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Abstract 

 

The prevalence of congenital heart disease (CHD) is rising, particularly among adults. 

The rise is particularly prominent for CHD with complex lesions. The impact of these changes 

on the healthcare system/resource is not known.  

The first part of this thesis used the hospital discharge abstract data from the Canadian 

Institute for Health Information and assessed temporal changes in hospitalizations of CHD 

patients in Canada from 2003 to 2009. Poisson regression analysis was performed to assess 

temporal changes in the hospitalization rate, stratified by age, sex, and severity of CHD. 

Increasing inpatient service utilization over time was observed among adult CHD patients 

particularly in older patients and those with complex CHD.     

The second part of this thesis focused on determining the readmission rate among CHD 

patients and identifying risk factors associated with readmission. Poisson regression was used to 

analyze the readmission rates by age, sex, and severity of CHD. Logistic regression analysis was 

performed to identify risk factors associated with readmission within two weeks and one month 

after discharge. The hospital readmission was common among CHD patients particularly among 

patients aged 40 years or older, males and those with complex CHD.     

 The pattern of inpatient health service utilization by CHD patients in Canada presented 

in this study would help policy makers to adopt appropriate strategies to meet the increasing 

demands of this expanding population. In addition, findings on readmission and associated risk 

factors from our study would facilitate clinicians to identify high-risk patients. We need further 

studies focusing on the healthcare cost of hospital admissions as well as unplanned readmission 

among CHD patients. 
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Chapter 1 

 Introduction 

1.1 Literature review 

1.1.1 Congenital heart disease 

Congenital heart disease (CHD) is the most common birth defect leading to infant 

mortality (1, 2) and disability in youth and adult life (3). Congenital heart disease is defined as “a 

gross structural abnormality of the heart or intra-thoracic great vessels that is actually or 

potentially of functional significance” (4). Over the past two decades, survival of children with 

CHD to adolescence and adulthood has increased due to improvements in medical and surgical 

management in early childhood - resulting in a rapidly growing adult CHD population (5).      

1.1.1.1 Prevalence 

Incidence is defined as the number of new cases developed in a defined population over a 

period of time. Given the definition of incidence, incidence for CHD would be the number of 

new cases of CHD in utero since CHD is a developmental defect occurring during the gestational 

period. However, because of termination of pregnancy or spontaneous abortion, the number of 

cases in-utero cannot be readily measured. Therefore, birth prevalence is the most practical 

measure of expressing disease burden at birth for CHD (6). 

Hoffman et al. reviewed 44 international articles that measured the birth prevalence of 

CHD. In most of the literature, the birth prevalence rate was approximately 8/1,000 live births 

varying between 4/1,000 live births and 50/1,000 live births (7).
 
The prevalence of moderate and 

severe forms of CHD was about 6/1,000 live births and increased to 19/1,000 live births if 
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bicuspid aortic valve was included (7). The prevalence of CHD including all forms increases to 

75/1,000 live births when tiny muscular ventricular septal defect (VSD) and other trivial lesions 

are considered (7). 

An English study found 1,942 cases of CHD in a population of 377,310 live births after 

reviewing all births in one health region (Newcastle) between 1985 and 1994 resulting in an 

incidence of 5.2 per 1,000 live births (8). However, in most population-based studies from the 

end of the 1990s onward, the reported prevalence of CHD ranges from 8 to 13 per 1,000 live 

births. In the US from 1998 to 2005, a study using data from a population based birth defects 

surveillance system in Atlanta reported a CHD prevalence of 8 per 1,000 live births and that of 

critical CHD (includes cyanotic defect, hypolastic left heart syndrome and pulmonary atresia) of 

1.6 per 1,000 live births (9). Using EUROCAT registry, a total 26,598 cases with CHD were 

reported in 16 European countries from 2000 to 2005 with a prevalence of 13/1,000 live births 

(10). Moos et al. conducted a population based study in Belgium using hospital based data and 

followed 111,225 children born in 2000 for 5 years. The documented prevalence of CHD was 8.3 

per 1000 live births in Belgium and 51% of them were girls (11). In the Netherlands, the 

prevalence of CHD increased from 7.3 to 11.3 per 1000 live births between 1977 and 2005. The 

prevalence started increasing in the early 1980s, and then became stable during the late 1990s 

(12). The underlying reasons for variation in reported birth prevalence in different studies 

include variations in case ascertainment, type of CHD lesions included, inclusion of term or 

preterm babies and geographic areas included. 

In Canada, the Canadian Congenital Anomalies Surveillance System (CCASS) is an 

ongoing and passive population-based surveillance system established in 1996. The source of 

data for CCASS is the hospital Discharge Abstract Data (DAD) obtained from the Canadian 
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Institute for Health Information (CIHI). CHD cases are ascertained up to the first 30 days of life. 

In Canada the birth rate of CHD showed a decreasing trend from 1998 onwards. The reported 

birth rate of CHD was 11 per 1,000 total births in 1998, 9.5 per 1,000 total births in 2003 and 8.5 

per 1,000 total births in 2009 in Canada except the province of Quebec, including both live births 

and stillbirths (13). The rate of CHD was found to be different in different provinces; 

Newfoundland and Labrador, Quebec and Alberta showed approximately 1.2 to1.5 times higher 

birth rate of CHD than the Canadian average. Nunavut had almost two times increase in birth 

rate of CHD than the Canadian average. However, the estimates for Nunavut, Newfoundland and 

Labrador were not stable. British Columbia showed approximately 0.8 times lower rate and the 

rate was slightly lower in Manitoba and Newbrunswick than the Canadian average. (13). 

However, there are some limitations of the CCASS report: it uses only inpatient data. 

Consequently, cases diagnosed on an ambulatory basis are not captured. As well, some cases of 

CHD are not discovered in the first month of life. Prenatal diagnosis of congenital anomalies 

before 20 weeks of gestation that resulted in termination of pregnancy would not be captured 

(http://www.apheo.ca/index.php?pid=202). 

1.1.2 Changing Epidemiology of congenital Heart Disease 

1.1.2.1 Advances in diagnostic and therapeutic management 

Surgical procedures to repair congenital heart defects have been evolving over seven 

decades first starting back in 1938 with ligation of a patetnt ductus arteriosus (PDA) (14). Newer 

techniques are introduced to treat complex lesions (14). Availability of more effective diagnostic 

tools for example fetal echocardiography as well as better therapeutic and postoperative 

management of CHD patients have resulted in improved survival of CHD patients (15-19). In the 

http://www.apheo.ca/index.php?pid=202
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current era, patients with CHD are living longer leading to an increasing prevalence of CHD; 

pediatric patients now become postoperative adult survivors (20). 

1.1.2.2 Trends in mortality and improvement in survival  

Mortality of patients with CHD declined significantly over the past two decades.  

Whereas in the 1950s only 20% of infants or newborns with moderate or complex lesions 

survived their first year of life (21), more recent studies showed that 85% to 90% children with 

CHD survive to adulthood (22, 23). In Finland, a population-based retrospective analysis of 

6,336 CHD children who underwent pediatric surgery showed a 45-year (1953 to 1998) survival 

rate of 85% after excluding operative mortality (22). A study of 7,497 CHD patients born 

between 1970 and 1992 showed that among patients who were born between 1990 and 1992, 

approximately 90% survived to adulthood which was significantly higher than the preceding 

decade (23).
 

Two studies using CDC data reported reduced mortality in CHD patients over time in the 

US. The annual mortality among all ages of CHD patients decreased in the US by about 39% 

from 2.5 to 1.5/ 100,000 population between 1979 and 1997 (24). The decline in mortality was 

even more profound during a more recent time period; a 50 to 75% reduction in mortality was 

found (depending on the CHD lesion) between 1980 and 2005 (25). 

In addition, mortality due to arrhythmia and heart failure has been decreasing over time 

irrespective of age and type of lesion. Arrhythmia was the primary cause of death before 2000, 

while myocardial infarction was a more common cause after 2000 (25). 

In England between 1995/1996 and 2003/2004, a hospital-based study showed that the 

age-standardized population mortality rate with CHD reduced by 26% across all ages in patients 
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with CHD as the primary diagnosis (26). The mortality reduction reported in this study was 

lower than those published in other studies. The lower reduction may have been due to the fact 

that the study population was hospitalized patients, i.e., more complicated patients.  

Although mortality rate reduced in all ages, disproportionate reduction in mortality was 

observed across the age groups. In the English study, the largest proportionate decrease was in 

children between 1 to 4 years followed by children aged 5 to 14 years. Among all deaths, 40% of 

deaths occurred in adults aged 45 years and older (26). Similar to this finding, in Quebec the 

largest reduction in mortality was in children with CHD; the mortality rate in children with CHD 

reduced by 59% exceeding that of children in the general population. By contrast, the reduction 

in mortality rate of adult CHD patients was 16%, very similar to that of the general adult 

population. However, in patients aged 65 years and above the mortality rate remained stable. 

Moreover, survival of CHD patients improved more (37% mortality reduction) in later period 

(2002 to 2005) than that observed in the first period of study (1987 to 1990) (27).  

In addition, median age at death increased indicating that most patients are surviving to 

adolescence and adulthood (24). Marelli et al. found that the median age at death increased in 

CHD patients from 2 years to 23 years during the observation period of 1987 to 2005 (27). 

Mortality rate was consistently higher in males than females over the period of study (26). This 

is consistent with the fact that complex cyanotic lesions like transposition of great arteries and 

hypoplastic left heart syndrome are more common in male patients and patients with complex 

CHD are vulnerable to develop more complications. 

Survival patterns also differ by type of lesions. A longitudinal follow up for 43 to 54 

years of a total of 1,000 children with CHD, having the first initial cardiac consultation at the 
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University of Minnesota between 1952 and 1963 showed normal survival of patients with 

ventricular septal defect (VSD), atrial septal defect (ASD) and patent ductus arteriosus (PDA) 

but lower survival in patients with aortic stenosis and cyanotic defects such as transposition of 

great arteries (TGA) and tetralogy of Fallot (TOF). However, survival was lower if VSD, ASD 

and PDA are associated with other conditions (28). 

Now more effective interventions are available for moderate and complex CHD leading 

to significant improvement in survival with time among patients with moderate and severe 

defects. The mortality rate declined substantially in TGA (71%) and TOF (40%) for all age 

patients in the US between 1979 and 2005 (25).
 
In Quebec 67% reduction in mortality has been 

observed in children with severe CHD between 1987 and 2005 (27).  

Though birth prevalence of CHD has been falling in Canada over time, improvement of 

survival of these patients would contribute to the increasing prevalence of CHD patients, 

particularly in adults. Also the distribution of types of CHD is changing over time. Therefore, 

there will be more adult CHD patients as well as more patients with complex CHD seen in 

foreseeable future. 

1.1.2.3 Demographic shift and increasing burden  

Improvement in survival of CHD children to adulthood leads the epidemiology of 

congenital heart disease to change over time with emergence of a new expanding population of 

adults with CHD. Congenital heart disease should be considered now a life-long condition 

spanning from fetal life to advanced age.   

A systematic review of 10 studies revealed the worldwide prevalence of CHD in adults to 

be approximately 3 per 1,000; 3% and 15% of them accounted for severe and moderate lesions, 
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respectively (29). The data should be interpreted cautiously as the review did not depict the 

regional differences and substantial heterogeneity existed across the studies in terms of different 

case definitions and data collection methods. 

A population-based study showed increasing prevalence of CHD both in children and 

adults in Quebec. Over a 15-year period of study, the prevalence of CHD increased by 73% in 

children whereas in adults it increased by 14%. The largest increase in prevalence over time was 

in 13 to 18 years of age followed by those in 18 to 25 years. In addition, the prevalence of severe 

CHD increased more in adults compared to that in children (85% vs. 22%). Though the 

prevalence of CHD was higher in children, the absolute number of adults with CHD was higher 

than that of children and the number of adults and children with severe CHD was nearly equal by 

the year 2000 (5). Another study conducted in Quebec reported that, among the adult general 

population, a 37% increase in the prevalence of CHD in 18 to 64 years age from 1990 to 2005; 

but constant in the population of 65 years old and above (30).  

A study conducted in one health region of UK predicted that each year there would be 

more than 1,600 cases added to the existing adult CHD population. This number was predicted to 

continue to increase linearly over time and with increasing complexity (8).   

 In the year of 2000, the prevalence of CHD was 11.9 per 1,000 children, 4.1 per 1,000 

adults and 5.78 per 1,000 in the general population in Quebec. Extrapolating these observed 

prevalence to the Canadian population of 24 million, the authors estimated around 96,000 of the 

Canadian adult population would have CHD in the year 2000, and 9,000 of them would have 

severe lesions (5). According to Task Force 1 of the 32
nd

 Bethesda conference, by the end of 

2006 the number of adult survivors with CHD would increase to 124,000 (21).
 
In 2000, the total 
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number of adults living with CHD in the United States was estimated to be 800,000; 47% of them 

had simple CHD, 38% with moderate CHD and 15% with simple CHD (21). It is estimated, 

using the data from an English study (8) to the population of 280 million in the U.S that in the 

U.S, there would be 8,960 new adult CHD cases each year. Extrapolating the Canadian data to 

the US population, in 2010 there would be approximately 2 to 3 million CHD patients in US; 

among them the estimated number of children would be between 975,000 and 1.4 million and 

that of adult would be between 959,000 and 1.5 million (31). 

1.1.3 Impact of congenital heart disease 

1.1.3.1 Impact on patients’ health 

In patients with CHD, the physiology of the body’s system is compensated due to the 

presence of long standing heart defects and most of the therapeutic interventions are reparative or 

palliative leading to residual injuries, sequelae or complications later on (32). Problems arising in 

CHD patients may be electrophysiologic disturbances, valve disease, persistent intracardiac 

shunting, myocardial dysfunction, lesions of the pulmonary or systemic circulation, problems 

associated with prosthetic materials, infectious complications, thromboembolic event or 

extravascular disturbances affecting multiple organs and systems. The problems may arise due to 

defect itself, effect of therapeutic procedures, hemodynamic abnormalities or complications (33). 

