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A B S T R A C T

Background: Patients with adult congenital heart disease (ACHD) have many risk factors for chronic pain such as
prior cardiac interventions and adult comorbidities. However, the prevalence of chronic pain has not been well
described in this population. We sought to determine the prevalence of pain in a large international cohort of
patients with ACHD.
Methods: Data from the APPROACH-IS dataset was utilized for this study which includes 4028 patients with ACHD
from 15 different countries. The prevalence of pain was assessed under the health status patient reported outcome
domain utilizing the EuroQol-5D 3 level version tool. Multivariable logistic regression was used to assess dif-
ferences across countries in pain, taking into account country-level random effects for clustering across obser-
vations within each country.
Results: A total of 3832 patients with ACHD met the study criteria, median age 32 years [IQR 25, 42], 52.6%
females. The prevalence of at least moderate pain was reported by 28.9% (95% CO 27.5 ¼ 30.3%) of participants.
Pain was associated with country of origin, age, gender, background, education and marital status as well as
several clinical variables including disease complexity, cardiac device presence, history of heart failure, psychi-
atric conditions and presence of other medical conditions. Those with pain had lower levels of perceived health
and a lower quality of life score.
Conclusion: Pain in patients with ACHD is common, impacting nearly one-third of patients. Given the far reaching
implications of pain in patients with ACHD, further study of pain characteristics and treatment management
appear warranted.
1. Introduction

The opioid epidemic has brought a renewed focus on chronic pain,
which is a global problem impacting approximately 20% of the adult
population [1–3]. Historically, female gender and increasing age are
associated with a higher prevalence of pain [2]. In addition, other factors
such as prior surgery [4], unmet surgical needs [1], and underlying
chronic disease are contributing factors [5] that patients with Adult
congenital heart disease (ACHD) are likely to experience. The majority of
these patients have had at least one cardiovascular operation. Many have
residual cardiac issues and associated end-organ dysfunction [6]. The
prevalence of adult comorbidities is also greater in the ACHD population
than the general population [6–12]. In particular, these patients experi-
ence a higher prevalence of psychosocial issues, specifically anxiety,
depression, and post-traumatic stress disorder [13–15], which likely
places them at higher risk for pain. Given this, we sought to describe the
prevalence of pain in a large international cohort of patients with ACHD,
specifically exploring geographic differences and demographic and
clinical characteristics associated with pain.

2. Methods

We conducted a substudy of the “Assessment of Patterns of Patient-
Reported Outcomes in Adults with Congenital Heart disease- Interna-
tional Study” (APPROACH-IS) [16]. The APPROACH-IS study enrolled
4028 patients from 15 different countries. These countries include;
Argentina (N ¼ 178), Australia (N ¼ 132), Belgium (N ¼ 276), Canada
(N ¼ 523), France (N ¼ 96), India (N ¼ 200), Italy (N ¼ 66), Japan
(N ¼ 257), Malta (N ¼ 119), Norway (N ¼ 174), Sweden (N ¼ 471),
Switzerland (N ¼ 278), Taiwan (N ¼ 250), the Netherlands (N ¼ 256),
and the United States (US) of America (N ¼ 752). The inclusion and
exclusion criteria have been previously reported in a paper outlining the
rationale, design, and methods for the APPROACH IS study [16]. In brief,
inclusion criteria were “(1) diagnosis of congenital heart disease (CHD),
(2) age � 18 years, (3) diagnosis established before adolescence, (4)
continued follow-up at CHD center or included in a national or regional
registry, and (5) physical, cognitive, and language capabilities to com-
plete self-report questionnaires.” Exclusion criteria were; “(1) heart
transplantation, and (2) diagnosed idiopathic pulmonary arterial hy-
pertension.” [16] Patients who qualified to be part of the APPROACH-IS
study received their surveys either in clinic or by mail. For this particular
substudy, those who did not have pain ratings via the EQ-5D-3L 27/4028
(1%) were excluded as were those who had reported their most recent
cardiac surgery to be the same year as the survey completion 169/4028
2

(5%). There were no significant demographic differences between those
who were excluded from this substudy and those who were not.

