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STS Congenital Heart Surgery Data Summary 

 
All Patients 

 
 

STS Period Ending 12/31/2018 
Table 1: All Patients number submitted, in analysis, and operative mortality 

 STS 
 Last 1 Year Last Four Years 

 Jan 2018 - Dec 2018 Jan 2015 - Dec 2018 
   
Number of Operations/Patients   
Operations Submitted 40,154 159,301 
Operations in Analysis1 31,102 123,777 
Patients in Analysis2 25,608 102,545 
   
Operative Mortality3   
Number of Mortalities 622 2,788 
Number Eligible 24,617 98,049 
Mortality Percent 2.5 2.8 
Mortality (95% CI) (2.3 , 2.7) (2.7 , 2.9) 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
1Analysis includes only operations classified as "CPB" or "No CPB, Cardiovascular"   

2Patient Numbers represent distinct patient admissions 
3Mortality numbers are patient-based only for admission in the analysis population at sites with adequate mortality data 
 
 



Main reason: highly specialized and multidisciplinary units



However…

• Only 30% of all heart malformations in 
the world are diagnosed

• 90% receive suboptimal care or do not
receive it

• 300,000 patients die every year as a 
consequence of CHD

Abdulla, J. Pediatr. Cardiol. 23:481-482, 2002
Lancet Child Adolesc Heal 2020; 
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Reasons?



• Each LMIC society has different economical, political, social and health
system problems



• Elevated costs, and care mostly in a highly bureaucratic and inefficient
public system, with little participation of the private system

• Limited access to centers

• Late referals



Majority of countries are LMIC. Higher birth rates.

• 80% of patients with CHD live in these countries

• CHD is a major health challenge



Economical resources and outcomes
In LMIC, significant variability in outcomes
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Patient and public involvement statement
Patients and public were not involved in the development 
of this study.

RESULTS
Among 31 programmes in 17 countries, the IQIC database 
included 24 917 congenital heart surgeries performed in 
children<18 years of age. The number of programmes 
per country ranged from one to six. The overall in-hos-
pital mortality rate was 5.0% and country-level mortality 
rate ranged from 1.7% to 25.0%. The number of congen-
ital heart surgery cases by country and the proportion 
of cases in each country compared with the total cases is 
shown in online supplementary figure 1. Centres in China 
represent the largest percentage of cases, with 33.4% of 
total cases. The age and RACHS category distribution of 
cases by country is shown in online supplementary figures 
2 and 3. In most countries, the majority of patients under-
going surgery in the centres are 1–17 years old. There 
is variation in the proportion of RACHS categories, but 
all countries have at least 50% of cases in low-complexity 
RACHS category 1 or 2. The full RACHS model used to 

calculate country SMRs is shown in online supplementary 
table 1.

Country SMRs range from 0.40 to 4.85. Unadjusted 
mortality rates and standardised mortality rates by country 
are shown in online supplementary figure 4. Correlation 
coefficients between each development index and SMR 
and regression coefficients, both unadjusted and adjusted 
by GDP per capita, by country are shown in table 1.

The relationships between SMR by country and GDP 
per capita, health expenditure per capita, poverty head-
count ratio, and specialist surgical workforce are shown 
in figures 1–4 respectively. Notable in figure 1 is a general 
trend towards lower SMR with increased GDP per capita, 
and Peru as a potential outlier in the data. figure 2, health 
expenditure per capita, is similar to figure 1; however, 
Serbia and Costa Rica seem to be at higher levels of 
health expenditure per capita than GDP per capita when 
compared with the other countries. The relationships 
between SMR and other development indicators (under-
nourishment, under-five mortality rate, life expectancy 
and domestic general government health expenditure) 
are shown in online supplementary figures 5–8.

Figure 1 This graph shows negative correlation of gross domestic product (GDP) per capita on the x-axis and standardised 
mortality ratio on the y-axis by country.
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Stratified analysis comparing congenital heart surgery 
mortality ratios from low-complexity cases (low RACHS 
categories, 1–2) and high-complexity cases (high RACHS 
categories, 3–6) is shown in table 2. The low RACHS cate-
gories analysis includes a total of 16 870 cases, and the 
high RACHS categories analysis includes a total of 7997 
cases. The low RACHS score SMR correlation largely 
mirror the overall SMR Spearman correlation, while the 
high RACHS score SMR has a lower correlation than the 
low RACHS score SMR with each development indicator 
except poverty headcount ratio and specialist surgical 
workforce.

