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To prepare for this talk, 
I reviewed 7 sources of information about pediatric and congenital 

cardiac surgical complications
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Complication

‘‘A complication is an event or occurrence 
that is associated with a disease or a 
healthcare intervention, is a departure from 
the desired course of events, and may cause, 
or be associated with, suboptimal outcome’’.
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This definition of complication recognizes that a complication can be 
secondary to multiple etiologies including the following three:
1. The patient’s underlying disease itself, independent of health care 

interventions
2. Diagnostic, palliative, therapeutic, and preventative health care 

interventions
3. Any combination of the two choices above.

Complication



• An example of a complication caused by the patient’s 
underlying disease is a spontaneous pneumothorax 
developing in a patient with pulmonary blebs. 

• An example of a complication secondary to a health care 
intervention is a pneumothorax caused by an inadvertent 
pleural puncture during a subclavian central line 
placement.
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Complication

‘‘A complication is an event or occurrence 
that is associated with a disease or a 
healthcare intervention, is a departure from 
the desired course of events, and may cause, 
or be associated with, suboptimal outcome’’.



• This definition also recognizes that not all 
complications cause or are associated with 
suboptimal outcome.

Complication



• ‘‘An adverse event is a complication 
that is associated with a healthcare 
intervention and is associated with 
suboptimal outcome.’’

Adverse event
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From Subjective Probability to Objective Data
STAT Mortality Score
The Society of Thoracic Surgeons - European Association for Cardio-Thoracic Surgery Congenital Heart Surgery 
Mortality Score

and 

STAT Mortality Categories
The Society of Thoracic Surgeons - European Association for Cardio-Thoracic Surgery Congenital Heart Surgery 
Mortality Categories

O'Brien SM, Clarke DR, Jacobs JP, Jacobs ML, Lacour-Gayet FG, Pizarro CP, Welke KF, Maruszewski B, 
Tobota Z, Miller WJ, Hamilton L , Peterson ED, Mavroudis C, Edwards FH. An empirically based tool for 
analyzing mortality associated with congenital heart surgery. The Journal of Thoracic and 
Cardiovascular Surgery, 2009 Nov;138(5), November 2009.



STAT Mortality Categories

STAT Mortality Score and Categories
were developed based on analysis of 77,294 operations 
entered in the STS Congenital Heart Surgery Databases 
and the EACTS Congenital Heart Surgery Database

 EACTS = 33,360 operations
 STS = 43,934 operations

O'Brien SM, Clarke DR, Jacobs JP, Jacobs ML, Lacour-Gayet FG, Pizarro CP, Welke KF, Maruszewski B, 
Tobota Z, Miller WJ, Hamilton L , Peterson ED, Mavroudis C, Edwards FH. An empirically based tool for 
analyzing mortality associated with congenital heart surgery. The Journal of Thoracic and 
Cardiovascular Surgery, 2009 Nov;138(5), November 2009.



Procedure-specific mortality rate 
estimates were calculated using a 
Bayesian model that adjusted for 
small denominators. 

STAT Mortality Categories

O'Brien SM, Clarke DR, Jacobs JP, Jacobs ML, Lacour-Gayet FG, Pizarro CP, Welke KF, Maruszewski B, 
Tobota Z, Miller WJ, Hamilton L , Peterson ED, Mavroudis C, Edwards FH. An empirically based tool for 
analyzing mortality associated with congenital heart surgery. The Journal of Thoracic and 
Cardiovascular Surgery, 2009 Nov;138(5), November 2009.