APPROACH-IS was developed to describe patient-reported outcomes
(PRO) for a large international cohort of patients with ACHD. The PROs
covered several domains, including the perception of health status,
health behaviors, psychological functioning, and quality of life.
Perceived health status was assessed using two measures, the 12-item
short form health survey version 2 (SF-12v2) and the EuroQol-5D 3
level version (EQ-5D-3L). Both tools cover a breadth of health di-
mensions and were utilized for this study. The SF-12 measures physical
functioning, role participation with physical health problems, bodily
pain, general health, vitality, social functioning, role participation with
emotional health problems, and mental health [17]. The EQ-5D-3L in-
cludes five dimensions that are used to describe “health state.” The di-
mensions are mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression; respondents are asked how they would describe
their health that day. Response options for pain/discomfort are: “I have
no pain or discomfort”, “I have moderate pain or discomfort”, or “I have
extreme pain or discomfort.” The EQ-5D-3L tool also includes an analog
scale for patients to report overall health state from 0 (“worst health you
can imagine)” to 100 (“best imaginable health state”) [16,18,19] Health
behaviors refer to behaviors that may compromise or enhance health. To
measure this, the Health Behavior Scale- Congenital Heart Disease
(HBS-CHD) data was collected and utilized for this study. HBS-CHD
evaluates alcohol consumption, tobacco use, dental care, and physical
activity [20]. Lasty, for this study, the Hospital Anxiety and Depression
Scale (HADS) data, was used to assess psychological functioning with
higher scores indicating higher psychological distress [21]. In addition,
the Linear Analog Scale (LAS) and the SatisfactionWith Life Scale (SWLS)
data was used to assess quality of life in our study population. LAS is a
scale measured by 0–100, from worst imaginable to best imaginable, and
SWLS is comprised of five statements with responses ranging from
“strongly disagree” to “strongly agree.” [22].

Demographic data such as age, background/ethnicity, gender, high-
est level of education, and marital status were collected from participants
via a self-reported questionnaire. The primary investigator and their
research team at each participating center provided the clinical data
which included type of CHD and complexity [23], number of cardiac
surgeries and admissions, the presence of a cardiac device, and a history
of heart failure, arrhythmias and other co-morbid conditions.
2.1. Statistical analyses

Patient characteristics were summarized as median and interquartile



Table 1
Characteristics associated with pain in adult with congenital heart disease.

Variable All
N ¼ 3832

Pain
N ¼ 1107

No Pain
N ¼ 2725

p-valuea

Demographic
Age, median (IQR) 32 (25, 42) (n ¼ 3825) 34 (26, 46) (n ¼ 1103) 31 (24, 40) (n ¼ 2722) <0.001
Female Gender 2008 (52.6%) 650 (59.1%) 1358 (50.0%) <0.001
Background/Ethnicity <0.001
Asian 737 (19.2%) 178 (16.1%) 559 (20.5%)
Black 38 (1.0%) 20 (1.8%) 18 (0.7%)
Hispanic 125 (3.3%) 51 (4.6%) 74 (2.7%)
White 2825 (73.7%) 818 (73.9%) 2007 (73.7%)
Other 29 (0.8%) 8 (0.7%) 21 (0.8%)
Missing 78 (2.0%) 32 (2.9%) 46 (1.7%)

Highest level of education <0.001
Less than high school 212 (5.5%) 96 (8.7%) 116 (4.3%)
High school 1636 (42.7%) 553 (50.0%) 1083 (39.7%)
College degree 1949 (50.9%) 447 (40.4%) 1502 (55.1%)
Missing 35 (0.9%) 11 (1.0%) 24 (0.9%)

Marital Status <0.001
Married or living with partner 1942 (50.7%) 565 (51.0%) 1377 (50.5%)
Never married 1675 (43.7%) 449 (40.6%) 1226 (45.0%)
Divorced or widowed 191 (5.0%) 82 (7.4%) 109 (4.0%)
Other 5 (0.1%) 1 (0.1%) 4 (0.1%)
Missing 19 (0.5%) 10 (0.9%) 9 (0.3%)

Clinical
Number of cardiac surgeries, median (IQR) 1 (1, 2) (n ¼ 3623) 1 (1, 3) (n ¼ 1065) 1 (1, 2) (n ¼ 2558) <0.001
Inpatient cardiac admissions within past year 549 (14.5%) 200 (18.4%) 349 (13.0%) <0.001
Number of cardiac hospitalizations, median (IQR) 0 (0, 1) (n ¼ 3610) 1 (0, 2) (n ¼ 1044) 0 (0, 1) (n ¼ 2566) <0.001

