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Abstract

Objective: To describe changes in functional status between the last pediatric and first adult

congenital heart disease (CHD) clinic visits in patients with moderate to severe CHD after

implementing a healthcare transition (HCT) planning program.

Design: Quasi-experimental design. Patients were followed prospectively following the implemen-

tation of the intervention; Control patients transitioned from the Pediatric CHD Clinic into Adult

CHD Clinic before the intervention.

Setting: Texas Children’s Hospital (TCH).

Patients: Sixteen to 25-year-olds, cognitively normal, English speaking patients with moderate to

severe CHD who transitioned from the Pediatric to the Adult CHD clinic.

Interventions: An EMR-based transition planning tool (TPT) was introduced into the Pediatric

CHD Clinic. Two nurses used the TPT with eligible patients. Independent of the intervention, two

medicine-pediatric CHD physicians and one nurse practitioner were added to the ACHD Clinic to

address growing capacity needs.

Outcome Measures: The New York Heart Association Functional Classification of Heart Failure

(NYHAFS).

Results: Control patients waited 26619.2 months after their last pediatric clinic visit for their

first adult visit. Intervention patients waited 1368.3 months (P5 .019). Control and Interven-

tion patients experienced a lapse in care greater than two (50% vs 13%, P5 .017) and three

(30% vs 0%, P5 .011) years, respectively. The difference between the recommended number

of months for follow-up and the first adult appointment (15.1617.3 Control and 4.466.1

Intervention months) was significant (P5 .025). NYHAFS deteriorated between the last

Pediatric visit and the first ACHD visit for seven (23%) Control patients and no Intervention

patients (P5 .042). Four of seven Control patients whose NYHAFS declined had a lapse of care

of more than two years.
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Conclusions: There is a need for improved HCT planning for patients with moderate to severe

CHD, otherwise, lapses of care and adverse outcomes can ensue.
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1 | BACKGROUND

Adolescents and young adults with congenital heart disease (AYACHD)

constitute a growing population for whom life expectancy has signifi-

cantly increased in recent decades so that by 2007, there were more

adults with CHD than children.1 Yet success in improving lifespan has

not been matched by methods to facilitate a well-planned and

executed healthcare transition (HCT) process, which all patients with

moderate to severe CHD require.2 Existing HCT methods for AYACHD

are inadequate, contributing to increased morbidity and mortality

during the transition from pediatric-based care.3–5 In a group of adoles-

cents and young adults with moderate to complex CHD, lapses in care

of�2 years between the last pediatric and the first adult CHD visit

occurred in 63% of patients and 60% of these patients received a new,

hemodynamically significant diagnosis at the time of their first adult

CHD clinic visit.6 In addition, combining the absence of effective HCT

methods with a dearth of adult cardiologists willing to take young

adults with moderate to severe CHD into their practice, some pediatric

cardiologists choose to follow patients well into adulthood. More than

50% of pediatric cardiologists care for at least 20 patients�21 years

of age and 22%, 13% and 10% cared for at least 20 patients

> 30,>40, and > 50 years of age, respectively.7 This creates a chal-

lenge for providing interdisciplinary care for CHD adults with comor-

bidities in pediatric hospitals. Six percent of admissions to pediatric

hospitals are for adult patients accounting for $1 billion in charges in

the United States. in 1999 dollars.8

Given the increased morbidity associated with lapse of care in

young adults with moderate to severe CHD during their transition to

adult care, the absence of evidence-based HCT methods for patients

with CHD, and the lack of published reports examining outcomes of

formal HCT programs, the purpose of this study was to describe

changes in functional status between last pediatric and first adult CHD

clinic visits in patients with moderate to severe CHD after implement-

ing a HCT transition planning program.

2 | METHODS

2.1 | Needs assessment

A 2011 needs assessment of the HCT processes occurring in the Texas

Children’s Hospital (TCH) Pediatric Cardiology Clinic demonstrated that

there was no formal or written HCT policy. There were two medicine-

pediatrics trained pediatric cardiologists to whom patients with CHD

could be transferred within the TCH Heart Center and there were no

agreed upon criteria for transition readiness. Typically patients who

transitioned to the TCH Adult Congenital Health Disease (ACHD) Clinic

were young adults who either had medical issues that the pediatric car-

diologist was uncomfortable treating (e.g., pregnancy) or the patient’s

pediatric cardiologist was retiring. To transition patients, the pediatric

cardiologist contacted a provider in the TCH ACHD Clinic by

telephone, email, or phone. The TCH Pediatric CHD and ACHD Clinics

are in the same building, and they use the same electronic medical

record (EMR). The pediatric cardiologist could initiate follow-up on the

patient’s status at transfer, however there was no formal feedback

process.

