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Abstract  

Purpose of review: The National Pediatric Quality Improvement Collaborative (NPCQIC) was 

established to improve outcomes and quality of life in children with hypoplastic left heart 

syndrome and other single ventricle lesions requiring a Norwood operation. The NPCQIC 

consists of a network of providers and families collecting longitudinal data, conducting research, 

and using quality improvement science to decrease variations in care develop and spread best 

practices and decrease mortality. 

 

Recent findings: Initial descriptive investigation of the collaborative data found interstage care 

process variations, different surgical strategies, diverse feeding practices and variable intensive 

care unit approaches between centers and within sites. Analysis and evaluation of these practice 

variations have allowed centers to learn from each other and implement change to improve 

processes. There has been an improvement in performance measures and a 39.7% reduction in 

mortality. 



   

Summary: The NPCQIC has shown in a rare disease such as hypoplastic left heart syndrome that 

a network based on multicenter collaboration patient (parent) engagement and quality 

improvement science can facilitate change in practices and improvement in outcomes.  

Key phrases: Congenital heart disease, quality improvement, Hypoplastic left heart syndrome, 

cardiology outcomes 

  



  

Introduction 

Congenital heart disease (CHD) is the most common birth defect.  Despite many 

advances in health care, children with one of the most serious forms of CHD, hypoplastic left 

heart syndrome (HLHS), are still a highly vulnerable, medically fragile population.  Individual 

cardiac centers care for small numbers of HLHS children and thus there have been no consensus 

guidelines for management.  Furthermore, for such rare diseases it is difficult for single centers 

to make significant improvements in the care for these children.  Large clinical networks allow 

centers to use a large group experience to study rare diseases.  Quality improvement (QI) science 

has shown that reducing practice variation leads to better outcomes, safer practice, cost savings 

and improved operating efficiency. (Anderson et al., 2012; Ghanayem et al., 2003; Jenkins et al., 

1995; Johnson et al., 2008; O'Connor et al., 1996; Simone & Lyons, 1998; Srinivasan et al., 

2009) Precedent has been set in other groups such as the Northern New England Cardiovascular 

Disease study group, the Children’s Oncology group and Cystic Fibrosis Network demonstrating 

that multicenter collaboration and QI science improves outcomes.(Birkmeyer et al., 2000; Hewitt 

M, 2003); O'Connor et al., 1996; Pui & Evans, 1998)  These collaborative networks allow teams 

to learn from each other, test changes to improve quality, use collective experience and data to 

understand what works and implement changes in practice. (Lannon & Peterson, 2013) 

Development of a Collaborative Network  

In 2003, the Joint Council on Congenital Heart Disease (JCCHD) was formed as an 

alliance among pediatric cardiologists, congenital cardiothoracic surgeons and adult congenital 

heart disease specialists.  This group assembled an executive committee of cardiologists (Robert 



Beekman, John Kugler, Tom Klitzner, Kathy Jenkins, Gerard Martin, Steve Neish, Geoff 

Rosenthal and QI lead Carole Lannon) which developed and launched the National Pediatric 

Cardiology Quality improvement Collaborative (NPCQIC) in 2006.  The NPCQIC is a large 

clinical learning community modeled after the Institute of Medicine Learning Health System 

framework. (The Learning Healthcare System: Workshop Summary, 2007)  Within the 

collaborative, patients, families, clinicians and researchers from multiple centers work together 

to improve care and outcomes using data for clinical care, improvement and research. The 

mission statement of the NPCQIC is to “dramatically improve outcomes of care for children with 

congenital heart disease through a national QI collaborative network of providers working 

together to collect longitudinal data and conduct QI research intended to accelerate the 

development and transition of new knowledge into practice” (Table 1).(Kugler et al., 2009)   

The initial QI project of the NPCQIC was aimed to reduce mortality and improve quality 

of life in infants with HLHS and other complex single ventricle lesions during the interstage 

period (the time between discharge after the Norwood and admission for the bidirectional Glenn 

procedure).  The interstage is a particularly hazardous time for these infants. There is no single 

corrective procedure for HLHS; instead patients undergo a series of palliative procedures. The 

first surgery occurs in the newborn period (Norwood operation with a Blalock-Taussing (BT) or 

Sano shunt or Hybrid procedure).  The second stage, a bidirectional Glenn (BDG) procedure is 

typically performed between 4-6 months and the third stage, a Fontan procedure is performed 

between 2-4 years of age.  Patients with HLHS have shunt dependent pulmonary blood flow 

during the interstage period between the Norwood and BDG, making this a particularly 

vulnerable time. Mortality from the Norwood operation has been reported as high as 19 % and 

then this is compounded by interstage mortality which can be as high as 15%.(Jacobs et al., 



2011; Kugler et al., 2009; Tabbutt et al., 2012; Tweddell et al., 2002) In addition to significant 

mortality these infants are at risk for  poor growth, feeding problems, phrenic nerve injury, renal 

dysfunction, seizures, developmental delay and prolonged hospital stay. (Dooley & Bishop, 

2002) Because of these significant risks the interstage period was chosen for the initial QI effort. 