Operations were sorted by increasing risk and grouped 
into 5 categories that were designed to 

• minimize within-category variation
and 
• maximize between-category variation

STAT Mortality Categories

O'Brien SM, Clarke DR, Jacobs JP, Jacobs ML, Lacour-Gayet FG, Pizarro CP, Welke KF, Maruszewski B, 
Tobota Z, Miller WJ, Hamilton L , Peterson ED, Mavroudis C, Edwards FH. An empirically based tool for 
analyzing mortality associated with congenital heart surgery. The Journal of Thoracic and 
Cardiovascular Surgery, 2009 Nov;138(5), November 2009.
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STAT Category

Combined ECHSA/EACTS and STS Congenital Heart Surgery Databases:   

111,494 index cardiac operations

Jacobs JP, Jacobs ML, Maruszewski B, Lacour-Gayet FG, Tchervenkov CI, Tobota Z, Stellin G, Kurosawa H, 
Murakami A, Gaynor JW, Pasquali SK, Clarke DR, Austin EH 3rd, Mavroudis C.  Initial application in the 
EACTS and STS Congenital Heart Surgery Databases of an empirically derived methodology of 
complexity adjustment to evaluate surgical case mix and results.  Eur J Cardiothorac Surg. 2012 
Nov;42(5):775-80. doi: 10.1093/ejcts/ezs026. Epub 2012 Jun 14.  PMID:  22700597.
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STAT Morbidity Categories

STS Morbidity Score and Categories
were developed based on analysis of 62,851 operations  
entered in the STS Congenital Heart Surgery Databases

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.



Procedure-specific morbidity rate 
estimates were calculated using a 
Bayesian model that adjusted for 
small denominators. 

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.
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Operations were sorted by increasing risk and grouped 
into 5 categories that were designed to 

• minimize within-category variation
and 
• maximize between-category variation

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.

STAT Morbidity Categories



• Model-based estimates with 95% Bayesian credible intervals were calculated 
for each procedure’s average risk of major complications and average 
postoperative length of stay. 

• These 2 measures were combined into a composite morbidity score. 
• A total of 140 procedures were assigned scores ranging from 0.1 to 5.0 and 

sorted into 5 relatively homogeneous categories.

STAT Morbidity Categories

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.
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Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.



• Individual elements of the complication end point were considered 
on the basis of their potential impact on patients’ health status, 
including durable, long-lasting effects.

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.

STAT Morbidity Categories



• Individual elements of the complication end point were considered 
on the basis of their potential impact on patients’ health status, 
including durable, long-lasting effects.

• We acknowledge that validated data describing relationships 
between some individual complications and late health status are not 
readily available.

Jacobs ML, O'Brien SM, Jacobs JP, Mavroudis C, Lacour-Gayet F, Pasquali SK, Welke K, Pizarro C, Tsai F, 
Clarke DR.  An empirically based tool for analyzing morbidity associated with operations for congenital 
heart disease.  J Thorac Cardiovasc Surg. 2013 Apr;145(4):1046-1057.e1. doi: 
10.1016/j.jtcvs.2012.06.029. Epub 2012 Jul 24.  PMID:  22835225.

STAT Morbidity Categories
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What is an 
intraoperative/intraprocedural 
complication and what is part of the 
routine of cardiac surgery?

intraoperative/intraprocedural complications
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intraoperative/intraprocedural 
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routine of cardiac surgery?

WE NEED RULES

intraoperative/intraprocedural complications



What is an 
intraoperative/intraprocedural 
complication and what is part of the 
routine of cardiac surgery?

RULES

intraoperative/intraprocedural complications



1. Arrhythmia necessitating pacemaker, Temporary pacemaker
2. Arrhythmia requiring drug therapy
3. Arrhythmia requiring electrical cardioversion or defibrillation
4. Unexpected cardiac arrest, Timing = Cardiac arrest (MI) during or following 

procedure (Perioperative/Periprocedural = Intraoperative/Intraprocedural 
and/or Postoperative/Postprocedural)