Infective endocarditis 

Infective endocarditis (IE) is one of the most important complications occurring in CHD 

patients particularly in patients with valvular lesions and postoperative patients such as shunt, 

prosthetic valve or conduit (34, 35). The most frequent complications leading to death in IE 

patients are valvular regurgitation (30%), cardiac failure (23%) and systemic emboli (23%) (36). 
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In CHD patients who had surgical repair before 19 years of age, 25-year cumulative 

incidence of IE following surgery varied between 1 and 11.5 cases per 1,000 patient years (37). 

In a large population-based cohort of children with CHD, who were followed up to 18 years of 

age since birth, the cumulative incidence of IE was 6.1 per 1,000 children or 4.1 per 10,000 

patient years (38). On the hand, the incidence of IE was 3 times higher in adult CONCOR 

(CONgenital CORvitia)  CHD patients (11 per 10,000 person years) compared to that of children 

reported in earlier study (39). Moreover, the incidence of endocarditis has increased with the 

growing population of patients with CHD (40). 

Risk of IE depends on the type of CHD present; defects that lead to high velocity or 

turbulent flow of blood such as VSD, aortic stenosis, coarctation of the aorta are found to be 

associated with higher risk of IE (41, 42). In children, cyanotic defects, endocardial cushion 

defects and left sided lesions predispose to IE more frequently than ASD (38). The cumulative 

incidence of IE after 25 years post surgery was 1.3% for TOF, 2.7% for isolated VSD, 3.5% for 

coarctation of aorta, 13.3% for valvular aortic stenosis and 2.8% for premium atrial septal defect 

(37). The pattern of IE has changed over time; target being transitioned to corrective surgery 

with prosthetic valve, complex cyanotic CHD, small VSD and dental cause (43). It can be 

expected as rising number of adult CHD patients and patients with complex lesions resulting in 

increased incidence of IE in these patients than before. 

Arrhythmia 

Electrophysiological disturbances like arrhythmias are the most frequent long-term 

complication of CHD leading to morbidity (44) and sudden cardiac death (26%) in adulthood 

(45). Patients with CHD are 8 times more likely to experience atrial fibrillation in comparison to 
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their age and sex matched control (46). It remains the most common cause of hospitalization in 

adult CHD patients (47, 48) and 37% of emergency admissions in CHD patients are due to 

arrhythmia, particularly supraventricular tachyarrhythmias including atrial fibrillation and atrial 

flutter (49). 

Arrhythmia may occur in any type of CHD lesions; but the risk is high in moderate and 

complex defects (50, 51). Patients with TOF, TGA and patients having Fontan procedure, atrial 

switch procedure mostly experience arrhythmia. About one third of patients with repaired TOF 

developed symptomatic atrial tachycardia (52). Among patients with single ventricle who had 

undergone a right atrial to pulmonary artery Fontan procedure, 50% developed atrial tachycardia 

within approximately 15 years of surgery (53). There are several underlying mechanisms for 

developing arrhythmia in CHD patients such as extensive suture line, damage to atria during 

performing atrial switch procedure and underlying hemodynamic abnormality (54). 

Heart failure 

Heart failure occurs in a considerable proportion of adults with congenital heart disease 

in their life time and is one of the major important causes of death in adult CHD patients (55). 

Patients with single or systemic right ventricles are particularly at risk (56, 57). 

Unlike infective endocarditis, which is more common in left sided heart defects, heart 

failure in patients with congenital heart disease is predominantly caused by right-sided heart 

disease (58-61).
 
Moderate to severe heart failure is present in approximately 40% of adult 

patients who underwent the Fontan procedure and in over 20% of those having the Mustard 

procedure (56, 62). 
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Coronary artery disease and cerebrovascular accident 

With aging the adult with CHD experienced the added risk of acquiring the coronary 

artery disease (CAD) and cerebrovascular accident which further increases the burden of the 

disease. Recent evidence suggests that coronary artery intimal proliferation, a precursor of 

atherosclerosis responsible for development of CAD, is common among young children with 

CHD, particularly among those who underwent congenital heart surgery (63). CAD was present 

in about 9.2% of 250 adult CHD patients who selectively underwent coronary angiography (64). 

Retrospective analysis of 208 patients with TOF revealed similar prevalence of cardiovascular 

disease as in the general population. However, in 29 to 39 years and 40 to 59 years old male 

patients, the prevalence were significantly higher than that of age and gender matched general 

population (30% vs. 14%; 63% vs. 29%) (65). However, in cyanotic CHD patients, cyanosis play 

protective role against the development of the atherogenesis of coronary artery by causing 

hypocholesterolemia, hypoxemia, upregulated nitric oxide, hyperbilirubinemia and low platelet 

counts (66).
 

A study using aggregated European and Canadian CHD population found 10 to 100 times 

higher incidence of cerebrovascular accident (CVA) in CHD patients compared to the general 

population. One in 50 adult patients may develop CVA through his or her mid-life. Patients with 

cyanotic lesions have 10 times higher risk than average to develop CVA. The types of CHD that 

lead to arrhythmia or thromboembolic event more frequently are associated with increased risk 

of CVA (67). 
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Other comorbid conditions or complications 

Beside the cardiovascular system, CHD also affects other organs or systems of body and 

may result in complications like glomerulopathy, proteinuria, hyperuricemia, brain abscess, 

respiratory tract infection, and pulmonary hypertension (68-72).
 
Some of them are rare 

conditions, but may pose serious life threatening effect. 

1.1.3.2 Impact on the health care system 

Because of the increasing prevalence of CHD particularly in adults, the healthcare service 

utilization has been rising throughout the lifespan of CHD patients. A U.S study found more than 

two times increase in the annual number of hospitalization among adult CHD patients between 

1998 and 2005 which account for 357% increase in total national charges for adult CHD 

admissions. Moreover, patients having complex CHD had more comorbid conditions than those 

having simple CHD. The number of comorbid conditions increased leading to increase hospital 

costs (73). Another study conducted in Belgium observed higher expenditure in health care for 

patients with CHD compared to the age and gender corrected expenditures for the general 

population (74). In England, 16% increase in the age-standardized hospitalization rate has been 

found in CHD patients over a 10-year period; mostly among the older patients of 45 to 64 years 

old. In the UK, patients with CHD showed higher care resource utilizations than patients with no 

CHD in terms of more referral to specialist care, higher number of prescription issued and 

increased number of GP consultations (26, 46). 

Investigation of CONCOR (CONgenital CORvitia) CHD populations showed that the 

hospital admission rate in the year 2005 was high in all age groups, ranging between 11% in the 

youngest age group and 68% in oldest age groups. Moreover, the hospital admission rate was 2 
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to 3 times higher in CONCOR CHD patients above 30 years of age than that of the Dutch CHD 

population; with a more prominent increase in older age patients. Majority of the hospital 

admissions were cardiovascular origin (61%) especially arrhythmia (75). 

In Canada, data regarding the healthcare service utilization in CHD patients are scarce. A 

Quebec study observed a higher rate of healthcare service utilization in adults with CHD patients 

between 1996 and 2004. Among adult CHD patients, 91% had GP visits, 87% received 

outpatient specialist care, 68% visited emergency room and around half of the patients needed 

hospitalization over eight years period of study. Hospitalization rate and mean length of hospital 

stay were higher in CHD patients relative to that in the general population (76). Another 

population-based study found a higher readmission rate among children with CHD especially in 

severe lesion over a 15-year period in Quebec (77). There has been 44% and 269% increase in 

patients receiving ambulatory care in the Toronto Congenital Cardiac Centre for adults between 

1987 to 1992 and 1992 to 1997, respectively (78). However, none of these studies showed how 

the healthcare burden has been changing among CHD patients in Canada across different age 

groups. 

1.2 Knowledge gap and justification of this study 

From the above discussion, the prevalence of CHD is rising particularly in adults as most 

patients born with CHD now survive to adulthood. There are now more adult CHD patients than 

children and the number of adults with CHD would continue to increase. Majority of the patients 

have reparative or at least palliative surgery in their early life. Therefore, survivors of CHD are 

mostly postoperative patients. These patients are at increased risk of developing sequelae due to 

intrinsic defect, secondary to therapeutic intervention or hemodynamic abnormality. In addition, 
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CHD patients acquire other comorbid conditions in their adulthood. As a result, burden on the 

healthcare system by CHD patients is increasing, particularly with increasing age, complexity of 

the disease. The epidemiology of healthcare utilization by CHD patients is expected to be 

changing over time with changing epidemiology of CHD. There are several studies showing 

increase in healthcare service utilization in CHD patients in different countries. However, data is 

lacking in Canada.  

This thesis used hospital discharge abstract data from 2003 to 2009 obtained from CIHI. 

The dataset contains demographic and clinical information of patients receiving inpatient care in 

Canada except Quebec. This study will help us to understand the extent and pattern of healthcare 

service utilization by CHD patients and identify any preventable factor leading to excess use of 

resources. Moreover, we can also have better ideas regarding the effective allocation of 

healthcare resources in order to provide the unique services for the benefits of the patient. 

1.3 Objectives and hypotheses  

In my first paper presented in Chapter 2, I aimed to measure the extent of hospitalizations 

among CHD patients in Canada and to determine temporal changes over time from 2003 through 

2009. It is important to identify the characteristics of patients who are utilising the services the 

most. Therefore, the objective was to determine the hospitalization rate of CHD patients by age, 

sex, and severity of CHD. I hypothesized that with time the hospitalization of CHD patients 

would be increasing with more increase in adult patients and patients with complex CHD.  

The length of stay is also an important indicator of healthcare burden as occupying 

hospital beds for longer duration is associated with increased resources use. Some patients might 

require multiple admissions; therefore the total length of hospital stay per patient will best reflect 
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inpatient resource utilization. I calculated the median length of stay per hospitalization and 

median total length of stay (over the study period) for CHD patients and describe by age, sex, 

and severity of CHD. 

In Chapter 3, my second paper focusing on the readmission of CHD patients after 

hospitalization is presented. Readmission is defined as a hospital admission following the first 

(index) admission during the study period.  Patients requiring readmission pose significant 

burden on h ealthcare systems. Understanding the characteristics of readmitted patients has both 

clinical and public health implications. Therefore, I intended to determine the readmission rate in 

CHD patients at 2-week (14 days), 1-month (31 days), 3-month (90 days) and 1-year (365 days) 

following discharge from the index hospitalization. Our second objective was to identify the 

factors predisposing to readmission in CHD patients.    
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Chapter 2 

Epidemiology of hospitalization of Congenital Heart Disease 

patients in Canada from 2003 to 2009 

2.1 Abstract 

Background: The impact of rising populations of congenital heart disease on the inpatient care 

is not known in Canada. This paper aimed to assess temporal changes in hospitalizations of CHD 

patients.  

Methods: We identified all patients with CHD diagnosis, receiving inpatient care during the 

fiscal years 2003 to 2009 in Canada from hospital discharge abstract data of the Canadian 

Institute for Health Information. Poisson regression analysis was performed to assess temporal 

changes in the annual hospitalization rate. The analysis was also stratified by patients’ 

characteristics including age, sex and severity of CHD. 

Results: In Canada, a total 68,099 hospitalizations occurred in 43,182 patients with CHD from 

fiscal years 2003 to 2009, with an average increase of the number of hospitalizations of 1.1% per 

year. The number of hospitalizations increased by 3% per year in adults but there was no change 

in children: the greatest increase was in the patients aged 40-64 years followed by those 65+. The 

annual hospitalization rate was stable during the study period varying between 38 and 40 per 

100,000 persons (p=0.52). The total length of stay was longest among infants, age 65+, males 

and complex CHD patients.      



26 
 

Conclusion: We found high inpatient service utilization among CHD patients, particularly adults 

≥ 40 years, infants, males and complex CHD patients. The number of hospitalizations with CHD 

increased over time particularly among adults ≥40 years. The growing patient population and 

their increasing number of hospitalizations have implication on the adult cardiology programs 

and their inpatient health care resources.    
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2.2 Introduction  

Congenital heart disease (CHD) is the most common birth defect with a birth prevalence 

of 8 to 10 per 1,000 livebirths (1). With improving survival (2), the prevalence of CHD is rising 

rapidly in adults, and adults with CHD now outnumber children with CHD. In addition, the 

distribution of different types of CHD has also changed with an increasing prevalence of severe 

CHD among adults compared to children (3, 4). Adult patients with CHD are at risk of 

developing late consequences related to CHD and associated interventions (5, 6). Moreover, they 

may acquire other co-morbid conditions with aging. The impact of this changing demographic on 

the number of adult CHD clinic visits has been previously described in Canada (7). However, the 

impact of this changing demographic on inpatient care is not known. Therefore, objectives of this 

paper are: a) to determine temporal changes in the hospitalization rate among CHD patients in 

Canada; b) to assess temporal changes in the hospitalization rate by patients’ characteristics 

including age, sex, and severity of CHD; and c) to determine temporal changes in length of 

hospital stay and compare by patients’ characteristics. 

2.3 Methods 

2.3.1 Study design and data source 

We conducted an observational retrospective cohort study using administrative hospital 

discharge abstract data from the Canadian Institute for Health Information (CIHI) in order to 

examine the hospitalization of CHD patients in Canada. CIHI is a national database that contains 

demographic and clinical information of patients who come into contact with inpatient services. 

Acute care facilities from all provinces except Quebec submit their data to CIHI. Patients’ health 

care numbers and names were not provided to ensure the privacy of information.  
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2.3.2 Study population 

Inclusion criteria: Our study population consisted of all patients, irrespective of their age, 

with a diagnosis of CHD receiving inpatient care during the fiscal years of 2003 to 2009 in 

Canada. CHD was identified based on International Classification of Disease, Ninth (ICD9) and 

Tenth (ICD10) Revision, from any of 25 diagnostic fields. The first diagnostic field was the most 

responsible (principal) diagnosis for a particular hospitalization and the remaining 24 diagnostic 

fields were secondary diagnoses.  