Complexity of the cardiac defect <0.001
Simple 1006 (26.3%) 252 (22.8%) 754 (27.7%)
Moderate 1833 (47.8%) 520 (47.0%) 1313 (48.2%)
Great 993 (25.9%) 335 (30.3%) 658 (24.1%)

Cardiac device <0.001
None 2977 (77.7%) 823 (74.3%) 2154 (79.0%)
ICD 112 (2.9%) 45 (4.1%) 67 (2.5%)
PM 280 (7.3%) 126 (11.4%) 154 (5.7%)
Missing 463 (12.1%) 113 (10.2%) 350 (12.8%)

Congestive heart failure <0.001
Never 3361 (87.7%) 914 (82.6%) 2447 (89.8%)
Past, not current 278 (7.3%) 102 (9.2%) 176 (6.5%)
Current 128 (3.3%) 73 (6.6%) 55 (2.0%)
Missing 65 (1.7%) 18 (1.6%) 47 (1.7%)

History of arrhythmia 1034 (27.2%) 394 (35.9%) 640 (23.6%) <0.001
Other medical condition 1651 (43.4%) 575 (52.4%) 1076 (39.7%) <0.001
Psychiatric conditions 391 (10.2%) 197 (17.9%) 194 (7.1%) <0.001
Mood disorder (ever) 242 (6.4%) 136 (12.4%) 106 (3.9%) <0.001
Anxiety disorder (ever) 181 (4.7%) 97 (8.8%) 84 (3.1%) <0.001
Other psychiatric diagnosis (ever) 69 (1.8%) 28 (2.5%) 41 (1.5%) 0.030

a Wilcoxon rank-sum test was used for continuous variables and Pearson's chi-square test was used for categorical variables.
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range (IQR) for continuous variables and frequency and proportion for
categorical variables. Unadjusted differences in the demographic and
clinical characteristics between those who did and did not report pain
were compared. In statistical testing, the Wilcoxon rank-sum test for
continuous variables and the Chi-square test for categorical variables
were used. Multivariable logistic regression was used to assess differ-
ences in pain across countries, adjusting for patient demographic and
clinical characteristics that were considered as potential confounders.
Country-level random effects models were used to take into account
clustering across observations within each country. A two-sided p-value
<0.05 was considered to indicate statistical significance. All analyses
were performed using Stata 16.0 (College Station, TX, US).

The APPROACH-IS study was coordinated at the University Hospitals
Leuven/KU Leuven, Belgium and is compliant with the Declaration of
Helsinki. The study was registered at ClinicalTrials.gov: NCT02150603.
The Stanford University, Institutional Review Board approved this study,
as well as the local institutional review boards at each participating
center.
3

3. Results

3.1. Demographic and clinical characteristics

A total of 3832 patients met our inclusion criteria. The demographic
and clinical characteristics of the study participants are summarized in
Table 1. The median age was 32 years [IQR 25, 42], and slightly more
than half (52.6%) were female. The majority of participants were White
(73.7%), and half had a college degree (50.9%). The complexity of CHD
was simple for 26.3%, moderate for 47.8%, and great for 25.9%. A
substantial proportion of participants (80.2%) had at least one prior
cardiovascular operation. A cardiac implantable electronic device was
reported by 10.2% of participants (7.3% permanent pacemaker and 2.9%
implantable cardioverter-defibrillator). A history of heart failure and
arrhythmias were noted by 10.6% and 27.2% of participants respec-
tively. The most common co-morbid conditions reported by the partici-
pants were systemic hypertension (6.5%), reactive airway disease
(2.5%), dyslipidemia (1.5%), and diabetes (1.4%).

3.2. Prevalence of pain

At the time of the survey completion, 28.9% [95% CI 27.5%–30.3%]

https://clinicaltrials.gov/ct2/show/NCT02150603


Table 2
Pain in adult with congenital heart disease by country.

