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Abstract

Introduction: Hospital readmission is an important driver of costs among patients with CHD.
We assessed predictors of 30-day rehospitalisation following cardiac surgery in CHD patients
across the lifespan. Methods: This was a retrospective analysis of 981 patients with CHD who
had cardiac surgery between January 2011 and December 2012. A multivariate logistic regres-
sion model was used to identify demographic, clinical, and surgical predictors of 30-day
readmission. Receiver operating curves derived from multivariate logistic modelling were
utilised to discriminate between patients who were readmitted and not-readmitted at 30 days.
Model goodness of fit was assessed using the Hosmer–Lemeshow test statistic. Results:
Readmission in the 30 days following congenital heart surgery is common (14.0%). Among
981 patients risk factors associated with increased odds of 30-day readmission after congenital
heart surgery through multivariate analysis included a history of previous cardiac surgery
(p < 0.001), longer post-operative length of stay (p< 0.001), as well as nutritional (p< 0.001),
haematologic (p< 0.02), and endocrine (p= 0.04) co-morbidities. Patients who underwent sep-
tal defect repair had reduced odds of readmission (p< 0.001), as did children (p= 0.04) and
adult (p = 0.005) patients relative to neonates. Conclusion: Risk factors for readmission include
a history of cardiac surgery, longer length of stay, and co-morbid conditions. This information
may serve to guide efforts to prevent readmission and inform resource allocation in the tran-
sition of care to the outpatient setting. This study also demonstrated the feasibility of linking a
national subspecialty registry to a clinical and administrative data repository to follow longi-
tudinal outcomes of interest.

Rehospitalisation has a significant financial impact on the healthcare system and is associated
with increased patient morbidity1. Although estimates of the proportion of preventable hospital
readmissions vary2, it is thought that many are avoidable, making readmission an important
metric of healthcare efficiency for quality improvement initiatives. In the United States, hospital
readmission rates are tied to federal reimbursements and penalties, and a reduction in
readmissions has become the standard for comparing relative quality of care.

Rehospitalisation is a significant aspect of providing care to CHD patients, particularly as the
overall burden of disease shifts towards older patients with increasingly complex lesions and
co-morbidities3 and as resource utilisation among this population is projected to increase in
the setting of rising healthcare costs4. Rehospitalisation is responsible for as much as 10% of
the annual inpatient cost of caring for adult CHD patients5, and even in the setting of publicly
funded universal access to health care, hospital readmission is common among CHD patients6.
As rehospitalisation continues to be an important driver of healthcare costs among this
resource-intense population, the identification of predictors of readmission is an important first
step to ensuring the appropriate management of CHD patients through the perioperative
period.

There are limited data exploring early outcomes after CHD surgery, particularly among ado-
lescent and adult CHDpatients7–9, despite an estimated 15–20% of hospitalisations among CHD
patients being admissions for congenital cardiac surgery10. Among children who undergo
cardiac surgery rehospitalisation is common, with frequent readmission for non-cardiovascular
complications11. The Society of Thoracic Surgeons Congenital Heart Surgery Database collects
perioperative information on all patients undergoing operations for CHD at participating
centres and has been identified as a valuable repository of surgical information that allows
for the evaluation of outcomes in the CHD population7,11–15.

The purpose of this study was to determine the 30-day readmission rate for CHD patients of
all ages who undergo cardiac surgery and to examine potential risk factors associated with
readmission, utilising the STS Congenital Heart Surgery Database supplemented by a clinical
and administrative data repository that allowed for longitudinal follow-up of CHD patients
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across multiple metropolitan sites in Georgia. It is hypothesised
that identifiable demographic, clinical, and surgical risk factors
are present during the index surgical admission that are associated
with unplanned 30-day hospital readmission for CHD patients.

Methods

Data source

We conducted a retrospective cohort study to assess readmissions
of children and adults with CHD. Patient demographics, clinical
characteristics, and surgical outcomes were obtained from the
2010–2013 Society for Thoracic Surgeons Heart Surgery
Database for both children and adult patients with a CHD diagno-
sis. To identify hospital readmissions, information from the STS
database was linked to Emory University’s population-based sur-
veillance data repository for individuals with a CHD diagnosis that
includes data from 2011–2013. The data are part of an expanded
collaboration between Emory University and the Centers for
Disease Control and Prevention16 that includes Georgia Medicaid
administrative claims, allowing for the follow-up of patient
outcomes longitudinally across multiple sites in Georgia16,17.