Exclusion criteria: We excluded patients with isolated patent ductus arteriosus (PDA) and 

those who lived in Yukon, Northwest Territories, Nunavut or Quebec even if they received care 

in hospitals of other provinces. We also excluded patients who were discharged alive on the 

same day of admission, assuming they were admitted for a day procedure. Hospitalizations 

within 24 hours of discharge were considered hospital-to-hospital transfers and therefore counted 

as single hospitalizations.         

2.3.3 Outcome measures 

Our primary outcome of interest was the annual number and rate of hospitalizations with 

CHD as a primary or secondary diagnosis and the annual number and rate of hospitalizations by 

age group, sex, severity of CHD and therapeutic intervention. For each year, we calculated the 

hospitalization rate by dividing the number of hospitalizations by the population size of Canada 

(less Yukon, Northwest Territories, Nunavut and Quebec) in the given year. The same procedure 

stratified by age, sex, and severity of CHD was applied to the calculation of annual 

hospitalization rates by age, sex, and severity of CHD.  



29 
 

Length of stay (LOS) was the secondary outcome. In the event of a hospitalization within 

24 hours of a discharge, the length of stay was measured as the duration between the first 

admission date and the second discharge date. We also assessed the total length of stay, defined 

as the total duration of hospital days (over multiple hospitalizations) per person over the seven 

year study period. For the total length of stay variable, age was defined as the age at first 

hospitalization during the study period (index hospitalization). 

2.3.4 Independent variables  

CHD lesions were grouped into three complexities: simple, moderate and complex, as 

previously defined (8). We classified patients with multiple CHD diagnoses based on the 

hierarchies of complexities. For example, if a patient had complex lesions and moderate or 

simple lesions, s/he was classified as a complex CHD patient. Similarly, patients with moderate 

and simple CHD lesions were categorised as moderate CHD patients. Age was categorized into 

six categories: infants (<1 year); 1-4 years; 5-17 years; 18-39 years; 40-64 years; and 65+ years. 

We used the Canadian Classification of Health Interventions (CCI) codes corresponding 

to ICD 10 codes and the Canadian Classification of Diagnostic, Therapeutic, and Surgical 

Procedures (CCP) codes corresponding to ICD9 codes to identify the therapeutic cardiovascular 

intervention performed during hospitalizations. The hospitalizations were grouped into 4 

categories based on the intervention procedure performed: no cardiac intervention; cardiac 

surgery only; cardiac catheterization only; or both cardiac surgery and catheterization.      
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2.3.5 Statistical analysis  

Characteristics of index hospitalizations (i.e., characteristics of patients) and all 

hospitalizations were described by frequency distributions and continuous variables such as 

length of stay (LOS) were described with median with interquartile range (IQR). Ten most 

common principal diagnoses during index and all hospitalizations were described by frequency 

distributions for children and adults separately. We expressed the annual hospitalization rate per 

100,000 persons. Poisson regression analysis was performed to assess temporal changes in the 

annual hospitalization rate. The numbers and rates of annual hospitalizations were also analyzed 

stratifying by age group, sex and severity of CHD. Length of stay and total length of stay were 

compared using Kruskal Wallis and Wilcoxon rank sum tests across the categories of age, sex 

and severity of CHD. Two sided p-values <0.05 were considered statistically significant. All 

analyses were performed using SAS statistical software (Version 9.3 SAS Institute, Cary, NC).  

2.3.6 Ethics 

All procedures of the study were approved by the Health Research Ethics Board at the 

University of Alberta. 

2.4 Results   

A total 43,182 patients with CHD were hospitalized in Canada from fiscal years 2003 to 

2009, accounting for a total 68,099 inpatient admissions over these years. During this period, 

31,449 (72.8%) patients had a single hospitalization; 6,377 (14.8%) had 2 hospitalizations; and 

5,356 (12.4%) had 3 or more hospitalizations. In-hospital death occurred in 2,487 (5.8%) patients 

and 1,431 (58%) of all deaths occurred at the time of index hospitalization. In Table 2.1, the 

characteristics of patients during the index hospitalization and all hospitalizations they 
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experienced during the study period are described. The principal diagnoses responsible for 

hospitalizations are reported in Table 2.2A for children and in Table 2.2B for adult patients.  

Among all hospitalizations, infants contributed to 41.5% followed by 40-64 years 

(17.6%) and patients age 65+ (14.9%). Male patients were predominantly (52.9%) hospitalized. 

Of all hospitalizations, 55.5% were for simple CHD and 32.8% were for moderate CHD patients. 

Among children, ventricular septal defect, atrial septal defect (ostium secundum) and respiratory 

illness were major principal diagnoses. On the other hand, acquired cardiovascular disease was 

mostly associated with hospitalizations in adults.   

The overall number of hospitalizations increased from 9,503 in 2003 to 10,142 in 2009, 

an average increase of 1.1% per year. However, the annual hospitalization rate was stable during 

the study period varying between 38 and 40 per 100,000 persons (p=0.52). 

 The number of hospitalizations increased in adults with the highest increase in the 40-64 

years old, followed by the patient age 65+. The number of hospitalizations increased per year by 

3.1% from 1,315 to 1,562 for the patient age 65+, 3.5% from 1,543 to 1,870 for 40-64 years old 

and 1.1% from 926 to 988 for 18-39 years old. In contrast, the number of hospitalizations did not 

change significantly in other age groups (<1 year, 1-4 years and 5-17 years).  

            From 2003 through 2009, the number of hospitalizations increased per year by 1.1% from 

5,000 to 5,337 for male and by 1.1% from 4,503 to 4,805 for female. 

Over the same period, the number of hospitalizations increased per year by 1.8% from 

5,107 to 5,661 among simple CHD patients and by 2.1% from 1,166 to 1,316 for complex CHD 

patients. No significant change was found over time for moderate CHD patients, however. 
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Infants consistently had the highest annual hospitalization rate over the seven year-period 

followed by 1-4 year olds and the patient age 65+ (Figure 2.1). The annual hospitalization rate 

was consistently higher for males with 41 to 43 per 100,000 persons; for females, the rate was 35 

to 37 per 100,000 persons. The annual hospitalization rate was higher for simple CHD patients 

ranging from 21 to 22 per 100,000 persons, followed by 12 to 13 per 100,000 persons for 

moderate CHD patients and 4 to 5 per 100,000 persons for complex CHD patients. 

With respect to changes in hospitalization rates, the hospitalization rate in infants 

decreased by a factor of 0.978 per year (95% CI 0.972 to 0.983, p<0.001). There was a small but 

statistically significant increase in the annual hospitalization rate observed per year for patients 

aged 40-64 years (Rate ratio 1.012, 95% CI 1.003 to 1.021, p=0.010) and for patients age 65+ 

(Rate ratio 1.014, 95% CI 1.004 to 1.024, p=0.005). In all other age groups, there were no 

significant changes in the annual hospitalization rate over the study period. There was no 

statistically significant change in the hospitalization rates over the study period for male or 

female patients, and for patients of any CHD severity. 

Length of stay 

The median LOS during the index hospitalization was 6 (IQR: 3-14) days. In Table 2.3, 

the LOS of index hospitalization is shown by patient characteristics including the 10 most 

common index hospitalization principal diagnoses. Index hospitalizations with diagnosis of 

hypoplastic left heart syndrome (HLHS) followed by transposition of great arteries (TGA) had 

longer duration of median LOS. The median total LOS per person over the 7-year study period 

was greatest in infants and the patient age 65+ at index hospitalization, males, and in those with 

complex CHD (Table 2.4).   
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2.5 Discussion 

To our knowledge, this is the first study to assess temporal trends of hospitalizations 

among CHD patients in Canada. We found that the inpatient service utilization was high 

particularly in infants, patients age 40+, males, and those with complex CHD among our study 

population. The absolute number of annual hospitalizations increased an average of 1.1% per 

year from 2003 to 2009. Hospitalizations with CHD in Canada increased more than that 

observed among all-cause hospitalizations which increased annually by 0.6%, 0.4% and 0.2% 

over three consecutive years from 2003/2004 to 2005/6 (9). 

A population based study in the UK reported a 9.7% increase in the number of 

hospitalizations with a primary diagnosis of CHD between 1995/1996 and 2003/2004, which is 

an average increase of 1.2% per year (10). This is similar to the observed increase in the number 

of hospitalizations among our study population.  However, the annual number of hospitalizations 

in adults with CHD in the U.S. more than doubled between 1998 and 2005, with an average 

increase of 14.6% per year (11). The larger increase in hospitalizations, relative to our findings, 

observed in the U.S study might be due to the difference in study methods. Hospitalizations with 

admission and discharge on the same date were excluded from our study. In contrast, the U.S 

study included hospitalizations with day procedures, which may have been performed with 

increasing frequency during their study period (1998-2005). In addition, these authors included 

PFO which may have been increasingly recognized during their study period. 

The annual hospitalization rate with CHD in our study was stable between 38 and 40 per 

100,000 persons including all age groups. The Canadian population experienced an average of 

1.1% growth per year from 2003 to 2009 which is the likely explanation of the increase in 
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hospitalization numbers with the stable annual hospitalization rates during the period studied 

(12). 

Using the CONCOR (CONgenital CORvitia)  Dutch national registry, a two to three 

times higher hospitalization rate was observed in adult CHD patients compared to that of the 

general Dutch population from 2001 to 2006 (13). In Quebec, the hospitalization rate among 

CHD children was higher than that of general population from 1996 to 2000 (14). All these 

studies investigated hospitalizations among specific age groups. However, we investigated 

hospitalizations among all age groups.  

In our study, the number of annual hospitalizations increased in adults (3% per year), but 

not in children. The greatest increase was observed in 40- 64 years old (3.5% per year) followed 

by patients age 65+ (3.1%). This is consistent with the growing population of adult CHD 

survivors (3). In contrast, the number of hospitalizations for infants and the other children 

remained stable over time.  

The annual hospitalization rate in infants, however, reduced by approximately 2.2% per 

year from 2003 to 2009. This is consistent with, but more than, the decreasing trend of birth 

prevalence of CHD in Canada, an average 1.7% decrease of prevalence per year (15). The annual 

hospitalization rate increased by 1.2% per year in 40-64 years old patients and by 1.4% per year 

in those 65+ years. 

In our study, we found consistently higher number and rate of annual hospitalization with 

males across the fiscal years compared to females. In a population based study, the prevalence of 

CHD was more common in female than male patients (3). However, there were more males 

among hospitalized patients, which might imply that male patients developed more 
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complications or comorbid conditions compared to females (16). Female patients have milder 

lesions (17) and experience lower mortality compared to male patients (18). Males with CHD are 

more likely to undergo surgery in infancy and adulthood and, have a worse outcome after 

reoperations in adulthood compared with females (18, 19). 

Our study showed more hospitalizations with simple CHD followed by moderate CHD 

patients. The annual number of hospitalizations increased per year in patients with simple (1.8%) 

and complex CHD (2.1%). Although the proportion of patients with complex CHD was less than 

those with simple or moderate CHD, there were disproportionately more admissions and more 

total hospital days among complex CHD patients. Complex CHD patients are more likely to 

develop late complications and require re-intervention than those with simple or moderate CHD 

(8).  

The principal diagnosis associated with hospitalization differed by age. In adults, cardiac 

events such as congestive heart failure, ischaemic heart disease, atrial fibrillation and atrial 

flutter were the most common reasons for hospitalization. Existing literature suggested that 

cardiac arrhythmia had been the most leading cause of hospitalization in adult CHD patients 

(13); however our data demonstrates that ischemic heart disease is resulting in hospitalizations 

among adults with CHD, and is consistent with other studies demonstrating that ischemic heart 

disease is an emerging problem in this population (20). On the other hand, in children, 

respiratory illnesses including pneumonia and acute bronchiolitis were more common diagnoses 

associated with hospitalization.   

The median LOS among our study population was 6 (IQR: 3-14) days which is consistent 

with the findings of 5 days (IQR: 2-13) reported among adult CHD patients in Belgium (21). 
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Complex CHD patients had the highest duration of total LOS, consistent with the findings of a 

population based study among Quebec CHD patients which reported a longer mean LOS in 

patients with severe lesions compared to other lesions (14).  

Strengths and limitations of the study 

The most important strength of our study is the use of a large nationally representative 

study population. The hospital discharge abstract database from CIHI captures all patients with 

congenital heart disease receiving inpatient care in Canada except Quebec, Nunavut, Yukon and 

the North West Territories. We examined CHD patients from all age groups which allowed us to 

compare inpatient resource utilization across age groups. This provided understanding of the 

extent of inpatient service utilization by age group which could be utilized for implementing 

appropriate strategies in allocating age-appropriate resources.   

An important drawback of using an administrative database is that it was not being 

constructed for research purposes; for example, the CIHI discharge abstract database is lacking 

demographic information such as socioeconomic status as well as information about the 

characteristics of hospitals including type and number of hospitals (tertiary vs. community 

hospital). Moreover, there exists hospital-to-hospital as well as across-province variation in 

recording health data. There may be a chance of misclassification of CHD as we relied on 

administrative data to identify CHD patients. Moreover, we used both ICD 9 and ICD 10 

diagnostic codes. Some CHD lesions have no unique ICD 9 code but have a unique ICD 10 code. 

However, only 5% of hospitalizations had a diagnosis with ICD 9 coding.  

We used the general population as a denominator in calculating the hospitalization rate. If 

there is disproportionate growth between the general population and the CHD population over 
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time, the hospitalization rate expressed per 100,000 persons in the general population might not 

show the actual trend of hospitalization rates among subjects with CHD.  

Our study population is limited to patients receiving inpatient care. This study does not 

represent the complete burden of CHD on health care systems as many CHD patients receive 

only outpatient care.  