To improve survival and quality of life during the interstage period we chose to focus on 

appropriate care transitions, optimizing nutrition and improved care coordination as key drivers 

(Figure 1). The key driver diagram was modified later, with the addition of family engagement 

as the fourth key driver.  Change strategies for each key driver and outcome measure focused on 

mortality, growth, and care transitions (including discharge communication, follow up care, 

clinic visit process and care coordination) were identified through literature, expert opinion and 

family input .(Kugler et al., 2009) Individual centers utilize a web-based database that allows 

secure data entry from all clinic sites in REDcap (Research Electronic Data capture department 

of Medical Informatics, Vanderbilt University, TN). Data are entered at specific intervals 

(enrollment, neonatal surgery, hospital course, and discharge from Norwood surgical admission, 

interstage clinic visits (scheduled and unscheduled), BDG and death and are then combined from 

all centers for analysis.  To identify small changes with rare events G charts are utilized to 

calculate days between events. For example, figure 2 demonstrates the number of patients who 

completed the BDG between each death. 

NPCQIC leadership at the collaborative and local level includes parents, clinicians and 

researchers.  Information on the NPCQIC is available on the internet (https://jcchdqi.org/) and 

available to the public. Participating centers can login for up-to-date center statistics, links to 

scientific resources, care tools (feeding bundles, emergency room cards, red flag action template) 

and message boards.  Centers receive monthly updated data reports on their outcomes (i.e. 



growth, mortality as it compares to the collaborative as whole). The collaborative has grown 

from 6 original sites to now 57 centers in 33 states.  Sites and individual practioners can use their 

participation to fulfill maintenance of certification (MOC) credits for the American Board of 

Pediatrics. Workgroups within the collaborative focus on addressing specific issues and 

problems including transparency, feeding and growth, mortality, readmission, and 

neurodevelopmental outcomes.  There is a Research and Publication Committee that evaluates 

research requests from participating centers and approves release of de-identified datasets for 

their analyses.  Centers participate in monthly action period calls and semi-annual face-to-face 

meetings.  During action period calls, members call in to learn about research/subgroup updates, 

new initiatives, share success stories, consider how to address barriers, and open discussion.  

During the semi-annual meetings, medical teams and parents come together to share information 

and further develop and spread best clinical practices.  Quality improvement measures using 

“Plan-Do-Study-Act (PDSA)” cycles are utilized to implement test of changes and promote 

improvement in processes. Sharing of processes between centers is deeply encouraged to identify 

best practices and improve care.(Langley GL, 2009) 

Parents have become key partners in the NPCQIC collaborative.  Parents were invited to 

attend semi-annual meetings and provide their perspective to care from initial diagnosis to 

admission for the BDG.  Because of the valuable insight gained from parents attending the 

meetings NPCQIC partnered with Sisters by Heart (SBH) to further increase parent involvement.  

The president of SBH became part of the NPCQIC leadership team in 2013. SBH provides 

support, hope, and empowerment to families facing, and living with, a diagnosis of HLHS.   

SBH is working to connect and link HLHS families across the United States, to create a tight-

knit national community. SBH has created a patient-powered, national database giving HLHS 



families the ability to locate each other.  The current SBH database is populated by over 600 

families treating at cardiac centers across the nation.	  

Parents from the HLHS community, along with participating care centers, co-govern 

NPCQIC.  Parents are engaged in all aspects of the collaborative including leadership, research, 

workgroups, and committees. Notably, NPCQIC’s Transparency Workgroup is co-led by a 

parent and cardiologist and is made up of equal numbers of parents and practitioners (Figure 3). 

NPCQIC parent and clinician members worked together to identify and develop a resources page 

on the collaborative website to educate and empower HLHS parents and families and provide 

resources for clinician teams. The tools and resources include a welcome letter to parents/from 

parents, a care transitions video, interstage emergency card information, questions to ask when 

selecting a pediatrician, a hospital packing list, and organizations of interest. Parents also 

developed a Book of Hope with stories from HLHS families and children and a Single Ventricle 

Q&A to facilitate conversation and transparency between care providers and parents. 

