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Cardiovascular Surgery

Improvement in Congenital Heart Surgery in a
Developing Country

The Guatemalan Experience

Luis A. Larrazabal, MD; Kathy J. Jenkins, MD, MPH; Kimberlee Gauvreau, ScD;
Vladimiro L. Vida, MD; Oscar J. Benavidez, MD, MPP; Guillermo A. Gaitan, MD;
Flor Garcia, MD; Aldo R. Castaneda, MD, PhD

Background—In 1997, an effort was made to disseminate US pediatric cardiac surgical practices to create a new
comprehensive program in Guatemala. The objective of this study was to describe the improvement of the program by
exploring the reduction in risk-adjusted in-hospital mortality.

Methods and Results—A retrospective cohort study of surgical procedures performed in Guatemala from February 1997
to July 2004 was conducted. Data were divided into 3 time periods (1997 to 1999, 2000 to 2002, and 2003 to 2004) and
compared with a US benchmark (2000 Kids’ Inpatient Database of 27 states and 313 institutions). The risk adjustment
for congenital heart surgery (RACHS-1) method was used to adjust for case mix. Mortality rates, standardized mortality
ratios, and 95% confidence intervals were calculated. A total of 1215 surgical procedures were included. Median age
was 3.1 years (range, 1 day to 17.9 years). The overall mortality was 10.7% (n=130). The RACHS-1 method showed
better discrimination than in prior reports (area under receiver operating characteristic curve=0.854). A decreasing trend
in mortality rate was observed in every RACHS-1 risk category over the 3 time periods. When compared against the
US benchmark, the reduction in risk-adjusted mortality was noted by a decrease of standardized mortality ratio from
10.0 (95% confidence interval, 7.2 to 13.7) in 1997-1999, to 7.8 (95% confidence interval, 5.9 to 10.0) in 2000-2002,
and to 5.7 (95% confidence interval, 3.8 to 8.3) in 2003-2004.

Conclusions—In a short time period, mortality after congenital heart surgery has been reduced substantially in Guatemala.
Measurement of risk-adjusted mortality is a useful method to assess pediatric cardiac program improvement in the

developing world. (Circulation. 2007;116:1882-1887.)
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large underserved population of children with con-

genital heart disease is present in many developing
countries. These children have very limited or no access to
cardiovascular surgical care and will face irreversible heart
and lung damage or death. Consequently, methods to
provide and improve cardiovascular surgical care in devel-
oping countries are needed. In recent years, several strat-
egies have been implemented to address this need. These
strategies include transferring children to first-world coun-
tries for surgical care, organizing surgical trips to devel-
oping countries, and, more recently, the creation of local
cardiovascular surgical programs. The latter strategy is due
in part to new policies in humanitarian medicine that
promote a shift toward taking care of children in their local
environment as well as to the fact that more children can be
treated at a fraction of the cost.'-3

Editorials pp 1874 and 1876
Clinical Perspective p 1887

Although implementation of new cardiovascular pro-
grams is an essential first step in improving outcomes for
those children, an important second step is to evaluate the
performance of those programs. Evaluation of performance
and improvement are necessary for reasons similar to those
in the first world: constant self-evaluation, including
benchmarking with similar programs, and creation of care
improvement strategies.* In 1997, an effort was made to
disseminate US pediatric cardiac surgical practices to
create a new comprehensive pediatric cardiac care program
in Guatemala. The objective of this study was to examine
the reduction in risk-adjusted in-hospital mortality in the
new cardiovascular program and to compare those results
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with congenital heart surgery outcomes in the United
States.

Methods
Setting

Guatemala is a Latin American country with >12 million inhabitants
and with a land mass similar to the state of Pennsylvania. Guatema-
la’s population is among the most deprived in the continent:
According to the United Nations Development Program, in 1998 the
infant mortality rate was 43 per 1000 live births compared with 7 per
1000 in the United States. Healthcare access in most areas was <8%,
and ~80% of the population lived below the poverty line, defined in
Guatemala as <$2 per day.5 In 1995, the government spent only
1.8% of the gross domestic product on health care, ranking near the
bottom of the hemisphere alongside countries like Haiti (1.3%) and
the Dominican Republic (1.8%).%7 Serious geographic and language
barriers worsen the problem; although Spanish is the main language,
23 different native languages are also spoken by the indigenous
population. On the basis of data derived from previous surgical
missions in the country and estimates of children infrequently sent to
the United States and other countries, before 1997 probably <3% of
Guatemalan children with congenital heart disease had access to
cardiac surgical care.