Variable All
N ¼ 3832

Pain
N ¼ 1107

No Pain
N ¼ 2725

p-valuea

Country <0.001
Argentina 169 (4.4%) 47 (4.2%) 122 (4.5%)
Australia 124 (3.2%) 30 (2.7%) 94 (3.4%)
Belgium 268 (7.0%) 84 (7.6%) 184 (6.8%)
Canada 493 (12.9%) 178 (16.1%) 315 (11.6%)
France 85 (2.2%) 29 (2.6%) 56 (2.1%)
India 189 (4.9%) 67 (6.1%) 122 (4.5%)
Italy 58 (1.5%) 16 (1.4%) 42 (1.5%)
Japan 241 (6.3%) 47 (4.2%) 194 (7.1%)
Malta 113 (2.9%) 24 (2.2%) 89 (3.3%)
Norway 169 (4.4%) 58 (5.2%) 111 (4.1%)
Sweden 465 (12.1%) 118 (10.7%) 347 (12.7%)
Switzerland 269 (7.0%) 83 (7.5%) 186 (6.8%)
Taiwan 239 (6.2%) 45 (4.1%) 194 (7.1%)
The Netherlands 239 (6.2%) 62 (5.6%) 177 (6.5%)
USA 711 (18.6%) 219 (19.8%) 492 (18.1%)

a Derived from Pearson's Chi-square test.

A. Leibold et al. International Journal of Cardiology Congenital Heart Disease 5 (2021) 100200
of patients described having at least moderate pain (27.2%moderate and
1.7% extreme pain). The prevalence of pain increased with age and was
23.9% (95% CI 21.8%–25.9%) for those 18–29 years of age, 29.2% [95%
CI 26.8%–31.6%] for those 30–44 years of age, 36.5% (95% CI 32.9%–

40.2%) for patients 45–64 years of age and for those over 65 years of age,
47.0% (95% CI 38.3%–55.6%) reported pain (p < 0.001). Among the 15
different countries included in APPROACH IS, Canada, India, Norway,
and had the highest proportion of participants reporting pain (36.1%,
35.4%, 34.3%, and 34.31%, respectively, see Table 2). The prevalence of
pain was lowest in Japan (19.5%), followed by Taiwan (18.8%).
3.3. Factors associated with pain

Demographic and clinical variables associated with pain in uni-
variable analyses are provided in Table 1. Female patients were more
Table 3
Presence of pain by congenital heart disease diagnosis.

Variable

Congenital heart disease diagnosis
Isolated aortic valve disease
Small atrial or ventricular septal defect
Small patent ductus arteriosus
Repaired atrial or ventricular septal defect or patent ductus arteriosus
Other defect of simple complexity
Fistula (aorto-left ventricular/sinus of valsalva)
Anomalous pulmonary venous drainage or sinus venosus atrial septal defect
Atrioventricular septal defects or primum atrial septal defect
Coarctation of the aorta
Ebstein anomaly
Infundibular right ventricular outflow tract obstruction of significance
Pulmonary valve disease with stenosis or regurgitation
Subvalvar or supravalvar aortic stenosis
Repaired tetralogy of Fallot
Ventricular septal defect with other complications
Other defect of moderate complexity
Conduits (valve or non-valved)
Cyanotic heart disease or Eisenmenger syndrome
Double outlet ventricle
Univentricular anatomy (Fontan circulation)
Pulmonary atresia (all forms)
Repaired transposition of the great arteries
Congenitally corrected transposition of the great arteries
Tricuspid atresia
Truncus arteriosus
Other defect of great complexity

a Too few patients to compute a reliable confidence interval.
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likely to report pain than male patients (59.1% versus 40.9%, p < 0.001),
as were those with less than a college degree (40.4% versus 55.1%,
p < 0.001). Those who reported pain were also older (34 years [IQR 26,
46] versus 31 years [IQR 24, 40], p < 0.001). Clinical variables that were
associated with pain included disease complexity, co-morbidities, and
cardiac interventions. Those who had at least one cardiac surgery were
more likely to experience pain than those without a prior cardiac surgery
(30.3% versus 25.6%, respectively, p ¼ 0.012). Those with CHD of great
complexity were more likely to describe having pain than those with less
complex disease (33.7% versus 27.2% respectively, p < 0.001). The
prevalence of pain by CHD diagnosis are provided in Table 3. The di-
agnoses associated with the highest prevalence of pain were cyanotic
CHD or Eisenmenger physiology (52.8%, 95% CI 41.0%–64.6%), con-
duits (41.7%, 95% CI 28.8%–54.5%), and tricuspid atresia (41.0%, 95%
CI 24.9%–57.2%).

