
M a j o r  a r t i c l e

Endocarditis in Congenital Heart Disease • cid 2021:73 (15 October) • 1469

Clinical Infectious Diseases

 

Received 1 March 2021; editorial decision 17 May 2021; published online 24 May 2021.
Correspondence: U.  Snygg-Martin, Department of Infectious Diseases, Sahlgrenska 

University Hospital/Östra, Journalvägen 10, SE-416 50 Gothenburg, Sweden (ulrika.snygg-
martin@infect.gu.se).

Clinical Infectious Diseases®  2021;73(8):1469–75
© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the work 
is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/cid/ciab478

Cumulative Incidence of Infective Endocarditis in Patients 
with Congenital Heart Disease: A Nationwide, Case-
Control Study Over Nine Decades
Ulrika Snygg-Martin,1 Kok Wai Giang,2 Mikael Dellborg,2,3 Josefina Robertson,1 and Zacharias Mandalenakis2,3,

1Department of Infectious Diseases, Institute of Biomedicine, Sahlgrenska Academy, University of Gothenburg, Sweden, and Department of Infectious Diseases, Sahlgrenska University Hospital, 
Region Västra Götaland, Gothenburg, Sweden; 2Department of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska Academy, University of Gothenburg, Sweden, and Department 
of Medicine, Sahlgrenska University Hospital, Region Västra Götaland, Gothenburg, Sweden; and 3Adult Congenital Heart Unit, Department of Medicine, Sahlgrenska University Hospital, Region 
Västra Götaland, Gothenburg, Sweden

Background. Congenital heart disease (CHD) is a lifelong predisposing condition for infective endocarditis (IE). As a consequence of 
advances in pediatric care, the number of adults with CHD is now exceeding the number of children. The goal of the present study was to 
determine the cumulative incidence of IE in patients with CHD and detect temporal changes compared with controls.

Methods. Nationwide registry-based case-control study of patients with CHD born 1930–2017 matched with 10 random con-
trols. Infective endocarditis episodes were linked using the Swedish 10-digit personal identification number.

Results. In total, 89 541 patients with CHD and 890 470 matched controls were included. In patients with CHD, 1477 IE episodes 
were registered and 447 episodes in controls. Patients with CHD had 8.5% cumulative incidence of IE at age 87 years, compared with 
0.7% in matched controls. Incidence rate of IE per 100 000 person-years was 65.5 (95% confidence interval [CI] 62.2–68.9) and 1.8 
(95% CI: 1.7–2.0) in CHD patients and controls, respectively. By age 18 years, patients with CHD had an IE incidence similar to that 
of 81-year-old controls. Incidence of IE differed by age but not by birth year. Bacterial etiology was registered from 1997 in half of 
the IE episodes; among CHD IE cases, 43.3% were caused by streptococci and 29.8% by Staphylococcus aureus.

Conclusions. Infective endocarditis remains an important complication in patients with CHD. Incidence correlate with age and 
the number of IE episodes are expected to increase as the CHD population grow older.
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Congenital heart disease (CHD) is present in approximately 1% 
of newborns and is recognized as a lifelong predisposing con-
dition for infective endocarditis (IE) [1]. CHD predisposes to 
IE via several mechanisms such as the presence of a disturbed, 
nonlaminar blood flow causing shear stress and microdamage 
to endothelial cells, the presence of foreign intracardiac ma-
terial such as prosthetic valves and implanted cardiac devices, 
cyanosis, and recurrent exposure to health care procedures. As 
a consequence of major advances in pediatric care for patients 
with CHD, an increasing number of children reach adulthood 
and grow older with a continuous risk for IE [2]. The number of 
adults with severe heart defects is now exceeding the number of 

children with severe heart defects [3, 4]. In addition to ageing, 
patients with CHD exhibit greater cardiac complexity and 
higher rates of comorbidities compared with just a few decades 
ago [5].