Creation of the Cardiac Program

The goals of the new pediatric cardiac care program, known as
Unidad de Cirugia Cardiovascular Pediatrica de Guatemala
(UNICARP), were to improve outcomes of children with congenital
heart disease in Guatemala by training local staff to eventually
become independent. A foundation was established locally and in the
United States in 1997 to serve as a fundraising instrument to acquire
equipment for the pediatric cardiac unit and also to sponsor surgical
procedures for the poor population.

Among the total patients operated on, 95% have been subsidized
in total. In this group, 50% were paid by the social security system
(in Guatemala, a family qualifies for social security, and thus for full
coverage of the costs of surgery for congenital conditions, if the
parent of the child is employed by the government or employed by
a participant in social security who employs >10 persons, and the
employee has been working for a minimum of 3 months at the time
of surgery).® The remaining 45% were paid for by the Ministry of
Health and the foundation. Only 5% of the patients paid some
proportion of the cost of their care: 70% paid <20%, 29% paid
between 20% and 40%, and <1% paid the full cost.

Since the program was initiated, the foundation has successfully
urged the government to assign a defined part of the budget to pay
for surgeries, salaries, and infrastructure, concentrating its own
resources mainly on renovations and equipment. Although this effort
has been successful, the foundation’s fundraising and subsidies for
certain services are and will always likely be an important aid for the
pediatric cardiac unit. In partnership with the Friends of the Aldo
Castafieda Foundation in the United States, efforts are in place to
create an endowment that will secure a constant economic assistance
for the future.

The staff includes 3 surgeons from Guatemala, trained by a senior
surgeon (A.R.C.) who had extensive experience operating in the
United States, 8 pediatric cardiologists, 2 intensivists, and 3 anes-
thesiologists, as well as intensive care and ward nurses, respiratory
therapists, echocardiography technicians, and support personnel. The
cardiovascular program expanded in the last years to 2 cardiac
operating rooms, 1 cardiac catheterization laboratory, a 6-bed inten-
sive care unit, a 4-bed stepdown unit, and an 18-bed general ward.
More than 1300 surgical procedures have been performed, and in the
outpatient clinic >20 000 patients have been seen. The center in
Guatemala has become a referral center for children from El
Salvador, Honduras, Nicaragua, Belize, Dominican Republic, and
Haiti.
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Data Sources

Guatemala

Data recorded during the surgical admission were retrieved from
medical records by a physician reviewer. A retrospective cohort
study was conducted including all the cases that underwent surgical
intervention for congenital heart disease from February 1997 to July
2004. Demographic and in-hospital variables were collected (eg,
surgical procedure, diagnosis, surgeon, age at surgery, length of stay,
complications, and infections).

United States

To compare mortality in Guatemala and the United States, we used
the Healthcare Cost and Utilization Project Kids’ Inpatient Database
(KID) for calendar year 2000. This database is a nationwide sample
of US inpatient pediatric discharges and consists of a stratified
random sample of 2 516 833 discharges from 2784 institutions in 27
states, including pediatric hospitals, academic medical centers, and
specialty hospitals. The database includes a 10% sample of uncom-
plicated births from these institutions and an 80% sample of other
pediatric discharges for patients aged =20 years.®

Inclusion Criteria

For the Guatemalan and the KID databases, we selected all patients
aged <18 years who underwent surgical repair of a congenital heart
defect, using International Classification of Diseases, Ninth Revi-
sion, Clinical Modification codes. Cases with codes for cardiac
transplantation were excluded, as were premature infants and new-
borns aged =30 days undergoing closure of a patent ductus arteri-
osus only.!0

Risk Adjustment

The risk adjustment for congenital heart surgery (RACHS-1) method
was used to adjust for differences in case mix when analyzing
in-hospital mortality in Guatemala and when comparing in-hospital
mortality for Guatemala and the United States. To apply this method,
cases were assigned to 1 of 6 predefined risk categories on the basis
of the presence or absence of specific International Classification of
Diseases, Ninth Revision, Clinical Modification diagnosis and pro-
cedure codes; risk category 1 has the lowest risk for death and risk
category 6 the highest. Cases with combinations of cardiac surgical
procedures (eg, repair of coarctation of the aorta and ventricular
septal defect repair) were placed in the risk category corresponding
to the single highest risk procedure. Additional clinical variables
incorporated as part of the RACHS-1 adjustment are as follows: age
group (=30 days, 31 days to 1 year, =1 year), prematurity, the
presence of a major noncardiac structural anomaly, and the presence
of combinations of cardiac surgical procedures.*!0-11