RULES



1. Arrhythmia necessitating pacemaker, Temporary pacemaker
Do not code this complication if the need for temporary pacing is no longer 
present by the time the patient leaves the operating theatre.
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1. Arrhythmia necessitating pacemaker, Temporary pacemaker
Do not code this complication if the need for temporary pacing is no longer 
present by the time the patient leaves the operating theatre.
2. Arrhythmia requiring drug therapy
Do not code this complication if the patient is in the operating theatre and the 
arterial cannula is connected to the patient.
3. Arrhythmia requiring electrical cardioversion or defibrillation
4. Unexpected cardiac arrest, Timing = Cardiac arrest (MI) during or following 

procedure (Perioperative/Periprocedural = Intraoperative/Intraprocedural 
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1. Arrhythmia necessitating pacemaker, Temporary pacemaker
Do not code this complication if the need for temporary pacing is no longer present by the 
time the patient leaves the operating theatre.
2. Arrhythmia requiring drug therapy
Do not code this complication if the patient is in the operating theatre and the arterial 
cannula is connected to the patient.
3. Arrhythmia requiring electrical cardioversion or defibrillation
Do not code this complication if the patient is in the operating theatre and the arterial 
cannula is connected to the patient.
4. Unexpected cardiac arrest, Timing = Cardiac arrest (MI) during or following procedure 

(Perioperative/Periprocedural = Intraoperative/Intraprocedural and/or 
Postoperative/Postprocedural)

Do not code this complication if the patient is in the operating theatre and the arterial 
cannula is connected to the patient.

RULES



Therefore, the following scenarios are NOT coded as complications:



Therefore, the following scenarios are NOT coded as complications:

1. A patient who 
• required temporary pacing after weaning from cardiopulmonary bypass
• subsequently returned to normal sinus rhythm prior to leaving the OR and
• was not paced when leaving the OR.



Therefore, the following scenarios are NOT coded as complications:

1. A patient who 
• required temporary pacing after weaning from cardiopulmonary bypass
• subsequently returned to normal sinus rhythm prior to leaving the OR and
• was not paced when leaving the OR.

2. A patient who required cardioversion or defibrillation following 
removal of the aortic cross-clamp removal, during CPB support.
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Minor Data Requests
How often do complications happen?



Minor Data Requests - example
“I am interested in writing a paper about Complete repair of Truncus 
Arteriosus in patients who weigh less than 2000 grams?”

How often does this happen?



Complete repair of Truncus Arteriosus

Weight at Surgery Number of index cardiac operations Operative Mortality

All Patients

All patients less than 2.500 grams

All patients less than 2,000 grams

All patients less than 1,800 grams

All patients less than 1,500 grams

All patients less than 1,000 grams

Specifications: Surgery between January 1, 2011 and December 31, 2015



Complete repair of Truncus Arteriosus

Weight at Surgery Number of index cardiac operations Operative Mortality

All Patients 773 73 / 772 (9.5%)

All patients less than 2.500 grams 108 14 / 108 (13.0%)

All patients less than 2,000 grams 24 7 / 24 (29.2%)

All patients less than 1,800 grams 15 4 / 15 (26.7%)

All patients less than 1,500 grams 4 1 / 4 (25.0%)

All patients less than 1,000 grams 1 0 / 1 (0.0%)

Specifications: Surgery between January 1, 2011 and December 31, 2015



Complete repair of Truncus Arteriosus with Valvuloplasty of truncal valve or Valvuloplasty of 
aortic valve

Weight at Surgery Number of index cardiac operations Operative Mortality

All Patients

All patients less than 2.500 grams

All patients less than 2,000 grams

All patients less than 1,800 grams

All patients less than 1,500 grams

All patients less than 1,000 grams

Specifications: Surgery between January 1, 2011 and December 31, 2015



Complete repair of Truncus Arteriosus with Valvuloplasty of truncal valve or Valvuloplasty of 
aortic valve

Weight at Surgery Number of index cardiac operations Operative Mortality

All Patients 66 10 / 66 (15.2%)

All patients less than 2.500 grams 8 2 / 8 (25.0%)

All patients less than 2,000 grams 1 1 / 1 (100.0%)

All patients less than 1,800 grams 1 1 / 1 (100.0%)

All patients less than 1,500 grams NA NA

All patients less than 1,000 grams NA NA

Specifications: Surgery between January 1, 2011 and December 31, 2015
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The Society of Thoracic Surgeons Advances in Quality & 
Outcomes Conference (Formerly known as the Data 
Managers Meeting), Marriott Minneapolis City Center, 
Minneapolis, Minnesota, November 1, 2007.
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