DISCUSSION
We found the expected positive correlation between 
under-five mortality and SMR, which was statistically 
significant. We also found a borderline statistically signifi-
cant negative correlation between specialist surgical work-
force and CHD mortality: as specialist surgical workforce 
increases, congenital heart surgery mortality decreases, 
suggesting that adequate workforce is integral to quality 
congenital heart surgical capacity. Other correlations 

found that are not statistically significant include negative 
associations of GDP per capita, health expenditure per 
capita, domestic government health expenditure and life 
expectancy with congenital heart surgery SMR: as these 
indicators increase, SMR decreases. We found positive 
associations of poverty headcount and undernourish-
ment with SMR: as poverty headcount or undernourish-
ment increases, SMR increases. The association of GDP 
per capita and SMR suggests that the overall development 
of a country may be an important component of surgical 
mortality. While most associations do not reach statistical 
significance, they display links between development and 
surgery outcomes.

Although it is difficult to be conclusive, an interesting 
finding of this study is that there is still substantial varia-
tion between countries in SMRs even at similar develop-
ment levels. For example, Afghanistan and Pakistan have 
much higher SMRs than India, although they are at similar 
GDP per capita levels. Nations with high levels of conflict 
such as Afghanistan may have stressed health systems as a 
whole,13 14 which would impact congenital heart surgery 
services. Also, while Afghanistan, Pakistan and India have 

Figure 2 This graph shows negative correlation of health expenditure per capita on the x-axis and standardised mortality ratio 
on the y-axis by country.
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ABSTRACT 
Objective Many low-income and middle-income countries 
(LMICs) struggle to provide the health services investment 
required for life-saving congenital heart disease (CHD) 
surgery. We explored associations between risk-adjusted 
CHD surgical mortality from 17 LMICs and global 
development indices to identify patterns that might inform 
investment strategies.
Design Retrospective analysis: country-speci"c 
standardised mortality ratios were graphed against global 
development indices re#ective of wealth and healthcare 
investment. Spearman correlation coef"cients were 
calculated.
Setting and participants The International Quality 
Improvement Collaborative (IQIC) keeps a volunteer 
registry of outcomes of CHD surgery programmes in 
low-resource settings. Inclusion in the IQIC is voluntary 
enrolment by hospital sites. Patients in the registry 
underwent congenital heart surgery. Sites that actively 
participated in IQIC in 2013, 2014 or 2015 and passed a 
10% data audit were asked for permission to share data 
for this study. 31 sites in 17 countries are included.
Outcome measures In-hospital mortality: standardised 
mortality ratios were calculated. Risk adjustment for in-
hospital mortality uses the Risk Adjustment for Congenital 
Heart Surgery method, a model including surgical risk 
category, age group, prematurity, presence of a major non-
cardiac structural anomaly and multiple congenital heart 
procedures during admission.
Results The IQIC registry includes 24 917 congenital 
heart surgeries performed in children<18 years of age. 
The overall in-hospital mortality rate was 5.0%. Country-
level congenital heart surgery standardised mortality 
ratios were negatively correlated with gross domestic 
product (GDP) per capita (r=−0.34, p=0.18), and health 
expenditure per capita (r=−0.23, p=0.37) and positively 
correlated with under-"ve mortality (r=0.60, p=0.01) and 
undernourishment (r=0.39, p=0.17). Countries with lower 
development had wider variation in mortality. GDP per 
capita is a driver of the association between some other 
measures and mortality.

Conclusions Results display a moderate relationship 
among wealth, healthcare investment and malnutrition, 
with signi"cant variation, including superior results in 
many countries with low GDP per capita. These "ndings 
provide context and optimism for investment in CHD 
procedures in low-resource settings.

INTRODUCTION
In 2015, more than 150 world leaders at 
the United Nations agreed to adopt the 17 
sustainable development goals (SDGs) calling 
for a sustained investment globally to achieve 
a number of targets aiming at eradicating 
poverty and inequality, take action on climate 
change and the environment, improve access 
to health and education, and build strong 
institutions and partnerships.1 Of particular 
importance is SDG3, ensure healthy lives and 

Strengths and limitations of this study

 ► This study uses data from the International Quality 
Improvement Collaborative for Congenital Heart 
Disease (IQIC), which offers a unique opportunity to 
study outcomes from low-income and middle-in-
come countries where little is known about out-
comes for congenital heart surgery.

 ► This is the "rst study to directly compare develop-
ment and investment to congenital heart surgery 
outcomes.