A recent advancement in parent-practitioner partnership began when SBH witnessed 

parents discussing research articles online, drawing conclusions from abstracts and 

asking/answering questions about studies related to their HLHS child. SBH approached NPCQIC 

about their concern of parents drawing inaccurate conclusions and requested NPCQIC provide 

research write-ups for parents. NPCQIC responded, creating the “Research Explained” series, led 

by NPCQIC’s Research and Publication Committee. “Research Explained” is very popular 

amongst the HLHS community and provides background of a specific study, results and 

limitations of the study, and takeaway messages for parents. The Research and Publication 

Committee includes three parent members who vet studies and assist clinicians in “Research 

Explained” write-ups. 



Over the years, parents have strongly advocated that the QI work extend beyond the 

interstage.  This has led to the development of NPCQIC “Phase 2” which will extend the QI 

efforts from initial diagnosis through the first year of life, with a keen focus on the need to 

support parents and families of infants with HLHS.  With parent input, NPCQIC widened its 

scope and now includes the following Phase 2 design teams: 1) prenatal and birth, 2) intensive 

care, 3) surgical, 4) neurodevelopmental, and 5) family quality of life.  Parents and practitioners 

are working together to identify best practices to improve outcomes and drive the collaborative 

to share data more transparently in order to “get better faster.”  	  Many publications have come 

from data, best practices and collaborations collected from the NPCQIC.  Since its inception the 

NPCQIC has been able to make important observations on care transitions, feeding and growth, 

prenatal care, surgical repair, intensive care unit management. The initial observational papers 

outlined practice variations that allowed centers to learn from each other and implement change 

to improve outcomes.	  

Research within the Collaborative Network 

Previous studies have reported variable effect of prenatal diagnosis (PND) on 

outcomes.(Kipps et al., 2011; Tworetzky et al., 2001)  Seventy five percent of HLHS infants 

enrolled in the NPCQIC are prenatally diagnosed.  PND was highly variable within the centers, 

with 100% of infants prenatally diagnosed in some centers and others only 40%.  There were 

significant differences between the infants with PND and those without PND in preoperative 

ventricular dysfunction, acidosis, preoperative ventilator support, and duration of time of 

postoperative mechanical ventilation. However, there were no differences between the groups in 

postoperative complications, interstage death and course at BDG.(Brown et al., 2015)  



Surgical data were analyzed from the first 100 patients in the NPCQIC cohort. (Brown et 

al., 2011) Only centers that entered data for greater than 4 patients over 18 months were included 

in the analysis.  The median age at stage I palliation was 5 days (range 2-78 days), and the most 

common operation was the Norwood with Sano shunt (55% of the cohort).   The mean 

cardiopulmonary bypass was 137 min (38-403 min) with most sites between 100-200 minutes.  

The median cross clamp time was 48 minutes (0-148 min).  There was significant center specific 

variation in these two measures.  The median circulatory arrest time was 10 min (0-79 minutes) 

with significant variation between surgical sites.  Finally there was variation in the depth of 

hypothermia with a median temperature of 19◦ (range 14-35.1◦).  As the number of centers and 

infants undergoing the Norwood operation increase it is possible that we will be able to 

understand the impact of practice variations on outcomes. 

Post-operative care was evaluated in this same cohort of patients and again practice 

variation was seen.  The median intensive care unit (ICU duration) was 11 days (3-68 days), with 

a shorter length of stay among hybrid vs. Sano or BTS (9 days vs. 11 or 18 days).  Patients with 

aortic atresia, who underwent BTS or needed reoperation, remained in ICU longer.(Baker-Smith 

et al., 2011)  Most patients received inotropic support (milrinone>dopamine>epinephrine). The 

most common complications were neurologic, infection or arrhythmia.  Patients who underwent 

the hybrid procedure had the least number of complications (20%) and the most complications 

were seen in patients who underwent the Sano shunt (49%).  Site volume was not able to be 

assessed but there was not a higher complication rate in sites that had higher ICU length of stays. 

This early descriptive study provides thought for further evaluation as the number of patients in 

the collaborative perhaps now will allow greater comparisons. 