IE is an important cause of morbidity and mortality in 
patients with CHD [6]. The overall incidence of IE is 20–70 
times higher among patients with CHD than in the general 
population [7–9]. In addition to the expanding CHD pop-
ulation at risk, IE incidence is correlated with age [10, 11] 
and can be expected to increase further in an ageing CHD 
population.

IE carries considerable morbidity with prolonged courses 
of intravenous antibiotic therapy and cardiac surgery in many 
cases. Despite this, the short-term mortality of IE in patients 
with CHD is reported to be 15% [12]. Studies based on analyses 
of IE cases in a CHD population [6] or registry studies [13] may 
over- or underestimate the risk of IE owing to the lack of an ad-
equate control group or skewed inclusion.

Our goal in the present study was to establish population-
based estimates for incidence of IE in patients with CHD. The 
primary objective was to describe cumulative incidence of IE in 
patients with CHD born between 1930 and 2017 and to detect 
temporal changes in incidence in comparison with matched 
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controls. A secondary objective was to estimate the incidence 
rate of IE and correlate to time of birth and to CHD lesion 
groups. Finally, we sought to investigate the microbiological eti-
ology of IE.

METHODS

Study Population

In the current study, data from the Swedish National Patient 
Register (NPR) and Cause of Death Register (CDR) were 
used to identify all patients with CHD. The NPR was initi-
ated in 1964, and since 1987, it includes full nationwide cov-
erage of all in-hospital admissions in Sweden. Additionally, 
all diagnoses from outpatient specialist clinics since 2001 
are recorded in the NPR. The CDR began in 1961. To iden-
tify all patients with CHD, the NPR and CDR were linked 
using the unique Swedish 10-digit personal identifica-
tion number. In our study, for each case of CHD, approxi-
mately 10 random controls were matched by birth year and 
sex from the Swedish Total Population Register. A  total 
of 89  541 patients with CHD and 890  470 controls (ratio 
of 9.4 controls per case) born in 1930–2017 were iden-
tified and followed from birth until the end of study on  
31 December 2017. Patients with CHD and controls were 
divided into 2 birth cohorts, 1930–1969 and 1970–2017. 
Previous validation studies of the NPR and CDR have shown 
high validity for cardiovascular disease [14] and for CHD 
spectrum diagnoses [15]. Episodes of IE in cases and controls 
were identified in the NPR. An IE episode was defined as an 
inpatient encounter with a diagnostic code for IE; repeat en-
counters within a 3-month period were discarded to account 
for transfers during the same IE episode. Relapse was defined 
as a new IE encounter more than 3 months after the previous 
episode. Data regarding type of CHD lesion, age, time of 
event, previous cardiac surgery, and bacterial etiology were 
registered. Mortality was defined as total mortality during 
follow-up.

Definition of Diagnoses

All diagnoses are coded according to the revisions of the 
International Classification of Diseases (ICD) system, ICD-8 
(1968–1986), ICD-9 (1987–1996), and ICD-10 (1997 onward). 
Supplementary Table 1 lists the specific diagnoses for CHD 
used in the NPR and CDR. Patients were grouped into 6 CHD 
lesion groups based on the hierarchical classification system 
[16] modified by Liu et al [17].

CHD lesion group 1 (conotruncal defects including common 
arterial trunk, transposition of the great arteries, tetralogy of 
Fallot, and aortopulmonary septum defects) and group 2 (non-
conotruncal defects including endocardial cushion defects, 
common ventricle defects, and hypoplastic left heart syndrome) 
represent the most complex conditions. CHD lesion group 

3 includes coarctation of the aorta, and CHD lesion groups 4 
and 5 include ventricular and atrial septal defects, respectively. 
Lesion group 6 consists of CHD diagnoses not included in lesion 
groups 1–5, mainly congenital valve malformations. A  more 
detailed list of diagnoses for CHD lesion groups is shown in 
Supplementary Table 2. IE was defined using ICD-8 and ICD-9 
codes 421 and ICD-10 codes I33, I38, and I39. Bacterial codes 
are listed in Supplementary Table 3.