A logistic regression with “country” random effects was employed to
identify independent predictors associated with pain (Table 4). After
controlling for potential confounders, participants from India, Canada,
Norway, Belgium, Italy, Australia and France were more likely to report
pain, while those from Argentina were less likely to report pain. Those
patients with ACHD who were older (OR 1.02, 95% CI 1.02–1.03,
p < 0.001), female (1.55, 95% CI 1.32–1.82, p < 0.001), Black (2.52,
95% CI 1.62–3.93, p < 0.001), Hispanic (OR 2.56, 95% CI 2.00–3.27,
p < 0.001), had lower educational attainment level (OR 0.56, 95% CI
0.43–0.73, p < 0.001), or who were not married (OR 0.83, 95% Ci
0.72–0.96, p ¼ 0.011), had an increased odds of reporting pain. Lastly,
the clinical variables identified as being independent predictors of pain
included disease complexity (OR 1.14, 95% CI 1.01–1.29, p ¼ 0.037),
cardiac device presence (OR 1.40, 95% CI 1.16–1.69, p < 0.001), heart
failure (OR 1.91, 95% CI 1.36–2.67, p < 0.001), and psychiatric (OR
2.36, 95% CI 1.99–2.80, p < 0.001) and other medical conditions (OR
1.36, 95% CI 1.14–1.61, p < 0.001).
3.4. Association between pain and other patient-reported outcomes

The patients with ACHDwho reported pain were more likely to report
All
N ¼ 3832

Pain
N ¼ 1107

N %, (95% Confidence Intervals)
269 22.7%, (17.6%–27.7%)
255 22.4%, (17.2%–27.5%)
13 15.4%a

361 27.7%, (23.1%–32.3%)
108 28.7%, (20.0%–37.4%)
4 25.0%a

59 35.6%, (23.0%–48.2%)
98 25.5%, (16.7%–34.3%)
384 26.3%, (21.9%–30.7%)
88 31.8%, (21.9%–41.7%)
6 33.3%a

220 30.0%, (23.9%–36.1%)
143 26.6%, (19.3%–33.9%)
582 27.8%, (17.4%–37.9%)
76 27.6%, (17.4%–37.9%)
165 33.9%, (26.6%–41.2%)
60 41.7%, (28.8%–54.5%)
72 52.8%, (41.0%–64.6%)
74 29.7%, (19.1%–40.4%)
170 34.7%, (27.5%–41.9%)
92 35.9%, (25.9%–45.9%)
343 30.6%, (25.7%–35.5%)
68 23.5%, (13.2%–33.9%)
39 41.0%, (24.9%–57.2%)
20 30.0%, (8.0%–52.0%)
63 23.8%, (13.0%–34.6%)



Table 4
Characteristics Associated with Pain in Adult with Congenital Heart Disease
Logistic regression model adjusting for country-level clustering N ¼ 3766.

Characteristic Multivariate
OR

95% CI
lower limit

95% CI
upper limit

P-
value

Participating Country [ref ¼ USA]
Argentina 0.834 0.715 0.973 0.021
Australia 1.305 1.116 1.526 0.001
Belgium 1.553 1.332 1.811 <0.001
Canada 1.693 1.596 1.797 <0.001
France 1.289 1.199 1.386 <0.001
India 2.510 1.656 3.805 <0.001
Italy 1.315 1.016 1.703 0.037
Japan 0.691 0.436 1.096 0.117
Malta 0.875 0.738 1.039 0.128
Norway 1.661 1.503 1.837 <0.001
Sweden 1.029 0.930 1.138 0.581
Switzerland 1.280 1.158 1.416 <0.001
Taiwan 0.831 0.530 1.303 0.420
The Netherlands 0.972 0.835 1.132 0.717

Demographic
Age 1.023 1.016 1.030 <0.001
Sex 1.549 1.317 1.822 <0.001
Background/Ethnicity [ref ¼ White]

Asian 1.094 0.682 1.753 0.709
Black 2.520 1.615 3.934 <0.001
Hispanic 2.555 1.997 3.270 <0.001
Other 1.312 0.822 2.095 0.255

College degree 0.557 0.426 0.728 <0.001
Married 0.828 0.716 0.958 0.011

Clinical
Cardiac defect, great
complexity

1.141 1.008 1.291 0.037

Cardiac device, any 1.400 1.159 1.690 <0.001
History of
arrhythmia

1.223 0.927 1.615 0.155

Current heart failure 1.907 1.361 2.671 <0.001
Other medical
condition

1.355 1.143 1.607 <0.001

Psychiatric
condition

2.364 1.995 2.802 <0.001
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limits to moderate activities such as bowling and golf (52.8% versus
14.3%, p < 0.001) and normal work activities (78.2% versus 16.2%,
p < 0.001) than those without pain. Those with pain were also more
likely to report difficulty climbing stairs than those without pain (74.8%
versus 35.3%, p < 0.001).