We may have missed some patients with CHD receiving inpatient care if the CHD 

diagnosis was not coded in any of the diagnostic fields (misclassification). Many congenital heart 

defects are corrected or repaired during childhood and many patients survive to adulthood with a 

misconception of being “cured”. Therefore, when these patients are admitted for reasons other 

than CHD, there is a possibility that the CHD might not be coded as a diagnosis. Similarly, 

diagnosis of simple CHD might be missed if a patient with simple CHD was hospitalized due to 

a reason not related to CHD, such as injury. On the other hand, complex CHD patients were 

more likely to be admitted with complications of CHD, which might lead to a greater likelihood 

of their CHD diagnosis being coded. This might result in differential misclassification of CHD 

hospitalizations; consequently our results might underestimate hospitalizations with simple 

CHD.  

2.6 Conclusion 

The number of hospitalizations with CHD increased over time particularly in 40+ years 

patients. Though there were more hospitalizations associated with simple CHD, patients with 

complex lesions had disproportionately more admissions. This study will help us to understand 

the extent and pattern of inpatient health care service utilization by CHD patients. Adult 

cardiology programs require greater allocation of inpatient health care resources for this growing 
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population.
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Tables and Figures 

Table 2.1: Demographic and clinical characteristics of study subjects  

Characteristics Index hospitalizations,  

n (%) 

All Hospitalizations,  

n (%) 

Fiscal year   

2003 7,497 (17.4) 9,503 (14.0) 

2004 6,340 (14.7) 9,327 (13.7) 

2005 6,215 (14.4) 9,732 (14.3) 

2006 6,048 (14.0) 9,765 (14.3) 

2007 5,669 (13.1) 9,503 (14.0) 

2008 5,855 (13.6) 10,127 (14.9) 

2009 5,558 (12.9) 10,142 (14.9) 

Age groups   

<1 year 21,714 (50.3) 28,233 (41.5) 

1-4 years 2,041 (4.7) 5,862 (8.6) 

5-17 years 3,128 (7.2) 5,125 (7.5) 

18-39 years 4,463 (10.3)  6,760 (9.9) 

40-64 years 7,220 (16.7) 11,992 (17.6) 

65+ years 4,616 (10.7) 10,127 (14.9) 

Sex   

Female 20,356 (47.1) 32,069 (47.1) 

Male 22,826 (52.9) 36,030 (52.9) 

Length of stay, Median (IQR)  6 (3 - 16) 6 (3 - 14) 

Severity of CHD   

Simple 26,881 (62.3) 37,810 (55.5) 

Moderate 13,265 (30.7) 22,329 (32.8) 

Complex 3,036 (7.0) 7,960 (11.7) 

Cardiac intervention   

No intervention 30,513 (70.7) 47,773 (70.2) 

Cardiac surgery 9,180 (21.3) 14,456 (21.2) 

Cardiac catheterization 2,808 (6.5) 4,572 (6.7) 

Both cardiac surgery and 

catheterization 

681 (1.6) 1,298 (1.9) 
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Table 2.2A: Most frequent principal diagnosis in children (<18 years old) 

Index hospitalisations 

N= 26,883 

All hospitalisations 

N=39,220 

Principal diagnosis n (%) Principal diagnosis n (%) 

Ventricular septal defect 1,839 (6.8) Ventricular septal defect 2,347 (6.0) 

Ostium secundum atrial septal 

defect 

1,294 (4.8) Ostium secundum atrial septal 

defect 

1,489 (3.8) 

Coarctation of the aorta 680 (2.5) Pneumonia 1,086 (2.8) 

Other specified anomalies of 

heart 

621 (2.3) Tetralogy of Fallot 985 (2.5) 

Other anomalies of heart 594 (2.2) Acute bronchiolitis 912 (2.3) 

Tetralogy of Fallot 516 (1.9) Coarctation of the aorta 858 (2.2) 

Transpositon of the great arteries 482 (1.8) Other specified anomalies of 

heart 

785 (2.0) 

Down’s syndrome 469 (1.7) Transposition of the great 

arteries  

753 (1.9) 

Acute bronchiolitis 425 (1.6) Endocardial cushion defect 727 (1.9) 

Endocardial cushion defect 406 (1.5) Other anomalies of the heart 632 (1.6) 
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Table 2.2B: Most frequent principal diagnosis among adults 

Index hospitalisations 

N=16,299 

All hospitalisations  

N=28,879 

Principal diagnosis n (%) Principal diagnosis n (%) 

Non rheumatic aortic valve 

disorder 

2,085 (12.8) Non rheumatic aortic valve 

disorder 

2,570 (8.9) 

Ostium secundum atrial 

septal defect 

1,493 (9.2) Congestive heart failure 2,457 (8.5) 

Ischaemic heart disease 1,055 (6.5) Ostium secundum atrial 

septal defect 

1,853 (6.4) 

Aortic valve abnormality 789 (4.8) Ischaemic heart disease  1,740 (6.0) 

Congestive heart failure 691 (4.2) Atrial fibrillation and flutter 1,596 (5.5) 

Atherosclerosis of coronary 

artery without angina 

644 (4.0) Atherosclerosis of coronary 

artery without angina 

1,023 (3.5) 

Atrial fibrillation and flutter 592 (3.6) Aortic valve abnormality 928 (3.2) 

Non rheumatic mitral valve 

disorder 

381 (2.3) Non rheumatic mitral valve 

disorder 

546 (1.9) 

Infective endocarditis 301 (1.8) Infective endocarditis 476 (1.6) 

Pneumonia 201 (1.2) Pneumonia 472 (1.6) 
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Table 2.3: Length of stay during index hospitalization 

Variables Length of stay (days) 

Median (IQR) 

p-values 

Age groups   

<1 year 8 (3 – 26)  <0.0001 

1-4 years 4 (2 –  6)  

5-17 years 3 (1 – 5)  

18-39 years 4 (2 –  7)  

40-64 years 6 (3 – 10)  

65+ years 8 (5 – 15)  

Sex   

Female 5 (3 – 15) <0.0001 

Male 6 (3 – 16)  

Severity of CHD   

Simple 6 (3 – 14)  <0.0001 

Moderate 6 (3 – 16)   

Complex 9 (3 – 25)   

Principal diagnosis* (frequency >100) by 

highest length of stay 

  

Hypoplastic left heart syndrome  (266) 20 (7 – 41)  

Transposition of great arteries (493) 16 (7–  26)  

Infective endocarditis (335) 15 (9 – 30)  

Total anomalous pulmonary venous 

connection (107) 

14 (9 – 26)  

Down syndrome (472) 10 (5 – 22)  

Pulmonary artery atresia (106) 10 (4 – 23)  

Cardiomyopathy (128) 9 (5 – 20)  

Ischaemic heart disease (1,066) 8 (4 – 18)  

Atherosclerosis of coronary artery without 

angina (645) 

8 (5 – 14)  

Congestive heart failure (821)  8 (4 – 16)  

*In order to present the maximum resource utilization, the principal diagnoses with frequency >100 

were chosen. 



46 
 

Table 2.4: Total length of stay between 2003-2009 inclusive 

Characteristics of patients  Total length of stay (days) 

Median (IQR) 

p-values 

Age groups at index hospitalization   

<1 year 11.0 (3.6 – 32.0) <0.0001 

1-4 years 4.4 (2.4 – 10.1)  

5-17 years 4.3 (1.6 – 7.8)  

18-39 years 5.2 (2.5 – 10.5)   

40-64 years 8.1 (5.0 – 18.0)   

65+ years 15.3 (7.3 – 34.0)  

Sex   

Female 7.5 (3.2 – 23.1)  <0.0001 

Male 9.1 (4.2 – 24.5)   

Severity of CHD   

Simple 7.3 (3.3 – 20.8) <0.0001 

Moderate 9.2 (4.0 – 25.8)  

Complex 19.2 (6.8 – 47.0)  
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Figure 2.1: Age-specific annual hospitalization rate in Congenital Heart Disease patients in 

Canada (2003 – 2009)  
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Appendices 

Supplementary Table 2.1: Characteristics of all hospitalizations (CHD as primary and secondary 

diagnosis) by fiscal year from 2003-2009 

Characteristics 2003 

N=9,503 

14.0% 

2004 

N=9,327 

13.7% 

2005 

N=9,732 

14.3% 

2006 

N=9,765 

14.3% 

2007 

N=9,503 

14.0% 

2008 

N=10,127 

14.9% 

2009 

N=10,142 

14.9% 

Age groups        

<1 year 4,073 

(42.9) 

4,017 

(43.1) 

4,047 

(41.6) 

4,086 

(41.8) 

3,994 

(42.0) 

4,008 

(39.6) 

4,008 

(39.5) 

1-4 years 892 

(9.4) 

774 

(8.3) 

821 

(8.4) 

848 

(8.7) 

779 

(8.2) 

828  

(8.2) 

920 

 (9.1) 

5-17 years 754  

(7.9) 

732 

(7.9) 

759 

(7.8) 

702 

(7.2) 

686 

(7.2) 

698  

(6.9) 

794  

(7.8) 

18-39 years 926 

(9.7) 

896 

(9.6) 

973  

(10.0) 

1,002 

(10.3) 

944 

(9.9) 

1,031 

(10.2) 

988  

(9.7) 

40-64 years 1,543 

(16.2) 

1,560 

(16.7) 

1,750 

(18.0) 

1,706 

(17.5) 

1,704 

(17.9) 

1,859 

(18.4) 

1,870 

(18.4) 

65+ years 1,315 

(13.8) 

1,348 

(14.5) 

1,382 

(14.2) 

1,421 

(14.6) 

1,396 

(14.7) 

1,703 

(16.8) 

1,562 

(15.4) 

Sex        

Female 4,503 

(47.4) 

4,410 

(47.3) 

4,575 

(47.0) 

4,578 

(46.9) 

4,441 

(46.7) 

4,757 

(47.0) 

4,805 

(47.4) 

Male 5,000 

(52.6) 

4,917 

(52.7) 

5,157 

(53.0) 

5,187 

(53.1) 

5,062 

(53.3) 

5,370 

(53.0) 

5,337 

(52.6) 

Length of stay, 

Median (IQR)  

6 

(3 – 14) 

6 

(3 – 13) 

6 

(3 – 13) 

6 

(3 – 13) 

6 

(3 – 13) 

6 

(3 – 14) 

6 

(3 – 14) 

Severity of 

CHD 

       

Simple 5,107 

(53.7) 

5,086 

(54.5) 

5,444 

(55.9) 

5,505 

(56.4) 

5,310 

(55.9) 

5,697 

(56.3) 

5,661 

(55.8) 

Moderate 3,230 

(34.0) 

3,174 

(34.0) 

3,187 

(32.8) 

3,192 

(32.7) 

3,081 

(32.4) 

3,300 

(32.6) 

3,165 

(31.2) 

Complex 1,166 

(12.3) 

1,067 

(11.4) 

1,101 

(11.3) 

1,068 

(10.9) 

1,112 

(11.7) 

1,130 

(11.2) 

1,316 

(13.0) 

Cardiac 

Intervention 

       

No 

intervention 

6,754 

(71.1) 

6,707 

(71.9) 

6,865 

(70.5) 

6,831 

(70.0) 

6,641 

(69.9) 

7,058 

(69.7) 

6,917 

(68.2) 

Cardiac 

surgery 

2,049 

(21.6) 

1,955 

(21.0) 

2,013 

(20.7) 

2,025 

(20.7) 

1,947 

(20.5) 

2,172 

(21.5) 

2,295 

(22.6) 

Cardiac 

catheterization 

565 

(6.0) 

508 

(5.5) 

660 

(6.8) 

698 

(7.2) 

718 

(7.6) 

719  

(7.1) 

704  

(6.9) 

Both cardiac 

surgery and 

catheterization 

135  

(1.4) 

157 

(1.7) 

194  

(2.0) 

211 

(2.2) 

197 

(2.1) 

178 

 (1.8) 

226 

 (2.2) 
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Principal 

diagnosis 

       

Atrial septal 

defect (Ostium 

secundum) 

398 

(4.2) 

359 

(3.8) 

519 

(5.3) 

539 

(5.5) 

499 

(5.3) 

488  

(4.8) 

540  

(5.3) 

Congestive 

heart failure 

353 

(3.7) 

428 

(4.6) 

423 

(4.4) 

409 

(4.2) 

388 

(4.1) 

438  

(4.3) 

453 

 (4.5) 

Non rheumatic 

aortic valve 

disorder 

356 

(3.8) 

319 

(3.4) 

339 

(3.5) 

366 

(3.8) 

362 

(3.8) 

436  

(4.3) 

440 

 (4.3) 

Ventricular 

Septal Defect 

386 

(4.1) 

362 

(3.9) 

359 

(3.7) 

309 

(3.2) 

357 

(3.8) 

328  

(3.2) 

331  

(3.3) 

Ischaemic 

Heart Disease 

263 

(2.8) 

265 

(2.8) 

265 

(2.7) 

261 

(2.7) 

218 

(2.3) 

277  

(2.7) 

208  

(2.1) 

Atrial 

fibrillation and 

flutter 

224 

(2.4) 

242 

(2.6) 

251 

(2.6) 

245 

(2.5) 

240 

(2.5) 

230  

(2.3) 

240  

(2.4) 

Pneumonia 235 

(2.5) 

219 

(2.4) 

245 

(2.5) 

232 

(2.4) 

189 

(2.0) 

193  

(1.9) 

245  

(2.4) 

Aortic valve 

abnormalities 

204 

(2.2) 

197 

(2.1) 

194  

(2.0) 

169 

(1.7) 

163 

(1.7) 

185  

(1.8) 

229 

 (2.3) 

Tetralogy of 

Fallot 

149 

(1.6) 

150 

(1.6) 

146 

(1.5) 

163 

(1.7) 

162 

(1.7) 

137  

(1.4) 

135  

(1.3) 

Atherosclerosis 

of coronary 

artery without 

angina 

159 

(1.7) 

161 

(1.7) 

173 

(1.8) 

167 

(1.7) 

131 

(1.4) 

118  

(1.2) 

117  

(1.2) 
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Supplementary table 2.2: Proportion of patients with most frequent single CHD diagnosis   

Congenital heart defects n (%) 

Ostium secundum  atrial septal defect 9,719 (22.5) 

Aortic valve abnormality 4,660 (10.8) 

Ventricular septal defect 4,368 (10.1) 

Other specified anomalies of heart 2,584 (6.0) 

Pulmonary artery stenosis 1,917 (4.4) 

Unspecified anomalies of heart and circulatory system 1,575 (3.6) 

Coarctation of aorta 942 (2.2) 

Specified and other anomalies of great veins  842 (1.9) 

Transposition of great arteries 566 (1.3) 

Anomalies of aorta 501 (1.2) 

Endocardial cushion defect 486 (1.1) 

  



51 
 

Supplementary table 2.3: Proportion of patients with most frequent combination of two CHD 

diagnoses   

Combination of two congenital heart defects n (%) 

Ostium secundum  atrial septal defect and  

Patent ductus arteriosus 

2,246 (5.2) 

Ostium secundum  atrial septal defect and 

Ventricular septal defect 

993 (2.3) 

Ventricular septal defect and 

Patent ductus  arteriosus 

526 (1.2) 

Ostium secundum  atrial septal defect and 

Aortic valve abnormality 

130 (0.3) 

Other congenital malformation of pulmonary and tricuspid valve 

and 

Patent ductus  arteriosus 

110 (0.3) 
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Chapter 3 

Hospital Readmission of Congenital Heart Disease Patients in 

Canada 

3.1 Abstract 

Background: Little is known about hospital readmission in children or adults with congenital 

heart disease (CHD). We assessed readmission rates among CHD patients stratified by age, sex, 

and severity of CHD from 2003 to 2009 in Canada and identified risk factors associated with 

hospital readmission in CHD patients. 