 ► This study adds context to the discussion of na-
tional investment in tertiary care in general and 
for congenital heart surgery in speci"c emerging 
economies.

 ► Study sample size is limited by the number of par-
ticipants in IQIC.

 ► The study does not examine regional variability 
within countries.
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In LMIC, variability in each country

• HIC: guided by government policies

• LMIC: unpredictable, creative initiatives, civil society and NGO´s



In Mexico…No official data for CHD outcomes

18,000 children are born with CHD each year



Mexico:  15th world economy

GDP (PPP): $2.57 trillion









Health system in Mexico

Ministry of health
55%

Private insurance
5%

Social Security (IMSS,ISSSTE, etc)
40%



CHD in Mexico

Public Hospitals
• High volumen of patients
• Economical limitations, suboptimal quality control systems, low salaries, bureaucratic

system
• Unaccountable and error prone system, obstacle to create multidisciplinary centers of 

excellence, with full time committed teams

Private Hospitals
• More resources and quality control systems
• Insufficient volume of patients to create financially sustainable centers of excellence
• Chaotic system with “nomad” surgical groups, in an error prone and unaccountable 

system



• Most likely,  less than ½  with CHD of patients have access to 
treatment

• 10 referral centers

• Still high mortalities (10-20%?), subestimated…



Factors that promote excellence in CHD

1. Create multidisciplnary team that can work full time, with
adequate salaries, in a single center, with high volume of 
patients. 

2. Environment with adequate quality control systems



Instituto Nacional de Pediatría (INP) in 2001 

• Insufficient resources and salaries

• Insufficient training (surgeons, 
anesthesiologists, intensivists, nurses )

• Inadequate infrastructure (no CVICU)

• Inadequate administrative system

• No full time, dedicated team



Vision: develop a center of excellence in 
a public hospital

• Adequate infrastructure

• Economical supplements for a full 
time dedicated team

• Training for physicians and nurses

• Strenghten the academic relation
with a center of excelence (TCH)



Instituto Nacional de Pediatría (INP) in 2001 

• Insufficient resources and salaries

• Insufficient training (surgeons, 
anesthesiologists, intensivists, nurses )

• Inadequate infrastructure (no CVICU)

• Inadequate administrative system

• No full time, dedicated team



More complex cases,
Less mortality



AATS 2007  
Washington DC

Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 11:7-10  2008

Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 11:7-10  2008



However, mortality still high: 15%

Mortalidad globL 14%



Many bureaucratic and financial obstacles seemed unbeatable in a field
were the margin of error is very small and the systems need to work
precisely



¿Modify the private environment?

Limited number of patients to create units of excellence



ABC Medical Center

Private hospital/Non for profit organization

8% of excess incomes allocated to social programs



CM-ABC/Kardias/TCH 
Concept of the program (2012)

• Hybrid program, parallel to our public program, with patients
from the public sector, combining high vollume with quality
control systems

• Financial resources
• Funding from the Civil Society (Kardias AC) 
• Funding from the Private sector (CM-ABC) 

• Medical team, dedicated full time to the Project 



“Twinning” with a center of excellence
(Texas Children’s Hospital)





 

IQIC for Congenital Heart Surgery in Developing Countries                                                                                            Version 4.0 

 

Implementing Quality Improvement Strategies 
 
Goal:   To evaluate the sustainability of a quality improvement collaborative model over time. 

 

Objective:    Identify drivers of mortality and create targeted QI strategies to improve surgical 
 outcomes.  We will employ telemedicine technology to spread quality-driven best  practices 
 to reduce mortality and major complications in developing cardiac programs around the 
 world. 

  
Driving Forces: Safe Perioperative Practice   
   Surgical Site Infections and Bacterial Sepsis 
   Team-based Practice 
 
Change strategies from the three domains will be incorporated into a series of multifaceted educational 
Learning Modules.  Children's Hospital Boston will conduct monthly webinars to facilitate dialogue, 
distance learning, and disseminate real-time knowledge of quality improvement interventions.   
 