Validation of the RACHS-1 Method

The RACHS-1 method has been previously validated and applied to
US and European administrative databases.!'°-!2 However, validation
for a developing country data set has not been published. To evaluate
the performance of RACHS-1 in the Guatemalan database, a logistic
regression model with outcome of in-hospital death and predictor
variables of risk category, age group, and presence of combinations
of procedures was fitted. Prematurity and the presence of noncardiac
structural anomalies were not included because these were only
present in a small number of cases and deaths. The area under the
receiver operating characteristic curve was computed for the model
as a measure of the model’s performance. The area under the receiver
operating characteristic curve quantifies how well the model is able to
predict mortality, with an area of 0.5 indicating a model with no
predictive power and an area of 1.0 indicating that the model predicts
outcome perfectly every time.
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Table 1. Patient Characteristics (n=1215)

Table 2. Surgical Procedures (n=1215)

RACHS-1 risk category

1 587 (48)

2 379 (31)

3 203 (17)

4 44 (8)

5 0

6 2(0.2)
Age

=30d 61 (5)

31dto1y 231(19)

=1y 923 (76)
Major noncardiac structural anomaly 97 (8)
Prematurity 2(0.2)
Female gender 706 (58)
Down syndrome 68 (6)
Reoperations 141 (12)
Median days in intensive care, n (range) 1(1-78)
Median length of stay, n (range) 6 (1-97)
In-hospital mortality 130 (11)

Values are expressed as n (%) unless otherwise indicated.

Statistical Methods

Surgical procedures in Guatemala were then divided into 3 time
periods: 1997 to 1999, 2000 to 2002, and 2003 to 2004. Within each
time period, mortality rates were calculated overall and by surgical
risk category. The proportions of procedures performed by the senior
surgeon in each of the 3 time periods were compared with the Fisher
exact test.

A logistic regression model with outcome of in-hospital death and
predictor variables of risk category plus the additional clinical
variables was generated for cases of congenital heart surgery in the
benchmark KID 2000 database. This model was then used to
calculate the predicted probability of death for each individual case
in the Guatemalan cohort. The average predicted probability of death
for all patients within a given time period, calculated by summing the
predicted probabilities for each patient and dividing by the total
number of patients undergoing surgery in that time period, represents
the expected mortality rate for the time period, adjusted for case mix.
The standardized mortality ratio (SMR) for each period was then
calculated as the observed mortality rate divided by the expected
mortality rate. The 95% confidence intervals (ClIs) were also
generated.

The UNICARP hospital internal review board approved this
study. A waiver of informed consent was obtained. Patient data
were made anonymous in our database in compliance with the
hospital requirements.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
A total of 1328 surgical procedures were performed between
February 1997 and July 2004. Among these, 1215 were
performed in children aged <18 years and were eligible.
Patients excluded from further analysis (n=113) included 54
who were aged =18 years and 59 who were not able to be
assigned to a risk category. Ninety-six percent of the cases

PDA closure 408 (34)
VSD repair 170 (14)
ASD repair 140 (12)
TOF correction 96 (8)
TAPVC correction 50 (4)
Cavopulmonary anastomosis 35(3)
Arterial switch operation 29 (2
Systemic-to-pulmonary shunt 28 (2)
Subaortic stenosis resection 25(2)
Coarctation repair >30 d 22 (2)
VSD+ASD repair 22(2)
Total cavopulmonary connection 17 (1)
Atrioventricular canal correction 16 (1)
DORV correction 16 (1)
PAPVC correction 14 (1)
Atrial switch operation (Senning) 14 (1)
Truncus correction 14 (1)
Other surgical procedures 99 (8)

Values are expressed as n (%). ASD indicates atrial septal defect; DORV,
double outlet right ventricle; PAPVC, partial anomalous pulmonary venous
connection; PDA, patent ductus arteriosus; TAPVC, total anomalous pulmo-
nary venous connection; TOF, tetralogy of Fallot; and VSD, ventricular
septal defect.

were from Guatemala and 4% from either 1 of the Central
American countries or the Caribbean islands Dominican
Republic, St Vincent, and Haiti. The median age at surgery
was 3.1 years (range, 1 day to 17.9 years). Most of the
procedures were performed in the RACHS-1 risk categories 1
and 2, representing 79% (n=960) of the total (Table 1).

The most frequent procedure was closure of patent ductus
arteriosus at 34% (n=408), followed by ventricular septal
defect repair at 14% (n=170) and atrial septal defect repair at
12% (n=140) (Table 2).

