoperative vomiting: a randomized 
controlled trial of factorial design. Br J Anaes-
th. 2002;88(5):659-68. doi: http://www.doi.
org/10.1093/bja/88.5.659.

36. Agoliati A, Dexter F, Lok J, Masursky D, 
Sarwar MF, Stuart SB, et al. Meta-analysis of 
average and variability of time to extuba-
tion comparing isoflurane with desflurane or 
isoflurane with sevoflurane. Anesth Analg. 
2010;110(5):1433-9. doi: http://www.doi.
org/10.1213/ANE.0b013e3181d58052.

37. Carli D de, Meletti JFA, Neto NEU, Marti-
nez G, Kim ALC, Camargo RPS de. General 
anesthesia technique and perception of 
quality of postoperative recovery in women 
undergoing cholecystectomy: A randomi-
zed, double-blinded clinical trial. PLOS 
ONE. 2020;15(2):e0228805. doi: https://doi.
org/10.1371/journal.pone.0228805 

38. Alhashemi JA, Miller DR, O’Brien HV, Hull 
KA. Cost-effectiveness of inhalational, ba-
lanced and total intravenous anaesthesia 
for ambulatory knee surgery. Can J Anaes-
th. 1997;44(2):118-25. doi: http://www.doi.
org/10.1007/bf03012998.

 
39. Suttner S, Boldt J, Schmidt C, Piper S, Kumle 

B. Cost analysis of target-controlled infu-
sion-based anesthesia compared with stan-
dard anesthesia regimens: Retracted. Anesth 
Analg. 1999;88(1):77-82. doi: http://www.doi.
org/10.1097/00000539-199901000-00015.

40. Golembiewski J. Economic considerations 
in the use of inhaled anesthetic agents. Am J 
Health-Syst Pharm AJHP Off J Am Soc Heal-
th-Syst Pharm. 2010;67(8 Suppl 4):S9-12. doi: 
http://www.doi.org/10.2146/ajhp100093

41. Dzwonczyk R, Weaver TE, Puente EG, Ber-
gese SD. Postoperative nausea and vomiting 
prophylaxis from an economic point of view. 
Am J Ther. 2012;19(1):11-5. doi: https://doi.
org/10.1097/MJT.0b013e3181e7a512

42. Nakada T, Ikeda D, Yokota M, Kawahara K. 
Analysis of the cost-effectiveness of remifenta-
nil-based general anesthesia: a survey of clini-
cal economics under the Japanese health care 
system. J Anesth. 2010;24(6):832-7. doi: http://
www.doi.org/10.1007/s00540-010-1006-2 

43. Tan SS, Rutten FFH, van Ineveld BM, Redekop 
WK, Hakkaart-van Roijen L. Comparing me-
thodologies for the cost estimation of hospi-
tal services. Eur J Health Econ HEPAC Health 
Econ Prev Care. 2009;10(1):39-45. doi: http://
www.doi.org/10.1007/s10198-008-0101-x. 
Epub 2008 Mar 14.

44. Broadway PJ, Jones JG. A method of cos-
ting anaesthetic practice. Anaesthesia. 
1995;50(1):56-63. doi: http://www.doi.or-
g/10.1111/j.1365-2044.1995.tb04516.x.

45. Ministerio de Salud de Colombia. Termóme-
tro de precios de medicamentos [Internet]. 
[cited: 2019 Nov. 17]. Available at: https://
www.minsalud.gov.co/salud/MT/Paginas/ter-
mometro-de-precios.aspx

46. Loke J, Shearer WAJ. Cost of anaesthesia. Can 
J Anaesth. 1993;40(5):472-4. doi: http://www.
doi.org/10.1007/BF03009526.

47. Biro P. Calculation of volatile anaesthe-
tics consumption from agent concentra-
tion and fresh gas flow. Acta Anaesthesiol 
Scand. 2014;58(8):968-72.doi: http://www.
doi.org/10.1111/aas.12374. 

48. Malhotra R, Kumar N, Jain A. Cost identification 
analysis of general anesthesia. J Anaesthesiol 
Clin Pharmacol. 2020;36(2):219-26. doi: http://
www.doi.org/10.4103/joacp.JOACP_77_19

49. Taşkın D, Gedik E, Kayhan Z. Effects of mini-
mal flow sevoflurane or desflurane anaesthe-
sia on hemodynamic parameters, body tem-
perature and anaesthetic consumption. Turk J 
Anaesthesiol Reanim. 2020;48(5):356-63. doi: 
http://www.doi.org/10.5152/TJAR.2020.39699.