Study participants

Primary analysis included all patients from the 2010–2013 (STS)
Heart Surgery database with at least 1 International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnostic code indicating a CHD diagnosis and at least 1
Current Procedural Terminology code indicating a congenital
heart surgery procedure. Patients who were unable to be linked
into the Emory CHD data repository, as well as patients who died
during the index surgical hospitalisation, were excluded because
they were not at risk of readmission. Patients who were admitted
for greater than 1 month following surgical intervention were also
excluded from analysis. Patients who were discharged from their
index hospitalisation prior to January 1, 2011 or after November
30, 2013 were also excluded, allowing for the tracking of 30-day
readmissions during a 3-year period from 2011 to 2013. For the
purpose of developing a predictive model of readmission, this pop-
ulation was separated into a derivation cohort (patients discharged
January 2011 through December 2012) and a validation cohort
(January 2013 through November 2013).

Patient and admission characteristics

The primary outcome of interest was hospital readmission.
Readmission was defined as any non-elective hospitalisation of a
patient within ≤30 days of discharge from the index admission,
in which a cardiac surgery procedure was performed as indicated
by Current Procedural Terminology codes. Transfers to another
facility from the index readmission were excluded from analysis.

Patient- and admission-level characteristics included age, gen-
der, race, payer status, CHD severity, co-morbidities, length of stay,
presence of previous cardiac surgeries, type of surgical interven-
tion, presence of in-hospital complications, and weekend dis-
charge. Age was defined categorically as <1 year, 1–18 years,
19–64 years, and ≥65 years. Race was categorised using self-report
as White, Black/African-American, or other. Insurance payer sta-
tus was categorised as public (including Medicare and Medicaid),
private/employer-based, uninsured or self-pay, or other/unknown.
Severity of CHD disease was classified as severe or not severe using
a modified Marelli classification scheme, as outlined in Glidewell

et al16,18. Co-morbidities of interest were identified using
ICD-9-CM codes and were classified as cardiac, pulmonary, pul-
monary hypertension, renal, hepatic, neurologic, haematologic,
genetic syndrome, nutritional (specifically, overweight/obesity,
underweight, or failure to thrive), or endocrine disease. Individual
diagnoses, ICD-9-CM codes, and their classification are summarised
in Supplementary Table 2. Length of stay was measured in days from
cardiac surgery to discharge and categorised as≤1 week,>1 week and
≤2 weeks, and >2 weeks and ≤ 1month. The presence of in-hospital
post-operative complications was documented using STS definitions.
The day of the week of discharge from index hospitalisation was
dichotomised as Sunday to Thursday and Friday to Saturday to
account for patients’ ability to seek outpatient follow-up within
24 hours of discharge.

Surgical interventions were categorised using Current
Procedural Terminology codes as surgery on the heart and great
vessels, valve surgery, single ventricle repair and shunt placement,
septal defect repair, sinus of Valsalva or venous anomaly
repair, transposition of the great arteries repair, truncus arteriosus
repair, aortic anomaly repair, pulmonary artery surgery, heart trans-
plant, electrophysiology/pacemaker procedures, and other/non-
cardiac procedure. Examples of surgeries on the heart and great ves-
sels include cor triatriatum repair and pulmonary atresia repair;
septal defect repairs include tetralogy of Fallot repair and atrial, ven-
tricular, and atrioventricular septal defect repair; while pulmonary
artery surgery includes pulmonary artery reconstruction or unifoc-
alisation of major aortopulmonary collateral arteries. These surgical
interventions were not deemed mutually exclusive events, and
patients may have undergone multiple categories of surgical inter-
vention during a single operation (e.g., both a septal defect repair
and a valve repair). The number of cardiac surgery types received
during index hospitalisation was categorised as 1, 2, or ≥3. A full
listing of individual surgical procedures and their classification is
summarised in Supplementary Table 3.

Data analysis

Statistical analyses were conducted using SAS 9.4 (Cary, North
Carolina, United of America). Descriptive statistics include median
and interquartile range for continuous variables and frequencies
and percentages for categorical variables. Demographic and clinical
data were compared using the chi-square test or Fisher’s exact test,
where appropriate, for categorical variables. The odds of 30-day
readmission were assessed using both univariate and multivariate
logistic regression analyses. Receiver operating curves derived from
multivariate logistic modelling were utilised to discriminate between
patients who were readmitted and not readmitted at 30 days. Model
goodness of fit was assessed using theHosmer–Lemeshow test statistic
option included in themultivariate logistic regression procedure. Data
from logistic regression models are reported as odds ratios and 95%
confidence intervals.