The majority (83.5%) of patients with ACHD in this study considered
their health to be at least good, with 11.4% stating their health was
excellent and 36.6% very good. Those who reported pain were less likely
to report excellent or very good health compared to those without pain
(18.7% versus 59.4%, p < 0.001). In addition, the median quality of life
score for those with data on pain was 80.0 [IQR: 70, 90]. Those with pain
had a lower quality of life score compared to those without pain (70
[IQR: 60, 80] versus 85 [IQR: 75, 90], p < 0.001) and were more likely to
have a quality of life score below 50 (11.6% versus 2.1%, p < 0.001).

Alcohol was the most common substance used by patients with ACHD
in this study, with 72.7% of participants reporting alcohol use at least
once per month with 20.0% using alcohol at least twice per week. Those
who reported pain appeared to be less likely to consume alcohol than
those without pain (66.8% versus 75.1%, p < 0.001). Tobacco use was
reported by 12.0% of participant, and sedatives were used by 5.0%. Only
1.1% of participants reported using drugs such as ecstasy, cocaine, hal-
lucinogens, or speed. Tobacco and sedative use were more common in
those with pain than those without (14.8% versus 10.9%, p < 0.001, and
10.7% versus 3.0%, p < 0.001, respectively).

4. Discussion

In this large international cohort of patients with ACHD, nearly one-
third experienced at least moderate pain. This pain was associated with
5

limitations to physical activities and work inside and outside the home,
as well as lower perceptions of health and quality of life. Geographic
variation was observed among the 15 countries included in this study,
with the prevalence of pain being highest in India, Canada, Norway,
Belgium, Italy, Australia and France after controlling for potential con-
founders. Argentina had the lowest reported prevalence of pain. In
comparison to similar age strata in the general population, the overall
prevalence of pain in patients with ACHD appears higher. A meta-
analysis reported a 10–15% prevalence of chronic pain in the general
population across Asia, Australasia, Middle East, South America, North
America, Europe, Scandinavia, and Russia. Consistent with our findings,
the authors reported a higher prevalence of pain in the population from
Canada and Norway (14.5% and 17.4%, respectively) [24]. Of the 750
participants in the current study from the US, 32.5% reported having
pain. This is significantly higher than the 20.4% previously reported in
the US general population, which is predominantly driven by those over
the age of 65 years [3].

While patients with ACHD appear to have a higher prevalence of pain
than the general population, the associations between pain and de-
mographic and clinical variables align with prior literature. Age is a
driving factor for pain in the general population, with the prevalence of
pain increasing with age [25]. The association between age and pain is
complex given the interrelationship between age and co-morbidities and
length of time for exposure to injury and toxins [5]. An increase in the
prevalence of pain with advancing age was also seen in our patients with
ACHD.

The differences in pain by gender, educational attainment, marital
status, and ethnicity reported in our study are consistent with prior
literature in the general population [3,25,26]. However, there are some
conflicting data on the association between pain and ethnicity in prior
studies. We found that Black and Hispanic individuals were more likely
to report pain. However, previous reports suggested that socioeconomic
status, which was not explored in this study, appears to have a more
significant influence on pain perception [5]. In addition, those who are
socioeconomically deprived reported higher levels of pain and disability
[26].

Persistent pain after cardiac surgery may play a role in the prevalence
of pain noted in our study. Prior studies have shown that persistent
postoperative pain after cardiac surgery is common, with approximately
one-third of patients reporting pain 3-months post-surgery and 17%
reporting pain at two years. The location of the pain was predominately
the chest [27]. Chronic post-procedural pain after cardiac device place-
ment (i.e., permanent pacemaker or defibrillator) has also been reported,
with one study suggesting that nearly a quarter of patients reported pain
at five-year follow-up [28]. Location of pain was not collected in the
APPROACH-IS study, rendering comparisons impossible. Although
APPROACH-IS was not designed to determine the cause of chronic pain,
it provides a foundation for further exploration of the relationship be-
tween cardiac interventions and chronic pain in patients with ACHD.