Statistical Analysis

All statistical analyses were performed using R version 3.5.2 
(R Foundation for Statistical Computing, Vienna, Austria). 
Baseline characteristics are shown as continuous or categorical 
variables. Continuous variables are shown as mean (standard 
deviation [SD]) and categorical variables as number with per-
centage. The incidence of IE is estimated as the number of 
events divided by the total number of person-years, with 95% 
confidence interval (CI), separately for patients with CHD and 
controls. Cumulative incidence of IE for patients with CHD 
and controls was calculated according to the Fine-Gray method 
(using the R package prodlim).

Ethical Approval

The study was approved by the regional ethics board in 
Gothenburg (Gbg 912-16, T 619-18) and complied with the 
Declaration of Helsinki. As retrospective and pseudonymized 
registry data were used, the requirement for patient consent was 
waived.

RESULTS

A total of 89 541 patients with CHD and 890 470 matched controls 
were included in the study. In sum, 4 out of 5 patients were born 
1970 or later, and 49% were women (Table 1). The mean follow-up 
of the study was 25.4 (SD 22.2) years in cases and 27.3 (SD 22.0) 
years in controls. Cardiovascular risk factors and comorbidities 
diagnosed before IE occurrence were uncommon in both groups 
but significantly more prevalent among patients with CHD. 
Patients with the most complex CHD diagnoses (lesion groups 1 
and 2) constituted 13% of patients with CHD. The most common 
lesion type was ventricular septum defect, seen in 28% of cases.

In total, 1477 patients with CHD and 447 controls devel-
oped IE (Table 2). Nearly two-thirds of IE episodes occurred in 
men among in both groups. Patients with CHD were more than 
20 years younger when they developed IE (mean age 36.2 ± 21.1 
vs 57.1.0 ± 18.8 years, P < .001); cardiac surgery prior to IE di-
agnosis had been performed in 627 (42.5%) patients with CHD 
who had IE compared with 96 (21.5%) of controls (P < .001). 
Relapse of IE was found in 93 (6.7%) patients with CHD and in 
16 (3.9%) of controls with IE (P = .052). Unadjusted total mor-
tality during follow-up was higher in controls with IE compared 
with CHD patients with IE, 169/447 (41.6%) versus 387/1477 
(28.0%), P < .001.
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Cumulative Incidence of Infective Endocarditis in Patients with Congenital 
Heart Disease

In patients with CHD, the lifetime incidence of IE was 8.5%, 
compared with 0.7% in controls (Figure 1). At the age of 
18  years, cumulative incidence of IE in patients with CHD 
reached the incidence of IE among controls at age 81 (0.5%), 
corresponding to 323 IE episodes in 71 940 patients with CHD 
compared with 11 IE cases in 714 460 controls. The incidence 
of IE was higher from birth in patients with CHD, as illustrated 
in Figure 2. To account for changing validity of IE diagnostic 

codes during the study period, a sensitivity analysis was per-
formed on IE events diagnosed after 2001, when the mod-
ified Duke criteria started to be applied. These findings were 
in concordance with the main analysis (Supplementary Figure 
1). The cumulative incidence of IE in the different CHD lesion 
groups differed, with a similar incidence in lesion groups 1, 3, 
4, and 6. However, IE during childhood was almost exclusively 
seen among patients with complex lesions (lesion groups 1 and 
2) (Supplementary Figure 2).

Table 1. Characteristics of Study Population

Characteristics

Patients With CHD Controls

P valueN = 89 541 N = 890 470

Female sex 44 170 (49.3) 436 751 (49.0) .108

Born in Sweden 83 088 (92.8) 719 530 (80.8) <.001

Birth period .437

1930–1969 17 601 (19.7) 176 010 (19.8)  

1970–2017 71 940 (80.3) 714 460 (80.2)  

Follow-up, years mean (SD) 25.4 (22.2) 27.3 (22.0) <.001

Median (IQR) 18 (7.6–38.5) 21.5 (9.5–41.5)

Hierarchical CHD classification, n (%)  

Lesion group 1 6326 (7.1) 63 040 (7.1)  

Lesion group 2 4831 (5.4) 48 200 (5.4)

Lesion group 3 4599 (5.1) 45 870 (5.2)

Lesion group 4 25 151 (28.1) 249 315 (28.0)

Lesion group 5 20 929 (23.4) 208 091 (23.4)

Lesion group 6 27 705 (30.9) 275 954 (31.0)

Values are n (%), unless otherwise indicated.
Abbreviations: CHD, congenital heart disease; IQR, interquartile range; SD, standard deviation.