Methods: A retrospective cohort study was conducted among CHD patients identified from the 

hospital discharge abstract database of the Canadian Institute for Health Information from 2003 

to 2009. Poisson regression was used to analyze the readmission rates by age, sex, and severity 

of CHD. Logistic regression analysis was performed to identify risk factors associated with 

readmission within 2-week and 1-month after discharge.  

Results: The readmission rates of CHD patients were 49 per 1,000 patients within 2-week, 84 

per 1,000 patients within 1-month, 164 per 1,000 patients within 3-month, and 352 per 1,000 

patients within 1-year. The 65+ patient had an approximately 1.4 to 1.8 times higher readmission 

rate compared to infants (p<0.001). The readmission rates of complex CHD patients were 2.4 to 

4.5 times higher than those of simple CHD patients (p<0.001), and moderate CHD patients had 

1.4 to 1.9 times higher readmission rates than simple CHD patients (p<0.001). CHD patients age 
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40+ years, males, and those with complex CHD were more likely to be readmitted within 2-week 

and 1-month. 

Conclusion: Hospital readmission was common in CHD patients, particularly adults aged 40+ 

years, males and those with complex lesions. Further studies are required to investigate the 

mechanism for unplanned readmission.  
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3.2 Introduction 

The number of adults with congenital heart disease (CHD) is rapidly increasing, 

particularly those with complex lesions (1). In Canada, it was estimated that the number of 

survivors with adult CHD increased by 70% from 96,324 in 2000 to 166,428 in 2010 (2). This 

growing population poses a significant burden on the health care system. Though many of these 

patients undergo reparative surgery in early stage of life, the potential of developing 

haemodynamic residua and other cardio-pulmonary complications are high in later life in these 

patients, particularly among those with complex defects (3, 4). A population-based case-control 

study showed a higher prevalence of comorbid conditions such as atrial fibrillation, heart failure, 

stroke, and chronic renal failure in CHD patients compared to age-sex-matched controls (5).  

Hospital admissions and readmissions represent a vast burden on health care resources 

and are more common in the CHD population compared to the age-sex-matched general 

population (7). In Canada, hospital readmissions cost approximately $1.8 billion in 2010 (6). 

Readmissions are in many cases avoidable and therefore warrant further investigation. However, 

little is known about hospital readmission in children or adults with CHD. Increasing 

hospitalizations with CHD over time, reported in several studies (7-9), warrants evaluation of 

risk factors for readmission in these patients. In this paper, we investigated CHD patients from 

all ages: (1) to assess the readmission rate among CHD patients from 2003 to 2009; and (2) to 

identify risk factors for hospital readmission in CHD patients. 
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3.3 Methods 

3.3.1 Study design and data source  

We conducted a retrospective cohort study to assess readmission of children and adults 

with CHD. We identified hospitalizations with a primary or secondary diagnosis of CHD 

between fiscal years 2003 and 2009 inclusive from the hospital discharge abstract database 

(DAD) of the Canadian Institute for Health Information (CIHI). This national database includes 

all acute care hospitalizations in Canada except the province of Quebec.  

3.3.2 Study population 

Patients with CHD regardless of their age who received inpatient care in Canada between 

fiscal years 2003 and 2009 were included. Exclusion criteria were patients with isolated patent 

ductus arteriosus (PDA), patients residing in Quebec, Nunavut, Yukon or the Northwest 

Territories, and hospitalizations with discharge dates being the same as the admission dates. We 

also excluded patients who died during the index hospitalization (i.e., the first hospitalization of 

each patient in the study period) as they were not at risk of readmission. Hospitalizations within 

24 hours of discharge were considered hospital-to-hospital transfers and therefore a single 

hospitalization event. In order to assess the proportion readmitted within a given time length 

(e.g., 2-week) after the day of discharge of the index hospitalization, we excluded index 

hospitalizations for which discharge dates were within the given time length (e.g., 2-week) to the 

end of 2009 fiscal year: for these hospitalizations, readmissions within the given time length 

were not fully recorded in our database. 
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3.3.3 Outcome measures 

Our primary outcome was the rate of readmission within a given time length after 

discharge from the index hospitalization. Readmission was defined as all hospital admissions 

within the 2-week (14 days), 1-month (31 days), 3-month (90 days) and 1-year (365 days) 

intervals following the index-hospitalization’s discharge date. For calculating the readmission 

rate within one of the specific time intervals, which is a cumulative outcome, we included all 

readmissions after the discharge from the index hospital admission. 

The secondary outcome was first readmission within 2-week and 1-month after discharge 

from index hospitalization: this was used to identify factors associated with readmission.  

3.3.4 Independent variables 

The independent variables examined were age, sex, neighborhood median household 

income, severity of CHD, Charlson co-morbidity index, length of stay, and day of week at 

discharge. Age, length of stay, Charlson co-morbidity index, and day of week at discharge were 

defined at the time of index hospitalization. Age was categorized into six categories: infants (<1 

year); 1-4 years; 5-17 years; 18-39 years; 40-64 years; and 65+ years. CHD lesions were grouped 

into three complexities: simple, moderate and complex, as previously defined (10). We classified 

patients with multiple CHD diagnoses based on the hierarchies of complexities. For example, if a 

patient had complex lesions and moderate or simple lesions, s/he was classified as a complex 

CHD patient. Similarly, patients with moderate and simple CHD lesions were categorised as 

moderate CHD patients. Length of stay was divided into 3 groups: ≤2-week, >2-week to 1-

month, and >1-month. For adult patients, we used the Charlson co-morbidity index to define the 

comorbid conditions (11, 12). Median household income in the forward sortation area (FSA) of 
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the patient’s residence was recorded as an indicator of socioeconomic status: this information 

was obtained from Statistics Canada. We divided our study population into four quartiles of 

neighborhood (FSA) median household income. Therefore, each quartile represents 25% of the 

study population. Days of week of discharge were grouped into two categories: Friday or 

Saturday and other days (Sunday to Thursday).  

3.3.5 Statistical analysis 

The readmission rate was reported per 1,000 patients (or 1,000 index hospitalizations). 

The numerator of the readmission rate was the number of readmissions within a given time 

period (e.g., 2-week), including multiple readmissions of a patient, after the discharge from the 

index hospitalization. The denominator was the number of index hospitalizations (which is the 

number of patients as well) in the study period with a sufficient follow-up time to allow the 

length of the given time period for readmission. Categorical variables were described by 

frequency distributions. 

Poisson regression analysis was performed to assess temporal changes in the readmission 

rate. The readmission rate was compared across the age groups, sex, and severity of CHD. 

We performed two separate multivariable logistic regression analyses to identify factors 

associated with readmissions within 2-week and 1-month following the index hospitalization. 

The independent variables we examined were age, sex, severity of CHD, length of stay, median 

household income, and days of week of discharge. We also assessed readmission in adults 

adjusting for the Charlson co-morbidity index in addition to other variables in a separate 

multivariable logistic regression model. Two sided p-values <0.05 were considered statistically 
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significant. All analyses were performed using SAS statistical software (Version 9.3 SAS 

Institute, Cary, NC). 

3.3.6 Ethics 

All procedures of the study were approved by the Health Research Ethics Board at the 

University of Alberta  

3.4 Results 

Among 68,099 hospitalizations during the study period, we identified 43,182 index 

hospitalizations, the first hospitalization of a subject during the study period. Total 1,431 (3.3%) 

patients died during index hospitalization and therefore, were excluded from the analysis. 

Among 41,540 subjects with a follow up of at least 2-week, 1,985 (4.8%) were readmitted with a 

readmission rate within 2-week of 49 per 1,000 patients. Among 41,261 patients with a follow up 

of at least 1-month, 3,195 (7.7%) were readmitted yielding a readmission rate within 1-month of 

84 per 1,000 patients. Among 40,425 patients with a follow up of at least 3-month, 5,291 

(13.1%) were readmitted with a readmission rate within 3-month of 164 per 1,000 patients. Of 

36,315 patients with a follow up of at least a year, 7,923 (21.8%) were readmitted within 1-year 

with a readmission rate within a year of 352 per 1,000 patients (Table 3.1).  

 Supplementary Figure 3.1 shows that readmission rate within 2-week, 1-month, 3-month 

and 1-year decreased slightly but similarly from 2003 to 2009 (Rate ratio 0.97, 95% CI 0.9 to 

1.0, p=0.004). 

Readmission rates are shown by age group in Figure 3.1. Among all age groups, the  

patient age 65+ had approximately 1.4 to 1.8 times higher readmission rate for all time periods 
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following the initial discharge, compared to infants (p<0.001). Readmission rates in 5-17 years 

old and 18-39 years old patients were significantly lower in 1-month, 3-month and 1-year than 

infants (p<0.001). In addition, 1-4 year old children had a 0.8 times lower readmission rate than 

infants but statistically significant at 1-month (p=0.008) and 3-month (p=0.004). 

 Figure 3.2 shows the readmission rate by severity of CHD. Patients with complex CHD 

experienced 2.4 to 4.5 times higher readmission rates following the initial discharge (p<0.001); 

and those with moderate CHD had 1.4 to 1.9 times higher readmission rates than those with 

simple CHD (p<0.001).  

The readmission rate was 1.1 times higher in male compared to females in 2-week 

(p=0.004), 1-month and 3-month (p<0.001). 

In adults, congestive heart failure, atrial fibrillation and flutter, and ischemic heart disease 

were the most common principal diagnoses at the time of readmission. On the other hand, in 

children, congestive heart failure and respiratory illnesses were the most common principal non-

CHD diagnoses during readmission (Supplementary table 3.1-3.4).    

Result of Logistic regression analysis for readmission within 2-week and 1-month 

In total 41,540 patients and 41,261 patients were analyzed to determine the odds ratio for 

readmission within 2-week and 1-month after the discharge from index hospitalizations, 

respectively. In Table 3.2 and Table 3.3, the characteristics of patients readmitted within 2-week 

and 1-month and adjusted odds ratios for readmission are presented.  

The 65+ and 40-64 years old patients were more likely to be readmitted compared to 

infants. The odds of readmission within 2-week was 1.3 times higher (95% CI 1.2 to 1.5, 
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p<0.001) in 40-64 years old patients and 2.3 times higher (95% CI 2.0 to 2.6, p<0.001) in the 

65+ patients than infants, after adjusting for sex, severity of CHD, neighborhood median income, 

index hospitalization length of stay, and day of week of discharge. Similar results were found for 

readmission within 1-month of discharge from index hospitalization (Table 3.3).  

The adjusted odds of readmission were slightly higher for male patients with CHD than 

female counterparts (OR 1.1, 95% CI 1.0 to 1.3, p=0.005) within 2-week, adjusting for age, 

severity of CHD, neighborhood median income, index hospitalization length of stay, and day of 

week of discharge: the result for 1-month was identical.  

Among CHD patients, odds of readmission increased with increasing severity of CHD.  

Within 2-week of discharge, the odds of readmission was 1.6 times higher for moderate CHD 

patients (95% CI 1.5 to 1.8, p<0.001) and 3.3 times higher for complex CHD patients (95% CI 

2.8 to 3.8, p<0.001) compared to simple CHD patients. The odds ratios of readmission within 1-

month was 4.0 for complex CHD patients (95% CI 3.5 to 4.5, p<0.001) and 1.7 for moderate 

CHD patients (95% CI 1.6 to 1.9, p<0.001), compared to simple CHD patients.   

Patients who stayed in hospital for ‘>2-week to 1-month’ or ‘>1-month’ had higher odds 

of readmission within one month compared to patients with hospital stay ‘≤2-week’ during index 

hospitalizations (OR 1.2, 95% CI 1.0 to 1.3, p=0.005 and OR 1.2, 95% CI 1.1 to 1.3, p=0.001, 

respectively).  

Patients from the lowest quartile of neighborhood median household income showed 

slightly higher; but statistically insignificant odds of readmission within 1-month compared to 

patients from the highest quartile (Table 3.3). There was no difference in odds of readmission 

within 2-week among patients who were discharged on Friday or Saturday compared to those 
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who were discharged on Sunday to Thursday (OR 1.0, 95% CI 0.9 to 1.1, p=0.63). A similar 

result was found for 1-month readmission with no difference by day of the week.  