An association between adult co-morbidities and pain has consis-
tently been reported. In particular, there is a strong association between
chronic pain and mental health issues [3,5,26]. Given this, it is not sur-
prising that we found a correlation between co-morbidities and pain in
our ACHD patient population. As the literature evolves, it is becoming
increasingly clear that patients with ACHD are at greater risk for adult
co-morbidities than the general population and, therefore, are presumed
to be at greater risk for chronic pain [8,9,11,29–31]. Depression, anxiety,
and post-traumatic stress disorder are also common in patients with
ACHD [13,14,32]. It remains unclear to what degree pain influences
mental health status and vice versa in patients with ACHD. Notwith-
standing, psychological interventions may reduce pain perception and in
turn improve quality of life. As described in the general population, the
interaction between pain and depression appears complex, with one
condition impacting the other with many similarities both clinically and
biologically [33]. It appears reasonable, therefore, to assess for pain in
patients with ACHD and co-morbidities, in particular mental health
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conditions. In addition, it should be noted that some patients with ACHD
consider themselves to be asymptomatic even when identifying as having
pain [34].

Pain in patients with ACHD appears to have associations that impact
engagement in physical activities, perceived health, and quality of life.
Physical limitations due to the presence of pain are common [35]. In our
study, more than three-quarters of those who reported pain had limits to
moderate activities (i.e., bowling and household chores) and climbing
stairs. Of interest, only 30% of the ACHD population meets World Health
Organization activity health recommendations [36]. While the lack of
physical activity in patients with ACHD is likely multifactorial; pain may
contribute to inactivity in some patients. There also appears to be an
association between physical activity and perceived health [37]. While
nearly half of the patients with ACHD considered their health to be very
good or excellent, those with pain were far less likely to report this level
of perceived health. With limits to physical activity and lower perceived
health in patients with ACHD who have pain, it is not surprising that
quality of life scores were lower. Although quality of life is generally
good for patients with ACHD [38], pain may be a contributing factor in
some patients with a decreased quality of life. As we consider initiatives
to improve the lives of patients with ACHD, our study calls attention to
the importance of addressing pain. It remains to be demonstrated
whether outcomes can be improved by widespread screening for pain,
followed by appropriate referral and management. There is a need to
better understand triggers for chronic pain in patients with ACHD and to
develop targeted preventative strategies.

The large sample size of the APPROACH-IS study with international
representation is a significant strength of this study. However, the results
may not be generalizable to the greater ACHD population given that
patients enrolled in this study had continued follow-up at a ACHD center
or were included in a national or regional registry were included in
APPROACH IS. In addition, the population was predominately White,
and highly educated. Additional limitations include the cross-sectional
nature of the study that precludes causal inferences. Results may have
been impacted by social desirability, and recall bias. The variability in
recruitment approach, likely resulted in some degree of selection bias.
The varying length of time actively recruiting at each site may have
impacted the enrollment numbers in each participating country,
although attempts were made to control for this in the analyses. In
addition, cultural differences may have affected the way participants
experience and report pain. Pain was measured differently between our
study and various references; therefore, direct comparisons should take
variability in measurement of pain into consideration. While recent
cardiac surgical interventions were excluded, other procedures that
might be associated with post procedural pain could not be excluded as
the study was limited by the availability of collected data. Although
APPROACH-IS was well suited to assess the prevalence of pain,
geographic variabilities, and associations with other patient-reported
outcomes, the available data did not permit an in-depth exploration of
pain location, timing, frequency, and pharmaceutical and non-
pharmaceutical treatments of pain.

In conclusion, in the largest study of pain in patients with ACHD,
nearly one-third reported pain, which appears more common than prior
reports in an age-stratified general population. Given the relatively
young age of the ACHD population and the association between older age
and pain, it is likely that the proportion of patients with ACHD and pain
will increase over time. Pain appears to impact physical activity, work,
perceived health, and quality of life. Pain may also play a role in trig-
gering or exacerbating mental health conditions. Further research is
required to elucidate triggers for pain and to assess the impact of pre-
ventive and therapeutic interventions.
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