Table 2. Characteristics of Infective Endocarditis (IE) Cases in Patients With and Without Congenital Heart Disease (CHD)

IE in Patients With CHD IE in Controls

P valueN = 1477 N = 447

Female sex 546 (37.0) 162 (36.2) .573

Age at event (years)   <.001

Mean (SD) 36.2 (21.1) 57.1 (18.8)

Median (IQR) 34.8 (20.2–51.8) 61.1 (44.9–72.2)

Birth period <.001

1930–1969 913 (61.8) 384 (85.9)

1970–2017 564 (38.2) 63 (14.1)

Period of diagnosis <.001

1970–1987 (ICD-8) 244 (16.5) 16 (3.6)

1988–1996 (ICD-9) 292 (19.8) 51 (11.4)

1997–2017 (ICD-10) 941 (63.7) 380 (85.0)

Prior cardiac surgery 627 (42.5) 96 (21.5) <.001

Mechanical valve 163 (11.0) 27 (6.0) .003

Bioprosthesis 80 (5.4) 41 (9.2) .006

Relapsea 93 (6.7) 16 (3.9) .052

Mortality during follow-up 480 (32.5) 210 (47.0) <.001

Values are n (%), unless otherwise indicated.

Abbreviations: ICD, International Classification of Diseases; IQR, interquartile range; SD, standard deviation.
aNew infective endocarditis diagnosed more than 3 months after the initial episode. 
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Incidence Rate of Infective Endocarditis

The incidence rate of IE was 65.5 (95% CI: 62.2–68.9) per 
100 000 person-years in patients with CHD compared with 1.8 
(95% CI: 1.7–2.0) per 100 000 person-years in matched controls. 
Additionally, the incidence of IE per 100 000 person-years in the 
birth cohort (1930–1969) was higher in both cases, with 84.7 
(95% CI: 79.3–90.4) and in controls, with 3.4 (95% CI: 3.1–3.4), 
as compared with the later birth cohort (1970–2017) with inci-
dence rates of 47.9 (95% CI: 44.0–52.0) in patients with CHD 
and 0.5 (95% CI: .4–.6) in controls (Supplementary Table 4).

To analyze whether the difference in IE incidence rates be-
tween birth cohorts was affected by varying incidence during 
the 2 time periods or whether it was secondary to lower age 
and shorter duration of follow-up in patients born in 1970 or 
later, the cohort was divided into 5 age groups according to age 
at IE episode and then stratified by birth period, as shown in 
Figure 3. IE incidence did not differ by birth period before or 
after 1970. A higher incidence rate of IE was seen in all CHD le-
sion groups compared with controls; however, the rate differed 
with the highest IE incidence rate seen in lesion group 1 (158.1 

Figure 2. Cumulative incidence of infective endocarditis in patients with CHD and controls born 1970–2017. Shaded area shows 95% confidence interval. Abbreviation: 
CHD, congenital heart disease.

Figure 1. Cumulative incidence of infective endocarditis in patients with CHD and controls for up to 88 years of follow-up. Shaded area shows 95% confidence interval. 
Abbreviation: CHD, congenital heart disease.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab478#supplementary-data
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per 100 000 person-years) and the lowest in patients with atrial 
septal defect (27.8 per 100 000 person-years).