A postoperative complication was present in 341 of 1215
procedures (28%). The most frequent were pleural effusion at
8% (n=92), pneumothorax at 3% (n=34), low cardiac output
at 2% (n=27), bleeding at 2% (n=25), capillary leak syn-
drome at 2% (n=24), and arrhythmia at 2% (n=21). Noso-
comial infections were present in 13.8% (n=168) of the
cases. The median stay in the intensive care unit was 1 day
(range, 1 to 78), and the median length of hospital stay was 6
days (1 to 97). The overall mortality rate was 10.7% (n=130).

When the performance of the RACHS-1 method in the
Guatemalan data set was assessed, odds ratios for in-hospital
mortality increased with increasing risk category and age
group (highest for age =30 days). The area under the receiver
operating characteristic curve was 0.854 for the model (Table
3). The proportion of surgical procedures done in each
RACHS-1 risk category remained similar in the 3 time
periods, but the total number increased from 72 in 1997 to
229 in 2003.

Figure 1 depicts the mortality rate for each surgical risk
category over each time period. In every risk category, a
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Table 3. Prediction of In-Hospital Mortality in Guatemala
Using RAGHS-1

0dds Ratio P
Risk category
1 1.0
2 10.0 <0.001
3 246 <0.001
4 32.1 <0.001
Age group
=30d 5.0 <0.001
31dtoly 29 <0.001
=1y 1.0
Multiple procedures
Yes 0.65 0.14
No 1.0
Area under ROC curve 0.854

ROC indicates receiver operating characteristic.

decreasing trend in mortality rates across the 3 time periods
was observed. In 2003-2004, the mortality rate decreased in
category 1 to 0.5%, in category 2 to 7.4%, in category 3 to
23.3%, and in category 4 to 25%. The proportion of proce-
dures performed by the senior surgeon decreased over time.
He was the primary surgeon in 53% of the cases in 1997—
1999, 18% in 2000-2002, and in only 4% in 2003-2004
(P<<0.001). Likewise, his presence as either the primary
surgeon or first assistant decreased from 62% in 1997 to
1999, to 22% in 2000 to 2002, and to 5% in 2003 to 2004
(P<<0.001).

To compare the overall reduction in mortality across the 3
categories, SMRs were calculated. The 1997 to 1999 SMR
was 10.0 (95% CI, 7.2 to 13.7), indicating a 10-fold increased
risk for death compared with the 2000 US average. In 2000 to
2002, the risk was reduced to SMR 7.8 (95% CI, 5.9 to 10.0).
In the last time period, 2003 to 2004, the SMR was reduced
to 5.7 (95% CI, 3.8 to 8.3) and was statistically significant
compared with the 1997 to 1999 time period (P=0.008)
(Figure 2).
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Figure 1. Mortality by RACHS-1 risk category in Guatemala. The
symbols show the mortality rates in the 3 time periods; bars
represent the corresponding 95% Cils.
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Figure 2. SMR by time period. The circles represent the SMR;
bars represent the corresponding 95% Cls. The dotted line is
SMR=1, representing the average experience in the United
States in 2000. Between the 1997 to 1999 and 2003 to 2004
time periods, a statistically significant reduction in mortality is
shown (P=0.008).

Discussion

In a relatively short time period, mortality after congenital
heart surgery has been reduced substantially in Guatemala.
When the case complexity and in-hospital mortality in Gua-
temala alone are analyzed, a decreasing trend in risk-adjusted
mortality was demonstrated in every category. For example,
mortality in category 4 (the highest complexity performed on
a regular basis in Guatemala at the time) fell from 57% in
1997 to 1999 to 25% in 2003 to 2004. In addition, when the
Guatemalan mortality is compared against the US benchmark
(KID 2000 database), a decrease in SMR from 10 in 1997 to
1999 to 5.7 in 2003 to 2004 was observed, showing a
statistically significant difference (P=0.008). If no improve-
ments occurred over time, and assuming that mortality
remained as in 1997 to 1999, one would expect 10 additional
deaths during 2000 to 2002 (of 537 total patients) and 18
additional deaths during 2003 to 2004 (of 382 total patients),
mortalities that did not occur.

Few attempts have been made in the past to evaluate
pediatric cardiac programs in developing countries. A Co-
lombian study explored risk-adjusted mortality from 2001 to
2003 in the 4 centers for pediatric cardiac surgery in that
country. Procedures in RACHS-1 categories 1 through 4 were
performed, with a mortality rate of 0.7% in category 1, 7.2%
in category 2, 20.7% in category 3, and 33.8% in category 4.
A reduction in overall mortality was described from 10.9% in
2001 to 8.6% in 2002 and 7.7% in 2003; however, this
comparison was not risk adjusted.'3

Novick et al' also explored risk-adjusted mortality in their
program, which performs surgical procedures in several
countries, including in the United States. They made com-
parisons between the first 5 years of their experience and the
last 5 years, showing improvement based on overall reduction
of mortality. Unfortunately, this conclusion was again based
on non-risk-adjusted mortality.