50. Yang SM, Jung YS, Jung C-W, Kim WH, Yoon 
SB, Lee H-C. Comparison of bispectral in-
dex-guided and fixed-gas concentration tech-
niques in desflurane and remifentanil anes-
thesia: A randomized controlled trial. PloS 
One. 2020;15(11):e0241828. doi: https://doi.
org/10.1371/journal.pone.0241828

51. Eleveld DJ, Proost JH, Vereecke H, Absalom 
AR, Olofsen E, Vuyk J, et al. An allometric 
model of remifentanil pharmacokinetics 
and pharmacodynamics. Anesthesiology. 
2017;126(6):1005-18. doi: http://www.doi.
org/10.1097/ALN.0000000000001634.

52. Minto CF, Schnider TW, Egan TD, Youngs 
E, Lemmens HJ, Gambus PL, et al. In-
fluence of age and gender on the phar-
macokinetics and pharmacodynamics of 
remifentanil. I. Model development. Anesthe-
siology. 1997;86(1):10-23. doi: http://www.doi.
org/10.1097/00000542-199701000-00004.

53. Ross AK, Davis PJ, Dear Gd GL, Ginsberg B, 
McGowan FX, Stiller RD, et al. Pharmacoki-
netics of remifentanil in anesthetized pe-
diatric patients undergoing elective surgery 
or diagnostic procedures. Anesth Analg. 
2001;93(6):1393-401. doi: http://www.doi.
org/10.1097/00000539-200112000-00008.

54. Mertens MJ, Olofsen E, Engbers FHM, Burm 
AGL, Bovill JG, Vuyk J. Propofol reduces perio-
perative remifentanil requirements in a sy-
nergistic manner: response surface modeling 
of perioperative remifentanil-propofol inte-
ractions. Anesthesiology. 2003;99(2):347-59. 
doi: http://www.doi.org/10.1097/00000542-
200308000-00016.

55. Ramírez DE, Calvache JA. Diseño y evalua-
ción del desempeño del algoritmo «iTIVA» 
para la administración manual de anesté-
sicos intravenosos según objetivo en sitio 
efecto. Colombian Journal of Anesthesiolo-
gy. 2016;44(2):105-13. doi: http://dx.doi.or-
g/10.1016/j.rca.2016.02.002

56. Kim TK, Hong DM, Lee SH, Paik H, Min SH, 
Seo J-H, et al. Effect-site concentration of 
remifentanil required to blunt haemody-
namic responses during tracheal intuba-
tion: A randomized comparison between 

http://www.doi.org/10.3390/jcm8111999
http://www.doi.org/10.1007/s10877-018-0213-5
http://www.doi.org/10.1007/s10877-018-0213-5
http://www.doi.org/10.3349/ymj.2012.53.6.1197
http://www.doi.org/10.3349/ymj.2012.53.6.1197
http://www.doi.org/10.1002/14651858.CD009015.pub2
http://www.doi.org/10.1002/14651858.CD009015.pub2
http://www.doi.org/10.1093/bja/88.5.659
http://www.doi.org/10.1093/bja/88.5.659
http://www.doi.org/10.1213/ANE.0b013e3181d58052
http://www.doi.org/10.1213/ANE.0b013e3181d58052
https://doi.org/10.1371/journal.pone.0228805
https://doi.org/10.1371/journal.pone.0228805
http://www.doi.org/10.1007/bf03012998
http://www.doi.org/10.1007/bf03012998
http://www.doi.org/10.1097/00000539-199901000-00015
http://www.doi.org/10.1097/00000539-199901000-00015
http://www.doi.org/10.2146/ajhp100093
https://doi.org/10.1097/MJT.0b013e3181e7a512
https://doi.org/10.1097/MJT.0b013e3181e7a512
http://www.doi.org/10.1007/s00540-010-1006-2
http://www.doi.org/10.1007/s00540-010-1006-2
https://pubmed.ncbi.nlm.nih.gov/18340472/
https://pubmed.ncbi.nlm.nih.gov/18340472/
https://pubmed.ncbi.nlm.nih.gov/18340472/
http://www.doi.org/10.1111/j.1365-2044.1995.tb04516.x
http://www.doi.org/10.1111/j.1365-2044.1995.tb04516.x
https://www.minsalud.gov.co/salud/MT/Paginas/termometro-de-precios.aspx
https://www.minsalud.gov.co/salud/MT/Paginas/termometro-de-precios.aspx
https://www.minsalud.gov.co/salud/MT/Paginas/termometro-de-precios.aspx
http://www.doi.org/10.1007/BF03009526
http://www.doi.org/10.1007/BF03009526
http://www.doi.org/10.1111/aas.12374
http://www.doi.org/10.1111/aas.12374
http://www.doi.org/10.4103/joacp.JOACP_77_19
http://www.doi.org/10.4103/joacp.JOACP_77_19
http://www.doi.org/10.5152/TJAR.2020.39699
https://doi.org/10.1371/journal.pone.0241828
https://doi.org/10.1371/journal.pone.0241828
http://www.doi.org/10.1097/ALN.0000000000001634
http://www.doi.org/10.1097/ALN.0000000000001634
http://www.doi.org/10.1097/00000542-199701000-00004
http://www.doi.org/10.1097/00000542-199701000-00004
http://www.doi.org/10.1097/00000539-200112000-00008
http://www.doi.org/10.1097/00000539-200112000-00008
http://www.doi.org/10.1097/00000542-200308000-00016
http://www.doi.org/10.1097/00000542-200308000-00016
http://dx.doi.org/10.1016/j.rca.2016.02.002
http://dx.doi.org/10.1016/j.rca.2016.02.002