Bacterial Etiology

Bacterial etiology was only sporadically registered prior to 1997 
when the ICD-10 was taken into use; to account for this, a sub-
group analysis of IE as coded in the ICD-10 was undertaken. 
Hence, from 1997 onward, codes for bacterial etiology were reg-
istered in approximately half of IE cases (668/1321, 50.6%), with 
a lower proportion of bacteria coding among CHD IE cases 
compared with non-CHD IE cases (450/941, 47.8% vs 228/380, 
60.0%, P < .001). Among CHD IE cases with an associated bac-
teria code, 195 (43.3%) and 134 (29.8%) were caused by strepto-
cocci and Staphylococcus aureus, compared with 59 (25.9%) and 
109 (47.8%) in non-CHD IE patients (P < .001 for both com-
parisons) (Table 3). The frequency of codes for enterococci and 
miscellaneous bacteria was similar in both groups.

DISCUSSION

In this nationwide, registry-based case-control study, we found 
a high long-term risk of IE in patients with CHD, with 8.5% 
cumulative incidence at age 87  years compared with 0.7% in 
controls. IE was more common in patients with CHD in all 

age groups and in all CHD lesion groups. These results verify 
the clinical impression that IE is an important complication in 
patients with CHD, which has been described previously [7, 8, 
12]. However, our data are unique in that we compared the de-
velopment of IE in patients with CHD to matched controls in 
a large, national, unselected population of patients with CHD 
over almost 9 decades. In a recent study from Denmark using 
nationwide registries to follow patients with IE, the cumulative 
incidence of IE after 10 years in patients with CHD was 1.3% 
during 1996–2015, which parallels our findings [18]. To de-
scribe the incidence of IE in the diverse group of CHD patients 
during their lifespan is important to evaluate evolving manage-
ment strategies.

As expected, the incidence of IE was correlated with age 
among both patients with CHD and in the control popula-
tion, and incidence increased according to age in both co-
horts. The age-related relative increase in incidence was less 
pronounced in the CHD group, mirroring the prevalence of 
non-age-related risk factors present since birth. A  striking 
finding was that by the age of 18 years, patients with CHD 
had a similar IE incidence as that of 81-year-old controls. 
Furthermore, by the age of 40  years, the IE incidence was 
more than 75 times higher in patients with CHD than in 

Figure 3. Incidence rate of infective endocarditis per 100 000 person-years in cases and controls stratified for age and birth period.

Table 3. Bacterial Etiology in Infective Endocarditis (IE) Cases With Bacteria Code Registered 1997–2017

Bacteria

IE With Bacteria Code in Patients With CHD IE With Bacteria Code in Controls

P valuen = 450 n = 228

Streptococci 195 (43.3) 59 (25.9) <.001

S. aureus 134 (29.8) 109 (47.8) <.001

Enterococci 25 (5.5) 15 (6.6) .60

Miscellaneous 96 (10.2) 45 (11.8) .67

Values are n (%), unless otherwise indicated.

Abbreviation: CHD, congenital heart disease.
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controls; by the end of study, the risk was 12 times higher 
in patients with CHD up to age 87  years. IE is rarely seen 
in children and young adults without risk factors; although 
especially among children with complex congenital heart le-
sions, IE is not uncommon and poses a substantial threat. 
The incidence rate of 34 per 100  000 person-years in pa-
tients with CHD aged 1–17 years in our study is similar to 
the rate found by Rushani et al [19]. Despite this markedly 
elevated risk of IE in children and younger adults, most IE 
cases occurred in patients with CHD born before 1970. In 
the oldest age group, ≥65  years, nearly 7000 patients with 
CHD remained at risk for IE. This complication has not been 
studied extensively in this age group previously, albeit IE in 
older people has attracted substantial interest among patients 
without CHD [20–22].

The present study did not identify a change in IE risk re-
lated to birth year in patients with CHD. On the contrary, a 
similar incidence rate by age group was seen in CHD patients 
born before and after 1970, which was also the case in con-
trols. If this is a correct finding remains unproven but to some 
extent the case-control design of the present study accounts 
for possible bias.

Nearly all studies of IE include more men than women [7, 23] 
although a few population-based studies have an even sex dis-
tribution [24, 25]. CHD, however, occurs in a similar propor-
tion in male and female individuals but with variations between 
different types of cardiac lesions [26]. In our study, we identified 
a similar number of male and female patients with CHD, but 
male patients constituted two-thirds of IE cases. The reason for 
this uneven sex distribution in IE is unclear, but the data are in 
accordance with other studies [13].