Although the conditions in which cardiac surgery are
practiced in the United States compared with the developing
world are different, the KID 2000 database was selected as a
benchmark because it comprises a wide variety of centers
performing from just a few dozen to >600 procedures per
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year, providing a broad representation of congenital heart
surgery in the United States, with diversity in case mix and
volume.

We also found that the RACHS-1 method performed well
in our Guatemalan database, with an area under the receiver
operating characteristic curve of 0.854. It was even higher
than in prior reports.*!214 Risk adjustment is important to
accurately compare in-hospital mortality.*'> This method
would be useful for similar programs in the developing
world.

Although it is difficult to quantify objective factors that
might influence a reduction in mortality, certain changes
appear to be important. In 2001, a pediatric intensive care
unit was inaugurated, separating the services from the
adult intensive care unit. At the same time, doctors and
nurses were selected and further trained to work exclu-
sively for the pediatric unit. It is interesting to note that the
most substantial reduction in mortality was found in the
same time period (2000 to 2001), with SMRs >10 before
2001 and <8 in subsequent years. This reduction was
reflected by lower mortality rates in every one of the
RACHS-1 categories.

Furthermore, our data show that the reduction in mortality
found in all the RACHS-1 categories comes with an increase
in volume; annual volumes were <150 in early years,
increasing to >200 cases in 2001 and beyond. Although we
cannot separate the effect of volume from other changes
happening at the same time, case volume has proven to be an
important determinant of difference in mortality for congen-
ital heart surgery among institutions.!®-17

The described improvement could not have been driven
simply by the senior surgeon (A.R.C.) performing the
surgeries because we found that his presence in the
operating department has decreased significantly over
time. He was the primary surgeon in 53% of the cases in
1997 to 1999, in 18% in 2000 to 2002, and in only 4% in
2003 to 2004 (P<<0.001). Likewise, his presence as either
the primary surgeon or first assistant decreased from 62%
in 1997 to 1999, to 22% in 2000 to 2002, and to 5% in
2003 to 2004 (P<0.001).

Additionally, improvement has occurred in the preopera-
tive echocardiographic diagnosis and in the catheterization
laboratory; interventional procedures such as ductal stent
placement or electrophysiological diagnostic and therapeutic
procedures contributed to improvement of the patient’s con-
dition before surgery. Improvements in anesthesia, cardiopul-
monary bypass, and the routine implementation of early
extubation have also reduced complications and in-hospital
length of stay and consequently reduced hospital costs.!s!°
Change of the sterilization system may have also reduced
postoperative generalized acute systemic inflammatory
responses.

This study has some limitations. A statistical difference
was not found across time periods within each risk category
because of small sample sizes after the data were divided into
risk categories, thus reducing statistical power. However, a
significant statistical difference was found when SMRs were
analyzed, which allowed evaluation of all procedures, ad-
justed for the case mix. In this study we cannot analyze the

effects of the socioeconomic factors on the presurgical and
postoperative states because this information is available only
in the aggregate but not for individual patients.

In conclusion, this study demonstrates substantial improve-
ment in outcomes after congenital heart surgery in Guatemala
and further shows that measurement of risk-adjusted mortal-
ity is feasible in pediatric cardiac programs in the developing
world. The interest in the first world for outcome assessments
and quality improvement is needed equally in the developing
world, where resources are far more limited, and better results
may stimulate appropriations from local and international
sources.
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CLINICAL PERSPECTIVE
The large underserved population of children with congenital heart disease in the developing world has very limited or no
access to cardiovascular surgical care and, if untreated, will face irreversible heart and lung damage or death. The pediatric
cardiac unit of Guatemala was created in 1997 to serve as a referral center for the Central American and Caribbean regions.
This study demonstrates a rapid reduction in risk-adjusted mortality for this center compared with a US benchmark. Factors
that might have influenced the reduction in mortality are also described. The current interest in outcome assessments and
quality improvement is crucial in the developing world, where children should receive care that aims to achieve standards
similar to those in the first world. In countries like Guatemala, resources are far more limited than they are in the United
States, and better surgical results may stimulate appropriations from local and international sources. When dealing with
international patients, risk-adjusted outcome information might enable the clinician to refer patients to centers with the best

results for the given cardiac disease.
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