Results

From 2011 to 2013, there were 2083 patients who met inclusion
criteria from the STS database. Of these, patients were excluded
if they did not have either an identifiable CHD ICD-9-CM diag-
nosis code or CHD surgery Current Procedural Terminology code
(n= 73), if they could not be linked to the Emory University sur-
veillance data repository (n= 482), or if they did not survive from
surgery to 30 days after hospital discharge (n= 49). The remaining
1469 patients form the study population for analysis, with
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981 patients included in the derivation cohort and 488 in the
validation cohort.

Baseline demographic and admission characteristics of the der-
ivation cohort are summarised in Table 1. The median age at index
hospitalisation was 12 months, with patients ranging in age from
<1 month to 88 years. Patients under 1 year of age (n= 484) com-
prised 49.3% of the sample and adults (n= 101) made up 10.3% of
the sample. Using a modified Marelli grouping, 49.0% of patients
(n= 481) were classified as having severe CHD, and 29.6%
(n= 290) were found to have undergone prior cardiac intervention.
Amajority of patients had a post-surgical length of stay of less than
1 week (n= 754, 76.9%), and 30.3% (n= 297) had a Friday or
Saturday discharge. In-hospital complications were common,
occurring among 41.5% (n= 407) of patients, and 41.6% of
patients had more than one type of cardiac surgery during the
index hospitalisation. The most common types of cardiac surgery
performed on patients were septal defect repairs (n= 552, 56.3%),

valve surgery (n= 237, 24.2%), and single ventricle repair and
shunt placement (n= 205, 20.9%). The most common
co-morbid conditions were cardiac (n= 350, 35.7%), nutritional
(n= 260, 26.5%), haematologic (n= 137, 14.0%), and pulmonary
(n= 110, 11.2%). Baseline characteristics of the validation cohort
and comparison to the derivation cohort are summarised in
Supplementary Table 1. The validation cohort notably differed
from the derivation cohort in prevalence of pulmonary artery sur-
gery (16.9% compared to 11.1% in derivation cohort, p= 0.01),
cardiac co-morbidities (25.2% versus 35.7%, p< 0.001), and nutri-
tional co-morbidities (34.6% versus 26.5%, p= 0.001).

From 2011 to 2012, of 981 patients, a total of 137 were readmit-
ted within 30 days of discharge from an index hospitalisation
(14.0%). The median time to readmission was 8 days. A univariate
analysis of predictors of 30-day readmission is summarised in
Table 2. Patient gender and race were not significantly associated
with hospital readmission. Insurance payer, severe CHD, history of

Table 1. Baseline characteristics of derivation cohort at index hospitalisation

Variable All patients n= 981 Variable All patients n= 981

Age at surgery n % Comorbidities n %

<1 484 (49.3) Cardiac disease 350 (35.7)

1–18 396 (40.4) Pulmonary disease 110 (11.2)

19–64 90 (9.2) Pulmonary hypertension 6 (0.6)

65þ 11 (1.1) Renal disease 14 (1.4)

Male 509 (51.9) Hepatic disease 30 (3.1)

Race Neurologic disease 26 (2.7)

White 568 (57.9) Haematologic disease 137 (14.0)

Black 326 (33.2) Nutritional 260 (26.5)

Other 87 (8.9) Endocrine disease 48 (4.9)

CHD severity Genetic syndromes 43 (4.4)

Severe 481 (49.0) Surgery type

Not severe 500 (51.0) Electrophysiology/pacemaker 32 (3.3)

Insurance payer Surgery on heart and great vessels 31 (3.2)

Government 572 (58.3) Valve surgery 237 (24.2)

Private 378 (38.5) Single ventricle repair, shunt procedures 205 (20.9)

None 20 (2.0) Septal defect repair 552 (56.3)

Other/Unknown 11 (1.1) Sinus valsalva/venous anomaly repair 51 (5.2)

Previous cardiac surgery 290 (29.6) Transposition of the great arteries repair 47 (4.8)

Length of stay (surgery to discharge) Truncus repair 7 (0.7)

≤1 week 754 (76.9) Aortic anomaly repair 130 (13.3)