The bacterial etiology of endocarditis has changed in Western 
countries over the past decades with S. aureus now being the 
most commonly reported cause [11], usually presenting with 
an acute sepsis-like illness. However, among patients with 
predisposing cardiac conditions, this etiological switch has 
not been seen [6, 27]. In our cohort, bacterial etiology was 
not coded in ICD-8 and 9; however, in the subgroup analyses 
of IE episodes in the ICD-10, streptococcal etiology was more 
common in patients with CHD and IE, and S. aureus was more 
common in controls with IE. A significantly lower proportion 
of IE episodes among patients with CHD had a bacteria code, 
but our data did not allow for further exploration. Tentative ex-
planations may be owing to construction of the Duke modi-
fied endocarditis criteria [28], where CHD, as an important risk 
factor for IE, is a minor criterion itself. Hence, there is greater 
likelihood that a CHD patient who has fever and suggestive 
echocardiographic findings will be diagnosed with IE, also in 
the absence of documented bacteremia, than will patients who 
do not have CHD. Additionally, patients with CHD who have 
bacteremia with streptococci, S. aureus, or enterococci will be 
diagnosed with IE, even in the absence of endocarditis lesions 

visualized by echocardiography, corresponding to possible IE in 
the modified Duke criteria. This reflects the complex anatomy 
influencing the echocardiographic characteristics of patients 
with CHD. Vegetations and other findings considered typical 
echocardiographic features of IE can be more difficult to vis-
ualize in patients with CHD [29], and the need for specialized 
approaches to echocardiography in adults with CHD is well rec-
ognized [30].

Mortality during follow-up was higher among controls with 
IE than in patients who have CHD with IE; there are several 
possible reasons for this, mainly that controls were more than 
20 years older when contracting IE compared with their coun-
terparts with CHD. Age is a major determinant of outcome in 
IE, with twice the in-hospital mortality rate in patients above 
age 65 years [31]. Additional factors influencing mortality in-
clude the lower proportion of S. aureus in patients with CHD 
and IE.

Our study had several limitations. First, a major limitation 
is that this study is based only on administrative registry data, 
without the inclusion of clinical information. Misclassification 
of both CHD diagnoses and IE cannot be ruled out, but recent 
data from a Danish study indicate a positive predictive value 
of 80% of IE diagnosis in the Danish National Patient Registry 
[32]. Additionally, data extraction spans the ICD 8-10 and 
alterations in coding as well as definitions of IE may have af-
fected the comparability of patients over time. To account for 
this bias, a sensitivity analysis on IE cases diagnosed from 2001 
was performed. Another limitation is that bacterial etiology 
was registered only from 1997 onward; also, in this part of the 
cohort, bacteria codes were missing in half of patients. Finally, 
the Swedish NPR started in 1964, with full nationwide coverage 
from 1987, and the CDR began in 1961; patients with CHD who 
died prior to these years were not included in the study, creating 
an immortal time bias. IE occurring in cases or controls before 
the start of the NPR was not registered. However, most patients 
were born after 1970, and IE incidence was strongly correlated 
with age, which is why a major influence on cumulative inci-
dence is unlikely.

CONCLUSION

In this registry-based nationwide case-control study, cumula-
tive incidence of IE at age 87 years was 8.5% in patients with 
CHD compared with 0.7% in controls. The relative risk of IE 
in patients with CHD, compared with controls, was highest in 
children and young adults and we found a similar IE incidence 
in 18-year-old patients with CHD as in 81-year-old controls. 
However, because IE incidence was strongly correlated with age 
also among patients with CHD, most IE cases were seen in older 
patients with CHD. No change in IE incidence was detected in 
patients with CHD born before or after 1970. Streptococci was 
the most frequently registered bacterial etiology in patients 
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with CHD who had IE and S. aureus was more common in IE 
among controls.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.
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