Communication between care providers and surveillance strategies varied widely across 

the collaborative.  In the beginning stages of the collaborative there were few centers that met 

goal of “complete discharge information”.   Schidlow et al found that only 26% of primary care 

providers received complete discharge communication including a written medication list, 

nutrition plan, and red flag list.(Schidlow et al., 2011)  In addition, there was a discrepancy 

between what information was communicated to the primary care provider and the primary 

cardiologist.  There was also large practice variation in interstage surveillance.  The majority of 

infants had pulse oximetry and weight monitoring, however 4 centers utilized pulse oximetry 

only and 19 had no home surveillance.  Other studies have shown improved outcomes when care 

coordination is improved between subspecialists, primary care providers and families.(Cooley, 

McAllister, Sherrieb, & Kuhlthau, 2009; Klitzner, Rabbitt, & Chang, 2010) . In a recent 

evaluation of NPCQIC data we have seen a standardization in processes since 2011 (see figure 

4).(Jeffrey B. Anderson MD MBA & Martin MD, 2014)  Measures of performance have 

significantly improved in many aspects of patient care, specifically improved complete care 

plans, complete communication to the PCP, post-care coordinator identification, updated 

preventive care plan, updated written medical list and updated written red flag action plan (see 

figure 5). 

Regionalization of care was demonstrated by the observation that the majority of patients 

received care from a different site then the location of their surgery.  There was no significant 

difference in mortality if patients were cared for at the surgical site or a nonsurgical site. 

[27]However, there were more emergency room visits and readmissions in the group of patients 

who were followed at their surgical site. The distance from surgical site did not affect mortality. 



Most deaths were at home or in the emergency room.  The importance and implication of these 

differences are unclear. 

Poor growth and malnutrition is common in patients with HLHS and can be associated 

with increased infection risk, increased hospital stay and mortality following surgery.(Cameron, 

Rosenthal, & Olson, 1995) Previous studies have demonstrated a relationship between poor 

nutritional status and longer length of stay after the Glenn operation.(Anderson et al., 2009) 

Despite the high prevalence of growth failure in infants with HLHS there have been no 

consensus guidelines for feeding and growth.  Factors contributing to growth failure include 

inadequate calorie intake, high metabolic demands, gastrointestinal pathology and genetic and 

extracardiac anomalies. (Gingell RL, 1989; Srinivasan et al., 2009) Early collaborative data 

showed significant variation in growth between centers. An early study evaluated 132 infants 

identified from 16 sites (sites that enrolled >4 pt), and the median time to full enteral feeds was 

13 days.(Anderson et al., 2012)  Of the patients in this study, eighty three percent had some oral 

feeds, 46% were supplemented with nasogastric tube (NGT), nasojejuenal (NJT) and 8% with a 

gastrostomy tube (GT). Measurements evaluated include absolute weight and weight for age 

(WAZ) at initial admission, at discharge after Norwood and admission for BDG. Zero change in 

WAZ was scored as >0 = positive growth and <0 negative growth.  Sites with positive WAZ 

used: 1. Standard evaluation of feeding, 2. home scales for interstage weight checks, 3. regular 

phone contact, 4. specific weight gain /loss red flags. From the identification of the practice 

variation, a best practices feeding bundle was developed; including:  1. Interstage weight 

monitoring with home scales, 2. Use of “red flags” for interstage weight monitoring, 3. Regular 

contact with families at home regarding weight gain and feeding, 4. Availability of a dietician to 



manage interstage nutrition questions, and 5. Standardized evaluation of feeding ability post-

Norwood prior to discharge to interstage.(Anderson et al., 2012; Slicker et al., 2013)   

Anderson et al then evaluated the effect of the nutrition bundle on patients enrolled in the 

collaborative after the bundle was developed and distributed. (Anderson et al., 2014) These 

authors evaluated WAZ scores between the time periods before and after the bundle were 

disseminated. The nutrition bundle eliminated the variation between centers and improved 

growth in the collaborative.  Furthermore the sites with the most improvement were those that 

had early initial poor outcomes. This article demonstrates that finding and developing best 

practices results in decreased variation in care and improved outcomes. (Anderson et al., 2014) 

Choice of feeding tubes was also analyzed and at discharge from stage 1 palliation 56% 

of patients required supplementation with a feeding tube.(Hill et al., 2014) Thirty seven percent 

of these patients did not need supplementation by the end of the interstage period. At the time of 

stage 2 palliation, 62% were orally fed, 8% NGT, 9% oral and NGT, 14% GT only and 6% oral 

and GT. The authors found no growth advantage in modality of supplemental feeding tube. 

 Cross et al evaluated the collaborative wide data to identify risk factors for interstage 

mortality.(Cross, Harahsheh, McCarter, & Martin, 2014)  They found that the diagnosis of 

HLHS incurred more mortality compared to other single ventricle lesions. The next highest 

increase in relative risk of mortality was prescription of antiseizure medication at stage 1 hospital 

discharge. Earlier gestational age had an increased risk of mortality and infants with a gestational 

age < 34 weeks had nearly 50% mortality. The method of feeding also had increased risk, with 

those who were NGT and NJT fed having a RR of mortality of 5.5 over oral and GT feedings. 