>1 week, ≤2 weeks 161 (16.4) Pulmonary artery surgery 109 (11.1)

>2 weeks, ≤1 month 66 (6.7) Heart transplant 34 (3.5)

In-hospital complication Other 137 (14.0)

Complication 407 (41.5) Number of surgery types at index hospitalisation

No complication 574 (58.5) 1 573 (58.4)

Day of week of discharge 2 269 (27.4)

Friday or Saturday 297 (30.3) ≥3 139 (14.2)

Sunday to Thursday 684 (69.7)
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Table 2. Univariate comparison of 30-day hospital readmission among derivation cohort

Variable Readmitted N= 137
Not readmitted

N= 844 p

Age at surgery n % n % 0.003

<1 88 (18.2) 396 (81.8)

1–18 40 (10.1) 356 (89.9)

19–64 8 (8.9) 82 (91.1)

65þ 1 (9.1) 10 (90.9)

Gender 0.19

Male 64 (12.6) 445 (87.4)

Female 73 (15.5) 399 (84.5)

Race 0.63

White 84 (14.8) 484 (85.2)

Black 43 (13.2) 283 (86.8)

Other 10 (11.5) 77 (88.5)

CHD severity <0.001

Not severe 46 (9.2) 454 (90.8)

Severe 91 (18.9) 390 (81.1)

Insurance payer 0.02

Government 96 (16.8) 476 (83.2)

Private 39 (10.3) 339 (89.7)

None 1 (5.0) 19 (95.0)

Other/Unknown 1 (9.1) 10 (90.9)

Previous cardiac surgery <0.001

No previous surgery 61 (8.8) 630 (91.2)

Previous surgery 76 (26.2) 214 (73.8)

Length of stay (procedure to discharge) <0.001

≤1 week 69 (9.2) 685 (90.8)

>1 week, ≤2 weeks 44 (27.3) 117 (72.7)

>2 weeks, ≤1 month 24 (36.4) 42 (63.6)

In-hospital complication <0.001

No complication 51 (8.9) 523 (91.1)

Complication 86 (21.1) 321 (78.9)

Day of week of discharge 0.02

Friday or Saturday 30 (10.1) 267 (89.9)

Sunday to Thursday 107 (15.6) 577 (84.4)

Number of cardiac surgery types at index hospitalisation 0.002

1 62 (10.8) 511 (89.2)

2 46 (17.1) 223 (82.9)

≥3 29 (20.9) 110 (79.1)

Surgery type

Electrophysiology/pacemaker 7 (5.0) 23 (2.8) 0.58

Surgery on heart and great vessels 10 (7.1) 27 (3.3) 0.41

Valve surgery 30 (21.4) 208 (25.4) 0.15

Single ventricle repair, shunt placement 64 (45.7) 136 (16.6) <0.001

Septal defect repair 60 (42.9) 512 (62.6) <0.001

(Continued)
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previous cardiac surgery, longer hospital length of stay, in-hospital
complication, weekend discharge, and increased number of cardiac
surgeries were independently associated with rehospitalisation.
Single ventricle repair and shunt placement, septal defect repair,
pulmonary artery surgery, heart transplant, and other surgeries
were associated with 30-day readmission, as were the presence
of cardiac, hepatic, haematologic, nutrition, and genetic syndrome
co-morbidities.

A multivariate model predicting 30-day hospital readmission
was devised using predictors identified through univariate analyses
and is summarised in Table 3. A previous history of cardiac surgery
(odds ratio 2.24, 95% confidence interval 1.40–3.57, p< 0.001),
hospital length of stay >1 week and ≤2 weeks (odds ratio 2.72,
95% confidence interval 1.66–4.46, p< 0.001), and hospital length
of stay ≥2 weeks and ≤1 month (odds ratio 3.58, 95% confidence
interval 1.93–6.64, p< 0.001) were associated with increased
30-day readmission, as were the presence of nutritional (odds ratio
2.65, 95% confidence interval 1.72–4.08, p< 0.001), haematologic
(odds ratio 1.94, 95% confidence interval 1.09–3.42, p= 0.04), and
endocrine (odds ratio 2.30, 95% confidence interval 1.03–5.18,
p= 0.02) co-morbidities. Patient aged 1–18 years and 19–64 years
had decreased odds of readmission relative to patients <1 year of
age (odds ratio 0.60, 95% confidence interval 0.37–0.98, p= 0.04
and odds ratio 0.26, 95% confidence interval 0.10–0.67, p< 0.01,
respectively), and septal defect repairs were also associated with
reduced odds of admission (odds ratio 0.30, 95% confidence inter-
val 0.19–0.48, p< 0.001). No surgical procedure was significantly
associated with increased odds of 30-day readmission. Model per-
formance was evaluated using a receiver operating curve to