 

 



* Test for linear tend, chi-squared for tend

% of RACHS> 3
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Estimación de Mortalidad

Global mortality at ABC     3.55 %

Estimated by :
RACHS  

3.8%
Aristotle

1 to 5%
STS-EACTS

2.6%
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Abstract
Mortality after surgery for congenital heart disease (CHD) in Mexico is significantly higher than in high-income countries due to
structural, medical, and financial factors. In Mexico, public hospitals have a large volume of patients but inadequate quality control
systems, whereas private hospitals, although having higher quality control systems, have an insufficient number of patients to build
programs of excellence. We describe the creation of a novel hybrid private–public program in Mexico that leverages the
advantages of both sectors while establishing an integrated multidisciplinary unit that has allowed us to improve the quality of care
for patients with CHD.
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Introduction

Congenital heart disease (CHD) is the most common congeni-
tal malformation, affecting approximately six to eight in every
1,000 newborns.1-4 Even though the mortality from CHD has
improved significantly over the last few decades in high-
income countries (HICs),5 it remains a major health problem
in low- and middle-income countries (LMICs). In Mexico,
CHD represents the second cause of death among children
under five years of age.6,7

The high mortality from CHD in Mexico is multifactorial.
The purpose of this report is to examine some of the causes and
describe the creation of a novel hybrid private–public partner-
ship program for CHD as a feasible alternative model for deliv-
ery of care to overcome the limitations of the public and private
systems in LMICs.

Global State of Care for CHD

According to the Society of Thoracic Surgeons (STS) Con-
genital Heart Surgery Database, a platform that currently
includes 95% of centers providing congenital heart surgery
in the United States with almost 40,000 operations per year,8

the overall mortality after congenital heart surgery in the

United States is 1%, 2.8%, and 8.8% for children, infants, and
neonates, respectively.9 Perioperative outcomes after conge-
nital heart surgery in Europe are comparable.10 One of the
factors that has been mainly responsible for the improvement
in mortality from CHD in HIC has been the creation of
highly specialized and multidisciplinary units for medical and
surgical care of these patients.11

However, in many LMICs, the situation is quite different. It
is estimated that 30% of children who are born with CHD are
never diagnosed and 90% receive suboptimal treatment or

1División de Cirugı́a Cardiovascular, Instituto Nacional de Pediatrı́a, Fundación
Kardias, Centro Médico ABC, Mexico City, Mexico
2 Division of Congenital Heart Surgery, Department of Surgery, Texas
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Neonatal surgery in LMIC, and particularly in Mexico…
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2020 
Annual Data Report 

 
The American British Cowdray Medical Center, IAP  

Mexico City, Mexico 



 

 

STS Congenital Heart Surgery Data Summary 

 
All Patients 

 
 

STS Period Ending 12/31/2018 
Table 1: All Patients number submitted, in analysis, and operative mortality 

 STS 
 Last 1 Year Last Four Years 

 Jan 2018 - Dec 2018 Jan 2015 - Dec 2018 
   
Number of Operations/Patients   
Operations Submitted 40,154 159,301 
Operations in Analysis1 31,102 123,777 
Patients in Analysis2 25,608 102,545 
   
Operative Mortality3   
Number of Mortalities 622 2,788 
Number Eligible 24,617 98,049 
Mortality Percent 2.5 2.8 
Mortality (95% CI) (2.3 , 2.7) (2.7 , 2.9) 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
1Analysis includes only operations classified as "CPB" or "No CPB, Cardiovascular"   

2Patient Numbers represent distinct patient admissions 
3Mortality numbers are patient-based only for admission in the analysis population at sites with adequate mortality data 
 
 

STS database overall mortality: 2.8 %

 

 

STS Congenital Heart Surgery Data Summary 

 
Neonates 

 
 

STS Period Ending 12/31/2018 
Table 1: Neonates number submitted, in analysis, and operative mortality 

 STS 
 Last 1 Year Last Four Years 

 Jan 2018 - Dec 2018 Jan 2015 - Dec 2018 
   
Number of Operations/Patients   
Operations in Analysis1 7,009 29,050 
Patients in Analysis2 4,695 19,802 
   
Operative Mortality3   
Number of Mortalities 292 1,405 
Number Eligible 4,204 17,349 
Mortality Percent 6.9% 8.1% 
Mortality (95% CI) (6.2 , 7.8) (7.7 , 8.5) 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
1Analysis includes only operations classified as "CPB" or "No CPB, Cardiovascular" 
2Patient Numbers represent distinct patient admissions 
3Mortality numbers are patient-based only for admission in the analysis population at sites with adequate mortality data 
 
 

Neonates -- 1 



International Quality Improvement Collaborative For CHD (41 hospitals in 
LMIC): 

IQIC Mortality: 4.6%

https://iqic.chboston.org/  
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2020 
Annual Data Report 

 
The American British Cowdray Medical Center, IAP  

Mexico City, Mexico 



Differences between characteristics of HIC patients compared to LMIC patients

Increased mortality
• Malnutrition, low weight
• Late referrals
• Psychosocial factors (poverty, very vulnerable environment)