Adults with 1-2 comorbidity index showed 1.4 times higher odds of readmission within 2 

weeks (95% CI 1.2 to 1.7, p<0.001) and those with 3+ comorbidity index had 2.0 times higher 

odds of readmission (95% CI 1.5 to 2.7, p<0.010) compared to adults with no comorbid 

condition adjusting for other variables. Similar result was found for readmission within 1-month. 

In supplementary table 3.5 and 3.6, odds of readmission in adults were presented adjusting for 

the Charlson co-morbidity index in addition to other variables.  

3.5 Discussion 

In this study, we investigated hospital readmission of CHD patients from all ages in 

Canada from 2003 to 2009. Approximately 5%, 8%, 13% and 22% of patients were readmitted 

within 2-week, 1-month, 3-month and 1-year respectively following the index hospitalization. 

Readmissions were more common in adults 40 years or older, males, longer index hospitalization 

stay and among those with complex lesions.  

The readmission rate observed in our study population was lower than that reported in a 

study conducted in children with CHD (≤17 years) in Quebec which reported the cumulative 

readmission of 9% (vs. 3.7%-4.6%  in this study) within  14 days and 14% (vs. 6.7%-8.4% in 

this study) within 31days (13). A case control study showed readmission rate within of 3.8% 

after the arterial switch procedure and 11.4 % after the Norwood procedure in neonate in 

children’s hospital in Boston (14).
 
In a population of 334,959 children largely without CHD 

discharged from hospitals in Ontario, around 3.4% of children were readmitted within one month 

of discharge (15).
 
An American study conducted in 72 children’s hospitals in 34 States reported 
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an all-cause unplanned readmission rate within 30 days of 6.5%, also largely among children 

without CHD (16). Contrary to U.S, Canada has publicly funded universal healthcare systems 

which might have resulted in lower readmission rate in the Ontario study than that observed in 

the U.S study. There is a paucity of data on readmission of adult CHD patients.  

In this study, we investigated both children and adult CHD patients for the readmission 

and compared the readmission across the age groups. Among children (<18 year), the 

readmission rate was significantly higher in infants at all-time points except 2-week. However, 

Mackie et al. in Quebec found 22% of infants were readmitted within one month compared to 

11% of older children (13).
  
Among adults (>18 years) in the current study, the readmission rate 

increased with increasing age at all-time points, with the highest readmission rate in 65+ years 

patients. This may reflect a greater burden of cardiac complications or co-morbid conditions in 

adults relative to the other age groups. It has been estimated that approximately 55% of adult 

CHD patients are at significant risk of premature death, re-operation and complications (10). 

Over the past six decades, the management of CHD has evolved significantly because of the 

provision of newer techniques (3). Many older patients with simple lesions may need to undergo 

surgery in adulthood (17). In addition, many adult CHD patients require re-intervention or 

revision of prior surgical procedures (17). At the time of transition from pediatric to adult 

cardiology care, many young adult patients become lost to follow up from specialist care and 

present later with overt symptoms of complications requiring multiple admissions (18-20). 

Readmission was slightly more common in male than female patients. Male patients may 

develop more complications or comorbid conditions requiring hospitalizations or interventions 

compared to females. Study using CONCOR (CONgenital CORvitia) Dutch national registry 
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showed that adult females with CHD were at lower risk of developing infective endocarditis 

(47%), aortic outcomes (33%) and arrhythmia (22%) than male (21).  

Patients in the lowest quartile had slightly higher odds of readmission within 1-month 

than that of patients in the highest quartile after adjusting for age, sex, severity of CHD, LOS, 

and day of week of discharge. Lower SES has been found to be a predictor of readmission 

among patients with heart failure; patients from the lowest quartile were 1.2 times more likely to 

be readmitted than those form highest quartile (22). SES might influence utilization of health 

care services even in a universal health care system in Canada. A study using data of a national 

population health survey done in 1994 in Canada showed that, although patients from lower SES 

had more visits to primary care providers, those with higher SES had more specialist visits (23). 

We found a substantial effect of CHD complexity on readmission. The readmission rate 

was appreciably higher in patients with complex CHD followed by those with moderate and 

simple CHD patients. Data from Quebec is consistent with these observations, where the 

readmission rate within 31 days was approximately 1.5 times higher was among children with 

severe lesions (13). Patients with complex CHD are more likely to develop complications due to 

the disease itself or associated with prior surgical or catheter interventions (24).  

We hypothesized that patients, who stayed in hospital for longer duration, might be sicker 

relative to other patients and therefore, required more readmission. We found that longer 

duration of hospital stay was significantly associated with readmission within 1-month. Our 

finding is parallel to that reported among children with CHD in Quebec (13).Days of discharge 

has been shown to be important an predictor for readmission (13). However, days of discharge 

had no significant effect on readmission in our study.  
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Adult patients develop comorbid conditions like diabetes, cardiovascular events or renal 

disease with aging (5). We used the Charlson co-morbidity index to measure the burden of 

comorbidity on readmission in adult CHD patients. In our study, adults with more comorbid 

conditions were more likely to be readmitted.  

Strengths and limitations of study 

We did not have any data on outpatient management or clinical events among study 

subjects. Out of hospital death and migration to other countries or provinces were not included in 

the study. We assumed patients who were not readmitted were alive throughout the study period 

and censored at one year: this might not be a valid assumption. We were unable to distinguish 

planned from unplanned hospital readmissions, though both represent a burden on health care 

systems and affected individuals.  

We used an administrative database which has limited clinical information and is prone 

to misclassification. We did not have any information on the location or type of hospital (tertiary 

care vs. community). We used neighbourhood median household income in FSA, which is an 

aggregate measure, as a proxy of patients’ socioeconomic status. Substantial heterogeneity was 

observed across individual income within the same FSA in Alberta (25). Using Statistics Canada 

Census data from 1996, authors found that FSA-based income level misclassified over 50% of 

the subjects compared to income quintiles based on enumeration area (EA) (26). Since EA is a 

smaller unit than FSA, there is less variation in income level within the same EA.   

 Despite these limitations, use of a national-level administrative database allowed us to 

capture a large sample from all hospitals in all provinces of Canada except Quebec and the 
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territories. We included all age groups, unlike prior studies, which allowed a broad perspective 

as the number of adults with CHD is increasing and CHD is a lifelong condition.  

3.6 Conclusion 

In summary, hospital readmission was common in CHD patients, particularly among 

adults age 40+, males, and among patients with complex lesions. These data support the need for 

adults with CHD to be followed in specialized adult CHD programs with personnel experienced 

in the management of CHD. Further studies are needed to determine the mechanisms responsible 

for unplanned readmissions. 
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Tables and Figures 

 

Table 3.1: Readmission rate within 2-week, 1-month, 3-month and 1-year 

Time since 

discharge date 

of initial 

hospitalization 

Index 

hospitalizations 

(D)# 

Patients 

readmitted 

N (%) 

Readmission 

hospitalizations (R) 

Readmission rate 

per 1,000 patients* 

 2-week  41,540 1,985 (4.8) 2,026  49 

 1-month 41,261 3,195 (7.7) 3,461  84 

 3-month  40,425 5,291 (13.1) 6,623 164 

 1-year  36,315 7,923 (21.8) 12,795 352 

# Number of patients with first hospitalization  

*Readmission rate per 1,000 patients=(R/D) × 1,000 
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Figure 3.1: Readmission rate across age groups 
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                                       Figure 3.2: Readmission rate by severity of CHD 
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Table 3.2: Baseline characteristics of 41,540 patients and adjusted odds ratios for readmission 

within 2-week 

Characteristics Patients 

readmitted 

N=1,985 

Patients not 

readmitted 

N= 39,555 

Adjusted* odds 

ratios with 95% 

confidence 

interval 

p-values 

Age groups     

<1 year 921 (4.5)  19,690 (95.5)  1.0  

1-4 years 75 (3.7) 1,949 (96.3) 0.7 (0.6 to 0.9) 0.010 

5-17 years  114 (3.7) 2,980 (96.3) 0.7 (0.6 to 0.9) 0.001 

18-39 years 171 (3.9) 4,218 (96.1) 0.9 (0.8 to 1.1)  0.38 

40-64 years 350 (5.0) 6,663 (95.0) 1.3 (1.2 to 1.5) <0.001 

65+ years  354 (8.0)  4,055 (92.0) 2.3 (2.0 to 2.6) <0.001 

Sex     

Female 868 (4.4) 18,726 (95.6) 1.0  

Male 1,117 (5.1)   20,829 (94.9)   1.1 (1.0 to 1.3) 0.005 

Neighborhood 

median household 

income (CAD) 

    

≤ 47,453  492 (4.8)  9,747 (95.2) 1.0 (0.9 to 1.1) 0.94 

47,454-55,365  493 (4.8)  9,777 (95.2) 1.0 (0.9 to 1.1) 0.91 

55,368-69,622  495 (4.9) 9,715 (95.1)  1.0 (0.9 to 1.2) 0.72 

69,711-169,666  486 (4.6) 10,030 (95.4) 1.0  

Length  of stay     

≤2-week 1,380 (4.5) 28,992 (95.5) 1.0  

>2-week-1-month 334 (5.7) 5,528 (94.3) 1.1 (1.0 to 1.3) 0.048 

>1-month 271 (5.1) 5,035 (94.9) 1.1 (0.9 to 1.2) 0.29 

Severity of CHD     

Simple 1,035 (4.0) 25,035 (96.0) 1.0  

Moderate 690 (5.4)  12,039 (94.6) 1.6 (1.5 to 1.8) <0.001 

Complex 260 (9.5)  2,481 (90.5) 3.3 (2.8 to 3.8) <0.001 

Days of week of 

discharge 

    

Sunday to Thursday 1,421 (4.8) 27,983 (95.2) 1.0  

Friday or Saturday    564  (4.7) 11,572 (95.4) 1.0 (0.9 to 1.1) 0.58 

*Adjusted for variables listed in table  
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Table 3.3: Baseline characteristics of 41,261 patients and adjusted odds ratios for readmission 

within 1-month 

Characteristics Patients 

readmitted 

N=3,195 

Patients not 

readmitted 

N=38,066  

Adjusted* odds 

ratios with 95% 

confidence 

interval 

p-values 

Age groups     

<1 year 1,562 (7.6) 18,885 (92.4) 1.0  

1-4 years   120 (6.0) 1,892 (94.0) 0.7 (0.6 to 0.8) <0.001 

5-17 years    167 (5.4) 2,914 (94.6) 0.6 (0.5 to 0.7) <0.001 

18-39 years   253 (5.8) 4,110 (94.2) 0.8 (0.7 to 1.0) 0.005 

40-64 years   572 (8.2) 6,400 (91.8) 1.4 (1.2 to 1.5) <0.001 

65+ years    521 (11.9) 3,865 (88.1) 2.1 (1.9 to 2.4) <0.001 

Sex     

Female 1,410 (7.2) 18,060 (92.8) 1.0  

Male 1,785 (8.2) 20,006 (91.8) 1.1 (1.0 to 1.2) 0.003 

Neighborhood 

median household 

income (CAD) 

    

≤ 47,453   830 (8.2) 9,350 (91.8) 1.1 (1.0 to 1.2) 0.26 

47,454-55,365   783 (7.7) 9,419 (92.3) 1.0 (0.9 to 1.1) 0.83 

55,368-69,622  780 (7.7) 9,355 (92.3)  1.0 (0.9 to 1.1) 0.71 

69,711-169,666  771 (7.4) 9,668 (92.6) 1.0  

Length  of stay     

≤2-week  2,163 (7.2) 28,009 (93.8) 1.0  

>2-week-1-month 542 (9.3) 5,280 (90.7) 1.2 (1.0 to 1.3) 0.005 

>1-month 490 (9.3) 4,777 (90.7) 1.2 (1.1 to 1.3) 0.001 

Severity of CHD     

Simple 1,598 (6.2) 24,294 (93.8) 1.0  

Moderate 1,136 (9.0) 11,501 (91.0) 1.7 (1.6 to 1.9) <0.001 

Complex  461 (16.9) 2,271 (83.1) 4.0 (3.5 to 4.5) <0.001 

Days of week of 

discharge 

    

Sunday to Thursday 2,276 (7.8) 26,913 (92.2) 1.0  

Friday or Saturday    919 (7.6) 11,153 (92.4) 1.0 (0.9 to 1.1) 0.78 

*Adjusted for variables listed in table 
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Appendices 

 

 

                Supplementary Figure 3.1: Temporal changes in CHD readmission rate 
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Supplementary Table 3.1:  Principal diagnoses at time of readmission within 2-week 

Children n (%) Adult n (%) 

Total readmissions  1,137 Total readmissions 889 

Principal diagnoses   Principal diagnoses  

Ventricular septal defect 46 (4.0) Congestive heart failure 102 (11.5) 

Acute bronchiolitis 30 (2.6) Atrial fibrillation and flutter 86 (9.7) 

Congestive heart failure 30 (2.6) Ischaemic heart disease 50 (5.6) 

Tetralogy of Fallot 29 (2.6) Non rheumatic aortic valve 

disorder 

44 (4.9) 

Upper respiratory tract infection 28 (2.5) Atherosclerosis of coronary 

artery without angina 

30 (3.4) 

Pneumonia 26 (2.3) Infective endocarditis 23 (2.6) 

Other specified anomalies of 

heart 

20 (1.8) Pneumonia 20 (2.2) 

Transposition of the great 

arteries 

20 (1.8) Supraventricular tachycardia 18 (2.0) 

Endocardial cushion defect 20 (1.8) Ostium secundum atrial 

septal defect 

15 (1.7) 

Coarctation of the aorta 17 (1.5) Pleural effusion 14 (1.6) 
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Supplementary Table 3.2: Principal diagnoses at time of readmission within 1-month 

Children n (%) Adult n (%) 

Total readmissions  2,023 Total readmissions  1,438 

Principal diagnoses   Principal diagnoses   

Ventricular septal defect 84 (4.2) Congestive heart failure 181 (12.6) 