Table 2. (Continued )

Variable Readmitted N= 137
Not readmitted

N= 844 p

Sinus valsalva/venous anomaly repair 11 (7.9) 41 (5.0) 0.69

Transposition of the great arteries repair 9 (6.4) 44 (5.4) 0.21

Truncus repair 2 (1.4) 5 (0.6) 0.94

Aortic anomaly repair 26 (18.6) 111 (13.6) 0.42

Pulmonary artery surgery 36 (25.7) 87 (10.6) 0.04

Heart transplant 14 (10.0) 9 (1.1) <0.001

Other 44 (31.4) 102 (12.5) <0.001

Co-morbidities

Cardiac disease 63 (46.0) 287 (34.10) 0.007

Pulmonary disease 21 (15.3) 89 (10.6) 0.10

Pulmonary hypertension 2 (1.5) 4 (0.5) 0.20

Renal disease 2 (1.5) 12 (1.4) 0.99

Hepatic disease 12 (8.8) 18 (2.1) <0.001

Neurologic disease 6 (4.4) 20 (2.4) 0.24

Haematologic disease 32 (23.4) 105 (12.4) <0.001

Nutritional 68 (49.6) 192 (22.8) <0.001

Endocrine disease 11 (8.0) 37 (4.4) 0.07

Genetic syndromes 13 (9.5) 30 (3.6) 0.002

P values <0.05 have been bolded, as have variable labels.

Table 3. Multivariate logistic regressionmodel of 30-day readmission predictors
controlling for patient gender, race, and CHD severity

Variable
Odds ratio (95%

confidence interval) p

Age 1–18* 0.60 (0.37–0.98) 0.04

Age 19–64* 0.26 (0.10–0.67) 0.005

Age ≥65* 0.48 (0.05–4.25) 0.51

Female gender** 1.41 (0.94–2.13) 0.10

Black race*** 0.94 (0.60–1.47) 0.80

Other race*** 0.82 (0.38–1.76) 0.60

Severe CHD**** 1.06 (0.66–1.69) 0.82

Previous cardiac surgery 2.24 (1.40–3.57) <0.001

Post-operative LOS> 1 week, ≤2 weeks***** 2.72 (1.66–4.46) <0.001

Post-operative LOS> 2 weeks, ≤1 month***** 3.58 (1.93–6.64) <0.001

Septal defect repair 0.30 (0.19–0.48) <0.001

Nutritional co-morbidity 2.65 (1.72–4.08) <0.001

Haematologic co-morbidity 1.94 (1.09–3.42) 0.02

Endocrine co-morbidity 2.30 (1.03–5.18) 0.04

LOS=length of stay
*Age 0–1
**Male gender
***White race
****Non-severe CHD
*****LOS<1 week
P values <0.05 have been bolded, as have variable labels.
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demonstrate the model relationship between model sensitivity and
false negatives, yielding a c statistic of 0.80 (95% confidence inter-
val 0.75–0.84, p< 0.001), as demonstrated in Figure 1. Evaluation
of model goodness of fit yielded a Hosmer–Lemeshow statistic of
0.73. The derivation model c statistic was subsequently validated
with the use of the validation cohort, again yielding similar perfor-
mance characteristics (c statistic 0.78, 95% confidence interval
0.72–0.84, p< 0.001).

Discussion

Our study demonstrates that 30-day rehospitalisation is associated
with a complex overlay of patient demographic characteristics,
admission characteristics, surgical complexity, and post-surgical
course. An unplanned 30-day readmission rate of 14.0% was
revealed following congenital heart surgery, which is similar to
the experiences of children and adult patients at other
centres7,11,19–22. A history of previous cardiac surgery, longer
post-operative hospital length of stay, as well as nutritional,
endocrine, and haematologic co-morbidities were associated with
increased odds of 30-day readmission, while patient age
1–18 years, patient age 19–64 years, and septal defect repairs were
associated with decreased odds of readmission.