Subestimated mortality
• Complex cases, mostly neonates, die before diagnosis or without treatment



STAT (2015-19) % Mortality

1 29% 0.4%
2 35% 1.4%
3 11% 2.2%
4 21% 6.2%
5 4% 13.3%

RACHS-1 Number (%) Mortality

1 7004 (16%) 1.0%
2 20984 (49%) 2.5%
3 11138 (26%) 7.0%
4 2662 (6%) 14.5%

5+6 301 (0.7%) 40.2%

https://iqic.chboston.org/
sts.org

STSIQIC

https://iqic.chboston.org/


https://iqic.chboston.org/
sts.org

Neonates In-hospital Mortality

IQIC (2010-19) 6.3% 19.7%

STS (2018) 19.3% 6.9%

https://iqic.chboston.org/


• 2012-2022 (05/2022)

• 2122 Cardiac Surgeries

• 2 Centers (INP/ ABC MC)

• 449 (21.1%) Neonatal surgeries (<90 days)

• Excluding 66 PDA’s                      383 neonatal surgeries (18%)

•



Experiencia INP

• 2012-2022 (05/2022)

• 383 neonatal cardiac surgeries <90 
days (18 %) 

n %
<2.5kg 62 16.1

2.5-3kg 129 33.7
>3kg 192 50.1



Condition at admission:

• Age 26 days median/RIQ(14-50)

• Weight 3.1 kg median/RIQ(2.7-3.5)

<3.0 kg:  53%

<2.5 kg:  19%



Condition at admission:

Diagnosis:
Prenatal At brth After discharge

<2.5kg 14 27 16

2.5-3kg 23 47 41

>3kg 28 67 120

n (%) 65 (16.9) 141 (36.8) 177 (46.2)



Condición preoperatoria

Aristotle 
1 2 3 4 5 NC

<2.5kg 0 13 17 36 8 0
2.5-
3kg 2 38 23 59 6 2

>3kg 3 52 42 82 14 1
n (%) 5 (1.3) 88 (22.9) 82 (24.2) 177 (46.2) 28 (7.3) 3 (0.9)

44% patients required some kind of resuscitation
49% rate of infection

Mech. Vent. Amines Infection Prematurity Associated Sx
n (%) 115 (30) 56 (14.6) 84 (21.9) 75 (19.5) 58 (15.1)

287 (74%) patients Aristotle 3-5



Aug 2012-Jul2022
(N=2012) Total INP-ABC INP(Public) ABC (Private) P-value

Mortality 9.7% (196/2012) 13.7% (167/1214) 3.6% (29/798) <0.001

Mortality in neonates (<90 
dayss) 25.5% (109/427) 26.8% (97/362) 18.4% (12/65) 0.156

Mortality in complex 
neonatal surgery (ASO, 
Norwood, Damus,)

34.4% (48/147) 36.7% (43/117) 16.6% (5/30) 0.036

Mortality in aortic arch 
repair 16.9% (10/59) 22.2% (10/45) 0% (0/14) 0.053

Mortality in 
Norwood/Damus 60% (18/30) 71.4% (15/21) 33% (3/9) 0.051
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Aug 2012-Jul2022
(N=2012) Total INP-ABC INP ABC P-value

<0.001

Early POP death in 
neonates (<24) 10.5% (45/427) 11.8% (43/362) 3% (2/65) 0.029

Early mortality in complex 
surgery (ASO, Norwood, 
Damus)

17% (25/147) 20.5% (24/117) 3.3% (1/30) 0.028

Early mortality in artic arch 
repair 3.4% (2/59) 4.4% (2/45) 0% (0/14) 0.422

Early mortality in 
Norwood/Damus 33.3% (10/30) 47.6% (10/21) 0% (0/9) 0.013



Conclusions

• Care of CHD in Mexico is still suboptimal

• Economical, political and social factors

• Fractured health system

• Hybrid system has helped us improve results

• Rebuild our health system…?



Conclusions

• Neonatal surgery, still the highest mortality

• Late diagnosis  

• Not infrequently, inotropic or ventilatory support, infections

• Health care system

• Modifications on the system can certainly improve results



Conclusions

Oportunities and strenghts:
• Although GDP to health is low, Mexico is the 15th economy

• Actions of civil society have increased awareness and can improve 
results and eventually help modify system

• Proximity with the US facilitates academic exchange
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