Acute bronchiolitis 75 (3.7) Atrial fibrillation and flutter 134 (9.3) 

Congestive heart failure 70 (3.5) Ischaemic heart disease 84 (5.8) 

Tetralogy of Fallot 65 (3.2) Non rheumatic aortic valve 

disorder 

81 (5.6) 

Upper respiratory tract infection 50 (2.5) Atherosclerosis of coronary 

artery without angina 

51 (3.5) 

Pneumonia 45 (2.2) Infective endocarditis 30 (2.1) 

Endocardial cushion defect 43 (2.1) Ostium secundum atrial 

septal defect 

30 (2.1) 

Coarctation of the aorta 36 (1.8) Pneumonia 29 (2.0) 

Transposition of the great 

arteries 

36 (1.8) Non rheumatic mitral valve 

disorder 

27 (1.9) 

Other specified anomalies of 

heart 

27 (1.3) Supraventricular tachycardia 25 (1.7) 
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Supplementary Table 3.3: Principal diagnoses at time of readmission within 3-month 

Children n (%) Adult n (%) 

Total readmissions  3,983 Total readmissions  2,640 

Principal diagnoses   Principal diagnoses   

Ventricular septal defect 200 (5.0) Congestive heart failure 336 (12.7) 

Acute bronchiolitis 158 (4.0) Atrial fibrillation and flutter 218 (8.3) 

Congestive heart failure 155 (3.9) Non rheumatic aortic valve 

disorder 

164 (6.2) 

Tetralogy of Fallot 145 (3.6) Ischaemic heart disease 130 (4.9) 

Pneumonia 130 (3.3) Atherosclerosis of coronary 

artery without angina 

119 (4.5) 

Upper respiratory tract infection 103 (2.6) Ostium secundum atrial 

septal defect 

86 (3.3) 

Endocardial cushion defect 101 (2.5) Non rheumatic mitral valve 

disorder 

57 (2.2) 

Coarctation of the aorta 97 (2.4) Infective endocarditis 50 (1.9) 

Transposition of the great arteries 87 (2.2) Supraventricular tachycardia 46 (1.7) 

Hypoplastic left heart syndrome 76 (1.9) Aortic valve abnormality 41 (1.6) 
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Supplementary Table 3.4: Principal diagnoses at time of readmission within 1-year 

Children n (%) Adult n (%) 

Total readmissions  7,624 Total readmissions  5,171 

Principal diagnoses   Principal diagnoses   

Ventricular septal defect 402 (5.3) Congestive heart failure 704 (13.6) 

Tetralogy of Fallot 401 (5.3) Atrial fibrillation and flutter 390 (7.5) 

Acute bronchiolitis 350 (4.6) Non rheumatic aortic valve 

disorder 

263 (5.1) 

Pneumonia 331 (4.3) Ischaemic heart disease 250 (4.8) 

Endocardial cushion defect 239 (3.1) Atherosclerosis of coronary 

artery without angina 

214 (4.1) 

Congestive heart failure 228 (3.0) Ostium secundum atrial 

septal defect 

207 (4.0) 

Upper respiratory tract infection 214 (2.8) Non rheumatic mitral valve 

disorder 

109 (2.1) 

Transposition of the great arteries 178 (2.3) Supraventricular tachycardia 99 (1.9) 

Hypoplastic left heart syndrome 149 (2.0) Pneumonia 91 (1.8) 

Coarctation of the aorta 133 (1.7) Infective endocarditis 90 (1.7) 
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Supplementary Table 3.5: Baseline characteristics of 15,811 adult patients and adjusted odds 

ratios for readmission within 2-week 

Characteristics Patients 

readmitted 

N=875 

Patients not 

readmitted 

N= 14,936 

Adjusted* odds 

ratios with 95% 

confidence 

interval 

p-values 

Age groups     

18-39 years 171 (3.9) 4,218 (96.1) 1.0   

40-64 years 350 (5.0) 6,663 (95.0) 1.2 (1.0 to 1.5) 0.064 

65+ years  354 (8.0)  4,055 (92.0) 1.9 (1.6 to 2.4) <0.001 

Sex     

Female 384 (5.1) 7,150 (94.9) 1.0  

Male 491 (5.9)   7,786 (94.1)   1.1 (1.0 to 1.3) 0.17 

Neighborhood 

median household 

income (CAD) 

    

≤ 47,453 225 (5.7)  3,759 (94.4) 1.2 (1.0 to 1.5) 0.066 

47,454-55,365  235 (5.9)  3,718 (94.1) 1.3 (1.0 to 1.6) 0.021 

55,368-69,622  229 (5.9) 3,664 (94.1)  1.3 (1.0 to 1.5) 0.028 

69,711-169,666  174 (4.5) 3,705 (95.5) 1.0  

Length  of stay     

≤2-week 703 (5.4) 12,327 (94.6) 1.0  

>2-week-1-month 134 (6.9) 1,798 (93.1) 1.0 (0.8 to 1.2) 0.76 

>1month 38 (4.5) 811 (95.5) 0.6 (0.4 to 0.9) 0.005 

Severity of CHD     

Simple 643 (5.5) 11,043 (94.5) 1.0  

Moderate 204 (5.4)  3,563 (94.6) 1.1 (1.0 to 1.4) 0.11 

Complex 28 (7.8)  330 (92.2) 2.1 (1.4 to 3.1) <0.001 

Charlson 

comorbidity score 

    

0 390 (4.4) 8,501 (95.6) 1.0  

1-2 420 (6.8) 5,792 (93.2) 1.4 (1.2 to 1.7) <0.001 

3+ 65 (9.2) 643 (90.8) 2.0 (1.5 to 2.7) <0.001 

Days of week of 

discharge 

    

Sunday to Thursday 632 (5.6) 10,675 (94.4) 1.0  

Friday or Saturday 243 (5.4) 4,261 (94.6) 1.0 (0.8 to 1.2) 0.87 

*Adjusted for variables listed in tables  
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Supplementary Table 3.6: Baseline characteristics of 15,721 adult patients and adjusted odds 

ratios for readmission within 1-month 

Characteristics Patients 

readmitted 

N=1,346 

Patients not 

readmitted 

N= 14,375 

Adjusted* odds 

ratios with 95% 

confidence 

interval 

p-values 

Age groups     

18-39 years 253 (5.8) 4,110 (94.2) 1.0   

40-64 years 572 (8.2) 6,400 (91.8) 1.3 (1.1 to 1.6) <0.001 

65+ years  521 (11.9)  3,865 (88.1) 1.9 (1.6 to 2.3) <0.001 

Sex     

Female 574 (7.7) 6,922 (92.3) 1.0  

Male 722 (9.4)   7,453 (90.6)   1.2 (1.0 to 1.3) 0.009 

Neighborhood 

median household 

income (CAD) 

    

≤ 47,453  348 (8.8)  3,615 (91.2) 1.2 (1.0 to 1.4) 0.079 

47,454-55,365  348 (8.9)  3,584 (91.1) 1.2 (1.0 to 1.4) 0.075 

55,368-69,622  351(9.1) 3,516 (90.9)  1.2 (1.0 to 1.4) 0.031 

69,711-169,666  281(7.3) 3,576 (92.7) 1.0  

Length  of stay     

≤2-week 1,062 (8.2) 11,897 (91.8) 1.0  

>2-week-1-month 211 (11.0) 1,707 (89.0) 1.1 (0.9 to 1.3) 0.25 

>1month 73 (8.7) 771 (91.4) 0.8 (0.6to 1.1) 0.11 

Severity of CHD     

Simple 973 (8.4) 10,648 (91.6) 1.0  

Moderate 329 (8.8)  3,414 (91.2) 1.2 (1.1 to 1.4) 0.002 

Complex 44 (12.3)  313 (87.7) 2.3 (1.6 to 3.1) <0.001 

Charlson 

comorbidity score 

    

0 587 (6.6) 8,250 (93.4) 1.0  

1-2 667 (10.8) 5,509 (89.2) 1.5 (1.3 to 1.7) <0.001 

3+ 92 (13.0) 616 (87.0) 1.8 (1.4 to 2.3) <0.001 

Days of week of 

discharge 

    

Sunday to Thursday 952 (8.5) 10,286 (91.5) 1.0  

Friday or Saturday 394 (8.8) 4,089 (91.2) 1.1 (0.9 to 1.2) 0.31 

*Adjusted for variables listed in tables 
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Supplementary methods for time to event analysis 

 

For the purpose of determining time to first readmission after the initial discharge, we did 

multivariable Cox proportional hazard regression analysis on the sample followed for 1-year. 

There was no information regarding out of hospital death and migration of patients. We assumed 

patients who were not readmitted within 1-year were censored at 1-year. In addition, we also 

checked whether the hazard of readmission differed at different time intervals. 
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Supplementary Table 3.7: Baseline characteristics of 36,315 patients and adjusted hazard ratios 

for readmission within 1-year  

Characteristics Patients 

readmitted 

N=7,923  

Patients not 

readmitted 

N= 28,392  

Adjusted* 

hazard ratios 

with 95% 

confidence 

interval 

p-values 

Age groups     

<1 year 3,535 (19.8) 14,347 (80.2) 1.0  

1-4 years 369 (20.1) 1,468 (79.9) 0.8 (0.7 to 0.9) <0.001 

5-17 years  471 (17.1) 2,286 (82.9) 0.7 (0.6 to 0.8) <0.001 

18-39 years 682 (17.7) 3,169 (82.3) 0.9 (0.9 to 1.0) 0.15 

40-64 years 1,490 (24.6) 4,565 (75.4) 1.7 (1.6 to 1.8) <0.001 

65+ years 1,376 (35.0) 2,557 (65.0) 2.6 (2.5 to 2.8) <0.001 

Sex     

Female 3,609 (21.1) 13,501 (78.9) 1.0  

Male 4,314 (22.5) 14,891 (77.5) 1.1 (1.0 to 1.1) 0.020 

Neighborhood 

median household 

income (CAD) 

    

≤ 47,453  2,028 (22.5) 6,984 (77.5) 1.0 (1.0 to 1.1) 0.39 

47,454 to 55,365  1,930 (21.5) 7,056 (78.5) 1.0 (0.9 to 1.1) 0.94 

55,368 to 69,622  2,004 (22.4) 6,947 (77.6) 1.1 (1.0 to 1.1) 0.09 

69,711 to 169,666  1,904 (20.9) 7,198 (79.1) 1.0  

Length  of stay     

≤2-week 5,389 (20.2) 21,249 (79.8) 1.0  

>2-week-1-month 1,325 (26.0) 3,771 (74.0) 1.2 (1.1 to 1.3) <0.001 

>1month 1,209 (26.4) 3,372 (73.6) 1.3 (1.2 to 1.4) <0.001 

Severity of CHD     

Simple 3,741(16.5) 18,924 (83.5) 1.0  

Moderate 2,953 (26.3) 8,259 (73.7) 2.0 (1.9 to 2.1) <0.001 

Complex 1,229 (50.41) 1,209 (49.6) 5.1 (4.8 to 5.5) <0.001 

Days of weeks of 

discharge 

    

Sunday to Thursday 5,535 (21.6) 20,140 (78.4) 1.0  

Friday or Saturday 2,388 (22.4) 8,252 (77.6) 1.1 (1.0 to 1.1) 0.017 
*Adjusted for variables listed in table 
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Supplementary Table 3.8: Adjusted hazard ratio for readmission at different time periods after 

initial discharge across age groups* and severity of CHD**  

Variables 2-week or less 2-week-1-month  1-month-3-month 3-month-1-year 

Hazard 

Ratios 

with 

95% CI 

p-

values 

Hazard 

Ratios 

with 

95% CI 

p-

values 

Hazard 

Ratios 

with 

95% CI 

p-

values 

Hazard 

Ratios 

with 

95% CI 

p-

values 

Age groups 
        

<1 year 1.0  1.0  1.0  1.0  

1-4 years 0.7 (0.6 

to 0.9) 

0.012 0.6 (0.4 

to 0.8) 

0.002 0.7 (0.6 

to 1.0) 

0.016 1.0 (0.9 

to 1.2) 

0.89 

5-17 years 0.7 (0.6 

to 0.9) 

0.004 0.5 (0.3 

to 0.6) 

<0.001 0.6 (0.4 

to 0.7) 

<0.001 0.9 (0.8 

to 1.0) 

0.06 

18-39 years 1.0 (0.8 

to 1.2) 

0.68 0.7 (0.6 

to 0.9) 

0.003 0.8 (0.7 

to 1.0) 

0.049 1.1 (1.0 

to 1.2) 

0.15 

40-64 years 1.6 (1.4 

to 1.8) 

<0.001 1.4 (1.2 

to 1.7) 

<0.001 1.4 (1.2 

to 1.6) 

<0.001 2.0 (1.8 

to 2.2) 

<0.001 

65+ years  2.6 (2.3 

to 3.0) 

<0.001 1.7 (1.5 

to 2.1) 

<0.001 2.3 (2.0 

to 2.6) 

<0.001 3.2 (2.9 

to 3.6) 

<0.001 

Severity of 

CHD 

        

Simple 1.0  1.0  1.0  1.0  

Moderate 1.7 (1.5 

to 1.9) 

<0.001 1.9 (1.7 

to 2.2) 

<0.001 2.2 (2.0 

to 2.5) 

<0.001 2.1 (1.9 

to 2.2) 

<0.001 

Complex 3.3 (2.8 

to 3.8) 

<0.001 4.8 (4.1 

to 5.8) 

<0.001 5.8 (5.1 

to 6.6) 

<0.001 6.3 (5.7 

to 7.0) 

<0.001 

*Adjusted for sex, neighborhood median income, severity of CHD, LOS and days of week of 

discharge  

** Adjusted for age, sex, neighborhood median income, LOS and days of week of discharge  
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Chapter 4 

Summary, implications and future directions 

4.1 Summary 

4.1.1 Summary findings from Chapter 2 

This is the first study in Canada to document temporal trends in hospitalization of CHD 

patients. We observed higher inpatient service utilization in CHD patients with an average of 

1.1% increase per year from 2003 to 2009. The relative increase in the number of admissions 

with CHD was higher than that of all cause admissions in Canada during the same time period 

(1). The number of hospitalizations increased in adults particularly in 40 years or older patients 

but there was no change in children. Infants, the patient age 65+, males, and patients with 

complex CHD had the greatest duration of total hospital stay over the study periods.   