Gender, race, ethnicity, and socio-economic status have been
previously associated with hospital readmission and mortality in
CHD patients. Kim et al identified female gender, black race,
low median annual income, and insurance payer as being associ-
ated with 30-day readmissions following congenital heart surgery
in a multi-institutional study of adult CHD patients7. Similarly,
Hispanic ethnicity and insurance payer have been identified as
risk factors of 30-day readmission in a paediatric CHD patient
population11,21. Our study failed to show a significant association
between either insurance payer or race and rehospitalisation.
Interestingly, results also failed to show a significant association
between patient gender and rehospitalisation, although previously
female gender has been correlated with worse surgical and post-
operative outcomes despite being associated with milder forms
of CHD7,23,24. A previous study of risk factors for readmission after

paediatric cardiothoracic surgery that was also based in Atlanta
found that Hispanic ethnicity was associated with increased risk
of readmission20. While the current study had access to self-
reported data on patient race, data on ethnicity were missing from
several data sources.

Children aged 1–18 years and adult patients aged 19–64 years
were at lower risk of 30-day readmission than neonates, which
may reflect more compensated congenital disease among this
group. Although the post-surgical readmission rates among adults
aged ≥65 (9.1%) years were similar to children (10.1%), a signifi-
cant reduction in risk of hospital readmission in the elderly relative
to neonates was not demonstrated, likely due to smaller sample
sizes limiting statistical power. In one Canadian population-based
retrospective study of 30-day hospital readmission among CHD
patients after hospitalisation for any reason, readmission rates
increased with increasing age8. This effect was attributed to a
greater burden of cardiac complications, co-morbid conditions,
and greater need for re-intervention and revision of previous sur-
gical procedures in adult CHDpatients. One limitation of the study
is inability to further differentiate readmission risk among patients
<1 year old, as it is possible that the increased odds of readmission
in this age group may be driven by younger neonates than by
infants.

A history of previous cardiac surgery and increased post-
operative length of stay were also associated with increased risk
of 30-day readmission in multivariate analysis, potentially reflect-
ing poorer overall health status when there is a need for surgical
re-intervention, or active decompensation requiring a more com-
plex intervention. Interestingly, in multivariate analysis, the
severity of the underlying CHD lesion and the presence of post-
operative in-hospital complications were not significantly associ-
ated with rehospitalisation. Our definition of severe CHD reflects
patients with high probability for cyanosis or surgical intervention
early in life, and this definition may not accurately reflect disease
severity following surgical intervention later in life18.

The day of the week of hospital discharge has been increasingly
examined as a predictor of readmission among CHD patients, with
the thought that patients discharged on a Friday or Saturday have
limited access to outpatient services within the first 24–48 hours

Figure 1. Receiver operator characteristic curve predicting 30-day hospital readmission for both (a) derivation cohort (AUC = 0.80, 95% confidence interval 0.75–0.84) and
(b) validation cohort (AUC = 0.78, 95% confidence interval 0.72–0.84). AUC=area under curve.
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after discharge6,8,21. These studies have yielded conflicting results.
In a study byMackie et al of hospital readmission among Canadian
children with CHD, Friday or Saturday discharge was identified as
an independent predictor of readmission6. Other population-based
studies in Canada failed to identify weekend discharge as a predic-
tor of readmission among CHD patients of all ages8. The current
study failed to demonstrate that day of week of hospital discharge is
associated with 30-day rehospitalisation in multivariate analysis.
However, it is possible that providers are more hesitant to facilitate
discharge for more complex post-surgical patients on the weekend,
and that weekend discharges favour lower acuity patients. This
theory is supported by Smith, et al, who found that post-surgical
children with CHD that consumed greater inpatient resources
were less likely to be discharged over the weekend21.

Haematologic and nutritional co-morbidities were also associ-
ated with increased odds of 30-day readmission. Anaemia is
common in patients with complex CHD and has been described
as an independent predictor of length of stay in adults with
CHD25. Poor pre-operative nutritional status has also been
extensively described as a predictor of clinical outcomes in children
with CHD, including increased ICU length of stay, prolonged
mechanical ventilation, and increased mortality26. Chronic renal
insufficiency has previously been described as a risk factor for
readmission following congenital heart surgery in adults7, while
other chronic co-morbid conditions including hypertension, con-
gestive heart failure, chronic lung disease, and liver disease were
not significantly associated with readmission. While results failed
to demonstrate a significant association between renal disease and
30-day readmission, it is possible that these data lacked sufficient
statistical power to adequately examine individual chronic
co-morbidities taken in isolation, especially given the relatively
young age of our study population.