Patients with an interstage readmission had an 8% mortality rate vs. 3% without a readmission. 



There was a 3.1 relative risk of mortality if no primary cardiologist was identified. There were 

additional risk factors that were of borderline significance, including; HLHS subgroups of aortic 

stenosis/mitral stenosis, aortic atresia/mitral atresia, birth weight < 2.5 kg, female gender, and 

patients with >30% of clinic visits due to red flag events.  Some of these risk factors are 

modifiable and their identification can lead to improved counseling and development of 

strategies for improved care processes. 

The primary outcome measure of the NPCQIC is mortality. To date, 1163 infants have 

completed the interstage period.  Of those, 1050 underwent stage 2 palliation, 18 underwent 

transplant and there were 96 mortalities. Since January 2013 there has been a significant shift in 

mortality with a decrease from 10.4% to 5.9% (see figure 5). This improvement in mortality is a 

relative reduction in interstage mortality of 39.7%. (Anderson JB)There have not been any 

changes in surgical techniques or medical based therapies to account for this change.  This 

overall reduction in mortality is a significant improvement in outcomes and may be attributed to 

decreased practice variation and better processes as developed and implemented by the 

collaborative.(Jeffrey B. Anderson MD MBA & Martin MD, 2014) 

Conclusion 

The NPCQIC is a unique resource linking many centers caring for children with a 

relatively rare condition, which has enabled decreased variation in processes, improved 

interstage growth and a significant decrease in interstage mortality.  Databases created by the 

collaborative allow for creative collaboration and networking for the improvement of science and 

of patient care. This process can be related to other types of congenital heart disease and be more 

broadly utilized. Future efforts within the collaborative will include a focus on care and 



outcomes from initial (often fetal) diagnosis to one year of age, including collaboration with 

surgeons and intensivists and an emphasis on developmental screening and family support.   

  

 

 

Key Points 

Development of collaborations such as the NPCQIC are important in pediatrics as each center 

may only have a small number of patients and it is difficult to create change and improve 

outcomes within individual centers. 

The NPCQIC provides a collaborative network in which many centers can work together to 

reduce practice variation and improve patient outcomes. 

Utilizing parents as partners in quality improvement, working side-by-side with physicians, 

nurses, and dieticians is important in the success of the collaborative. 

 

  

Ref 21 * An important article on the impact of prenatal diagnosis in large number of interstage 

patients. 

Ref 32 **A key article demonstrating decreased practice variation leads to improved outcomes. 

Ref 33 * A significant article evaluating growth and feeding modalities. 



Ref 34 ** An important article identifying potential risk factors for interstage mortality. 
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Table 1 

1. The goal of the QI initiative is to improve care and outcomes for children with cardiovascular 
disease 

2. The JCCHD will determine major directions in the development of this QI initiative through 
its delegation to the QI initiative Steering Committee. A strategy will be developed and 
implemented to facilitate the communication about the initiative with the larger pediatric 
cardiology community. 

3. The QI initiative, through multiple improvement projects, will address the spectrum of 
pediatric cardiovascular inpatient and outpatient care, including case finding, diagnosis, 
treatment, recovery, discharge, and follow-up (including hand-offs).  The initiative will be a 
well-focused project. 

4.  A national, multi-institutional database for the purpose of supporting QI projects will be part 
of this initiative.  Where related databases exist that may be beneficial to the QI initiative, they 
will be utilized to the extent possible. 

5. The QI initiative will seek to involve all pediatric cardiology programs and practices, from 
small to large.  We will make an effort to emphasize inclusion of all programs with pediatric 
cardiology fellowships because they are our future. 

6. Quality improvement science, emphasizing the Model for Improvement, will be the preferred 
approach taken by these projects. 

7. An emphasis will be placed on including patients, parents and families in the design and 
implementation of projects. We will strive to be inclusive of diverse cultures and values. 

8. The QI initiative will take a collegial approach to the involvement of important related 
specialties, including cardiothoracic surgery, pediatric critical care medicine, anesthesia, nursing, 
social work and child life. 
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Figure Legend 

Table 1. Guiding Principles of NPCQIC (Kugler et al., 2009) 

Figure 1.  Key Driver Diagram 

Figure 2.  Mortality G-chart, number of patients who completed Glenn between each death.  The 

last point is the number of patients who completed Glenn since the last death. 

Figure 3. NPCQIC Organizational Structure 

Figure 4. NPCQIC improved clinical process measures 

Figure 5. NPCQIC Cumulative Mortality 
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