Higher inpatient service utilization was reported among CHD patients in other countries 

which support our findings. A population based study of patients from all age groups with CHD 

as primary diagnosis found a 9.7% increase (an average of 1.2% per year) in the number of 

hospital admissions from 1995/1996 to 2003/2004 in England (2). In the U.S, the annual number 

of hospitalizations in adults with CHD increased more than double between 1998 and 2005, with 

an average increase of 14.6% per year (3). Unlike this U.S study, we excluded hospitalizations 

with day procedures and we excluded subjects with a PFO, which might have resulted in lower 

increases in hospitalization in our study population than that observed in the U.S. The authors 

used ICD9 codes for CHD diagnosis while only 5% of our hospitalizations had diagnosis with 

ICD9 coding. Several other studies showed significantly increased healthcare resource utilization 
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among CHD patients using ICD 9 coding. Another possible explanation might be the difference 

in the healthcare system between Canada and U.S. In Canada, due to its publicly funded 

universal healthcare system, people are more likely to visit outpatient or emergency departments 

which might have resulted in lower hospitalization in Canada.  

The annual hospitalization rate remained relatively stable varying between 38 and 40 per 

100,000 persons. The Canadian population experienced an average of 1.1% growth per year from 

2003 to 2009 (4) which is consistent with the constant annual hospitalization rates, while the 

admission number increased by 1.1% per year during the period studied. In terms of planning for 

healthcare resources, the absolute number of hospitalizations would be more relevant than the 

hospitalization rates. Mackie et al. found the hospitalization rate among adult CHD patients was 

214 per 1,000 person-years in Quebec (5). The annual hospitalization rate among CONCOR 

(CONgenital CORvitia) adult CHD patients in Netherlands was 308 per 1,000  patient-years (6). 

The difference in hospitalization rate reported in our study is due to the different denominators. 

We measured the hospitalization rate of CHD patients per general population. In contrast, the 

denominator used in the Quebec and Dutch studies was the ‘CHD patients’.  

The number of hospitalization increased significantly in adults particularly in 40-64 years 

old and patients age 65+: in the 40-64 years age group, the increase was by 3.5% per year and in 

the patient 65+, it was by 3.1% per year. Similar to our findings, increased hospitalization among 

adult CHD patients have been reported in other countries (3, 7). Evidence suggests that the 

number of adults with CHD have been rising rapidly, even more so than children with CHD (8, 

9). Moreover, the adult survivors of CHD have increased risk of co-morbidity like infective 

endocarditis (10, 11), arrhythmia (12), heart failure (13) and coronary heart disease (14) 

predisposing to more frequent hospitalizations. 
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The age-specific annual hospitalization rate showed a significant decreasing trend for 

infants (by 2.2% per year) over the study period. The number of infants increased in the general 

population with an average of 2.0% per year (4), more than the increase in the number of 

hospitalizations with CHD in infants, an average increase of 0.3% per year. However, the annual 

hospitalization rate increased by 1.2% per year for 40-64 years old patients and by 1.4% per year 

for patients 65+. Small amount of increase in the annual hospitalization rate for the older patients 

relative to the increase in the number of hospitalization might be explained by the increase in the 

number of people in the general population. For example, the number of the persons age 65+ in 

the general population increased by 2.4% per year compared to 3.1% increase in the number of 

hospitalizations per year. For 40-64 years age group, the number of people increased in the 

general population by 2.2% per year compared to 3.5% per year increase in the number of 

hospitalizations. In the other age groups (1- 4 years, 5-17 years and 18-39 years), there has been 

no significant change in the number of hospitalizations as well as the number of people in the 

general population (4). The reason for the non-increase in the infant hospitalization in spite of the 

population increase is at least partially explained by the decrease in the birth prevalence of CHD 

in Canada, an average 1.7% decrease in the birth prevalence during the same period of study 

(15).      

   Contrary to the prevalence of CHD which is more common in female (8), we found 

more hospitalizations with male, representing 53% of hospitalizations, compared to female. The 

complex CHD is more prevalent in male patients and studies suggest that complex CHD patients 

have late complications or co-morbid conditions (16, 17). Cardiovascular disease is more 

prevalent in male with tetralogy of Fallot (TOF) (18). Females are at lower risk of infective 
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endocarditis (47%), aortic complications (33%) and arrhythmias (22%) compared to male 

patients (19). 

The annual hospitalization rate per 100,000 persons varied between 21 and 22 for simple 

CHD, between 12 and 13 for moderate, and between 4 and 5 for complex CHD patients. Our 

study found that the number of hospitalizations increased with simple (1.8% per year) and 

complex CHD (2.1%), while it did not change significantly with moderate CHD over the study 

period. This may be partly explained by the fact that complex CHD is associated with late 

complications (20).      

In children, respiratory illness like pneumonia, acute bronchiolitis were the most common 

non-cardiac principal diagnoses. For adults, cardiac complications including congestive heart 

failure (CHF), ischemic heart disease (IHD) and atrial arrhythmia were the most responsible 

diagnoses associated with hospitalizations in addition to the diagnosis of CHD. This suggests the 

growing recognition of acquired cardiovascular disease in the CHD population such as heart 

disease that is common in the general population now being seen in CHD survivors. 

We also showed higher resource utilization in CHD patients in terms of length of stay 

(LOS). The median LOS observed in our study population was 6 days (IQR: 3-14) parallel to 

that published by Moon et al. (7) and higher than that in heart failure patients (varying between 

3.5 and 3.7 days) (21). The patient age 65+ followed by infants have longer durations of total 

hospital stay independent of other factors.  These patients have greater burden of co-morbidity 

due to the disease as well as aging (11-14). On the other hand, infants are at risk of infections 

since earlier period of life is very critical to develop adaptive process (22). As discussed above, 

males and patients with complex CHD are at greater risk of developing complications. 
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Therefore, these patients have more frequent hospitalization resulted in longer duration of total 

LOS.     

4.1.2 Summary findings from Chapter 3 

The readmission rates observed in this study including patients of all age groups were 49 

per 1,000 patients in 2-week, 84 per 1,000 patients in 1-month, 164 per 1,000 patients in 3-month 

and 352 per 1,000 patients in 1-year. Risk factors for readmission among our study population 

were age 40 years old or older, males, longer hospital stay and complex CHD. 

Approximately 8% of our study population were readmitted within 1-month following 

initial discharge. Our finding is close to that reported with unplanned readmission rate of 8.5% 

among patients with any diagnosis in Canada (23).  

The readmission rate in children varied between 3.7% and 4.6% within 2-week and 

between 5.7% and 8.4% within 1-month in our study. A study of children (≤17 years) in Quebec, 

between 1990 and 2005, found a higher readmission rate than that reported in our study; 9% 

within 14 days and 14% within 31 days (24). A study conducted at 72 children hospitals in 34 

states of the US reported that all-cause unplanned readmission rate in 30 days was 6.5% for all 

hospitalized children (25). This rate is similar to the readmission rate observed in our study 

population. Readmission rate is higher among CHD children after surgery except for arterial 

switch procedure which is physiologically corrective procedure. A case-control study showed 

readmission rate of 3.8% after the arterial switch procedure and 11.4% after the Norwood 

procedure in neonates in Children’s Hospital in Boston (26). In a retrospective cohort study 

among 685 patients who underwent congenital heart surgery in a pediatric hospital, 74 re-

admissions occurred in 70 patients (10%) within 30 days following surgery (27).  
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 Among children, infants had significantly higher readmission rates within 1-month, 3-

month and 1-year. Mackie et al. also found more readmission within 31 days in infants (1 in 5 

infants) than other children (1 in 9 children) in Quebec (24). Infants with CHD have respiratory 

compromise due to altered anatomy and physiologic hemodynamic abnormality (22). As a result, 

infants are vulnerable to viral infection such as respiratory syncytial virus infection, which have 

serious consequences among infants with CHD than those without CHD (28). In addition, it has 

been hypothesized that there might be a tendency on the part of physicians to hospitalize infants 

having complications more often than other children (24). 
 

While readmission of adults with other diseases such as heart failure has been studied, 

readmission among adults CHD has not been examined previously. Around 16% of adults 

discharged with heart failure had unplanned readmissions within 30 days of discharge (29). 

Among adults, 8.6% were readmitted within 1-month following discharge from the index 

hospitalization. Moreover, we observed that patients aged 40 years or older were more likely to 

be readmitted compared to infants; with the greatest risk in patients age 65+ years. This is 

consistent with the fact that older age patients develop the complications or comorbid conditions 

more than those who are younger. Around 9% of 250 adult CHD patients who underwent 

angiography were reported with coronary artery disease (CAD) and one in 50 adult patients 

developed cerebrovascular accident (CVA) through his or her mid-life (14, 30). The incidence of 

infective endocarditis (IE) was 3 times higher in adult CONCOR (CONgenital CORvitia)-study 

CHD patients (11 per 10,000 person years) compared to that of children reported in the earlier 

study (10). It has been estimated that approximately 55% of adult congenital heart disease 

(ACHD) patients are at significant risk of premature death, re-operation and complications (31). 

Over the past six decades, the management of CHD has evolved significantly because of the 
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provisions of newer techniques (32). Many older patients with simple lesions may need to 

undergo surgery in adulthood and the age of operation also plays an important role in the 

development of complications. For instance, late events like arrhythmia or heart failure are more 

common in patients with atrial septal defect (ASD) repaired in adulthood. In addition, many of 

the adult CHD patients require re-intervention or revision of the surgery as they might have 

oldest style surgery in their childhood (33, 34). At the time of transition from pediatric care to 

adult care, approximately 50% of the adult CHD patients became lost to follow up from 

specialist care for extended periods and presented later with the overt symptoms of 

complications requiring multiple admissions (35, 36). 

Our findings support that risk of readmission increases with increasing complexity of 

CHD; complex CHD and moderate CHD patients were more likely to be readmitted than simple 

CHD patients. Congenital heart defect patients have significant burdens of comorbidity due to 

the disease itself, interventions performed, and/or hemodynamic abnormalities (20). The risk of 

these complications increases with increasing severity of CHD. About one third of patients with 

repaired TOF developed symptomatic atrial tachycardia (37). Patients with cyanotic lesions have 

10 times higher risk than average to develop CVA (30).  

Readmission was slightly more common in male than female patients. Male patients may 

develop more complications or comorbid conditions requiring hospitalizations or interventions 

compared to female patients. Study using the CONCOR (CONgenital CORvitia) Dutch national 

registry showed that adult females with CHD were at lower risk of developing infective 

endocarditis (47%), aortic outcomes (33%) and arrhythmia (22%) than males (19).  
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Patients from the lowest quartile of median neighborhood household income have 

slightly higher risk of readmission in 1-month than those in the highest quartile. Socioeconomic 

status (SES) was found to play a significant role in readmission of heart failure patients (38). In a 

national survey in Canada in 1994, it was demonstrated that people from lower SES may have 

lower utilization of specialized care compared to those from higher SES (39).  

We also observed that patients with longer duration of hospital stay were more likely to 

be readmitted within 1-month. Our findings parallel that reported among children with CHD in 

Quebec (24). Patients who stayed in hospital for longer duration are likely more complex and 

thereby required readmission more often relative to other patients.    

Discharge planning is a very important component of inpatient care; discharging patients 

early might be associated with worse outcomes (24). In the current study, however, we did not 

find any elevated risk of readmission within 2-week and 1-month among patients discharged on 

Friday or Saturday, the days of week when there may be a tendency for early discharge for 

weekend, compared to those discharged other days of week (Sunday to Thursday).  

Co-morbidity was an important predictor of readmission among adults with CHD in our 

study. Adult CHD patients have a greater risk of developing comorbid conditions like diabetes, 

chronic renal disease than their age and sex matched control (40). Adults with higher comorbid 

conditions were more likely to be readmitted and odds of readmission increased with increasing 

number of comorbid conditions.  
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4.2 Implication of findings and relevance to public health 

Our study provides a broad view on the pattern of inpatient health service utilization by 

CHD patients in Canada. As the number of CHD patients, particularly adult CHD patient are 

rising due to the improvement in the survival of CHD patients, the burden on healthcare systems 

are expected to be growing further with these patients. Therefore, healthcare systems must be 

prepared to meet increasing demands of this expanding population. Availability of these findings 

will facilitate policy makers to make evidence-based decisions to improve allocations of 

healthcare resources.   

Readmission has significant public health importance, since national healthcare costs can 

be reduced by reducing readmission. Findings from our study would help clinicians to identify 

high-risk patients and prevent their readmission. We did not investigate other factors that might 

lead to readmissions such as continuity of follow up after discharge, adherence to medication, 

distance of residence from hospital. Moreover, this study did not provide any information 

regarding specific details of underlying reasons for readmission such as complications associated 

with disease or for intervention procedures. Patients could have planned readmissions to prevent 

unwanted consequences and these were not distinguished in this study.  

4.3 Future directions 

Increasing hospitalisations and longer duration of hospital stay impose significant 

resource burdens. Further study should be designed at estimating the healthcare cost of hospital 

admissions in CHD patients. Unplanned readmissions are mostly associated with events 

occurring as complications associated with disease itself and interventions, and therefore, can be 

preventable if we could anticipate or predict who would develop complications. Future study 
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should focus on differentiating planned and unplanned readmission and identifying patients at 

risk of unplanned readmission, and evaluating methods for preventing unplanned readmission. 

For example, methods such as intensive home care, potential co-management of these patients 

with nurse practitioners, and use of telemedicine as an adjunct in the evaluation of patients who 

live in remote locations far from specialized CHD clinics may be considered. 
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