None of the examined categories of congenital heart surgery
were associated with increased odds of 30-day rehospitalisation.
Certain types of congenital heart surgery, including single ventricle
repair and heart transplant, may reflect more complex underlying
congenital heart lesions, poorer overall health status, and in the
case of heart transplant concern for additional post-surgical com-
plications including organ rejection and infection in the setting of
compromised immunity. However, it is possible that this study
lacked sufficient statistical power to identify significant differences
in odds of readmission in a multivariate model. Septal defect
repairs, including simple atrial and ventricular septal defect repairs
and closure of a patent foramen ovale, were associated with
decreased odds of rehospitalisation. Although patent foramen
ovale is considered a normal physiologic variant rather than a con-
genital heart lesion, ICD-9-CM codes were unable to differentiate
patent foramen ovale from isolated atrial septal defect, and this
remains a potentially significant limitation in the interpretation
of these findings27.

The findings of this study are subject to several limitations.
Patient CHD diagnoses, surgeries, and outcomes were categorised
using diagnostic and procedural codes from a combined clinical
and administrative dataset, resulting in limited sensitivity and speci-
ficity when defining cases and associated outcomes as well as poten-
tial inaccuracies in coding. The specificity of stratifying congenital
heart surgery complexity by Current Procedural Terminology code
was limited, as Current Procedural Terminology codes are organised
for medical billing purposes and do not capture the complexity of
congenital heart surgery procedures. The Risk Adjustment for
Congenital Heart Surgery-1 method is a validated tool that has been

used to adjust for congenital surgical case complexity in children and
has previously been applied to adult patients. Although the Risk
Adjustment for Congenital Heart Surgery-1 score has been demon-
strated to predict mortality, major adverse events, and prolonged
length of stay in adults undergoing congenital heart surgery28,
it has not been validated in this population. Similarly, the
STS-European Association for Cardiothoracic Surgery score has
been validated as a method of discriminating surgical complexity
in CHD repair29. These scoring systems may provide additional
robust prognostic data, although for the purposes of predicting
outcomes, this study demonstrates that Current Procedural
Terminology codes may offer some prognostic value in predicting
hospital readmission. Additionally, this study was designed to cap-
ture readmission among patients at multiple facilities within
Georgia; patients who underwent congenital heart surgery at a refer-
ral centre and were admitted to a facility not captured may poten-
tially underestimate the true incidence of readmission. Similarly, it is
important to note that patients whowere excluded from analysis due
to inability to be captured in our data repository may represent an
unmeasured source of selection bias.

Hospital readmission is common following cardiac surgery
among CHD patients across the entire lifespan and is more likely
to occur in specific populations of patients. Although we identify
several preoperative, perioperative, and post-operative risk factors
associated with unplanned rehospitalisation, it is clear that
readmission is dependent on a complex array of factors.
Additional factors not considered in this study likely contribute
to improving our ability to accurately identify those at risk of reho-
spitalisation, although the use of administrative databases limits
the ability to include institutional- and systems-level factors.
These include variations in provider practice, outpatient resource
availability, and institutional policies that may contribute to poten-
tial readmission following congenital heart surgery. In addition,
recent work has also sought to identify clinical and biomarker
predictors of readmission following paediatric congenital cardiac
surgery30–34, although work remains to identify the extent to which
these findings apply to adults who undergo congenital cardiac
surgery.

Conclusion

Rehospitalisation is common in both children and adult
CHD patients following congenital heart surgery. A history of pre-
vious cardiac surgery, increased post-operative length of stay,
anaemia, endocrine co-morbidity, and nutritional co-morbidity
are described as independent predictors that may serve to identify
patients at increased risk of unplanned hospital readmission.
Septal defect repair is associated with decreased risk of rehospital-
isation. Children and adult patients had lower odds of readmission
relative to neonates. This study demonstrates the feasibility of
linking a national subspecialty registry to a combined clinical
and administrative data repository allowing for longitudinal
follow-up of outcomes of interest, potentially paving the way for
using surgical registries to track longer term morbidities that
impact follow-up and access to care. This information may serve
to guide efforts to prevent readmission, as well as inform resource
allocation in the transition of care to the outpatient setting.
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