c o lo m b i a n  jo u r n a l  o f  a n e st h e s io lo g y.  2 0 2 2 ; 5 0 : e 1 0 2 1 . 10/10

single- and double-lumen tubes. J Int Med 
Res. 2018;46(1):430-9. doi: http://www.doi.
org/10.1177/0300060517721072

57. Albertin A, Casati A, Bergonzi P, Fano G, 
Torri G. Effects of two target-controlled 
concentrations (1 and 3 ng/ml) of remifen-
tanil on MACBARof Sevoflurane. Anesthesio-
logy. 2004;100(2):255-9. doi: http://www.doi.
org/10.1097/00000542-200402000-00012.

58. Munoz-Price LS, Bowdle A, Johnston BL, 
Bearman G, Camins BC, Dellinger EP, et al. 
Infection prevention in the operating room 

anesthesia work area. Infect Control Hosp 
Epidemiol. 2018;1-17. doi: http://www.doi.
org/10.1017/ice.2018.303.

59. Ministerio de Salud de Colombia. Listado 
de medicamentos con precio controlado y/o 
de referencia [Internet]. [cited: 2021 Apr 8]. 
Available at: https://www.minsalud.gov.co/
salud/MT/Paginas/listado-de-medicamen-
tos-con-precio-controlado.aspx

60. Fairchild KW, Misra L, Shi Y. Using triangu-
lar distribution for business and finance si-
mulations in Excel. J Financ Educ. 2016;42(3-
4): 313-6.

61. Arroyo I, Bravo LC, Llinás H, Muñoz FL. Poisson 
and gamma distributions: A discrete and con-
tinuous relati. Prospectiva. 2014;12(1):99-107.

62. Palisade Knowledge Base. Calculating Con-
tribution to Variance. [Internet]. [cited: 2020 
Dec 7]. Available at: https://kb.palisade.com/
index.php?pg=kb.page&id=1605

63. Bodenheimer T, Sinsky C. From triple to qua-
druple aim: care of the patient requires care of 
the provider. Ann Fam Med. 2014;12(6):573-6. 
doi: http://www.doi.org/10.1370/afm.1713.

http://www.doi.org/10.1177/0300060517721072
http://www.doi.org/10.1177/0300060517721072
http://www.doi.org/10.1097/00000542-200402000-00012
http://www.doi.org/10.1097/00000542-200402000-00012
http://www.doi.org/10.1017/ice.2018.303
http://www.doi.org/10.1017/ice.2018.303
https://www.minsalud.gov.co/salud/MT/Paginas/listado-de-medicamentos-con-precio-controlado.aspx
https://www.minsalud.gov.co/salud/MT/Paginas/listado-de-medicamentos-con-precio-controlado.aspx
https://www.minsalud.gov.co/salud/MT/Paginas/listado-de-medicamentos-con-precio-controlado.aspx
https://kb.palisade.com/index.php?pg=kb.page&id=1605
https://kb.palisade.com/index.php?pg=kb.page&id=1605
http://www.doi.org/10.1370/afm.1713