2.2 | Transition planning program

A HCT planning program that emphasized preparing youth for transi-

tion to adult-based care was implemented by the TCH Cardiology

Service and included: an EMR-based transition planning tool (TPT),

developed by one of the authors that was introduced into the TCH

Pediatric CHD Clinic in December 2011 to provide a method for HCT

planning for patients transitioning to adult-based care. Two research

nurses were assigned to use the TPT with all eligible patients. In addi-

tion to completion of EMR documentation of TPT administration, the

nurses assisted the patients in navigating their transition by providing

cardiologist-approved verbal education and written materials about

diagnoses and medications; empowering them to speak up if they

wanted time without the parent present while talking to their

physician, or if they had medical questions; reviewing how to order

medication refills from a pharmacy; demonstrating how to enter the in

case of emergency (ICE) phone number to their cell phone; providing

phone numbers and appointment scheduling instructions for the

ACHD Clinic and their other current providers; facilitating a referral

from the pediatric cardiology to ACHD clinic with approval from each

respective cardiologist; showing them how to look up in-network

physicians and contact information on their insurance payer website;

and explaining the information contained on their insurance card such

as their member identification number and the phone number to call

for questions or to speak to a nurse case manager.

Finally, during the study period, two additional medicine-pediatric

CHD physicians and one nurse practitioner were added to the TCH

ACHD Clinic.

2.3 | Study design

A quasi-experimental design was used, with one group of patients fol-

lowed prospectively as they transitioned to adult care (Intervention

patients) following the implementation of the HCT planning program
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and the other group of patients identified through the review of medi-

cal records as having transitioned out of TCH Pediatric CHD Clinic into

adult care before the introduction of the transition planning program

(Control patients). Both sets of patients returned to TCH for their

ACHD care. Patients who transitioned to other adult providers were

not included in the study. The study was approved by the Baylor

College of Medicine Institutional Review Board.

2.4 | Study subjects

Patients in both groups had moderate to severe CHD (see Table 1 for

eligible diagnoses), were English speaking and cognitively normal.

Intervention patients (n525) were 16–25 years of age with a planned

transition from the Pediatric CHD Clinic to the TCH ACHD Clinic

within 18 months of the start of the intervention (February 2012). To

date, 15 patients in the Intervention group have transitioned to the

TCH ACHD Clinic. Control patients (n530) were 18 years of age or

older with moderate to severe CHD who had transferred out of

the Pediatric CHD Clinic to the TCH ACHD Clinic between 2002

and 2011.

2.5 | Measures

Intervention and Control group patient medical records were reviewed

for patient age and dates of last pediatric and first adult clinic appoint-

ments and recommended length of time to follow-up in the adult clinic.

Functional classification of heart failure status was determined by using

the New York Heart Association Functional Classification of Heart

Failure.9 Functional classes were evaluated by one of the authors, a

pediatric cardiologist, by reviewing their last TCH Pediatric Cardiology

clinic visit and first TCH Adult CHD Clinic visit notes with a possible

range of I (least severe) to IV (most severe).

2.6 | Data analysis

Intervention and Control Group patients were compared on demo-

graphic and clinical characteristics and outcomes using Chi-square,

Students’ t or Mann-Whitney U tests, depending on the level of mea-

surement and the extent to which parametric assumptions were met.

Since all seven patients whose functional status deteriorated between

their last pediatric and adult clinic visit were in the Control group, it

was not possible to conduct a logistic regression analysis to examine

the independent relationship between group status and functional sta-

tus change. Multiple linear regression was therefore used to evaluate

the association between membership in the Intervention or Control

groups and number of months between the last pediatric and first adult

clinic visits, a measure reflecting gap in medical care, while controlling

for other variables.

3 | RESULTS

At their last pediatric visit, Intervention patients were on average

almost two years younger than Control patients (P5 .001; Table 2) and

more likely to be classified as functional status II (P5 .002). By their

first adult cardiology appointment, Intervention patients were nearly

three years younger than Control patients (P< .001; Table 3).

On average, Control patients waited 26619.2 months following

their last pediatric clinic visit to visit the adult clinic (Fig. 1). In contrast,

Intervention patients attended their first adult appointment 1368.3

months after their last pediatric appointment (P5 .019). Control

patients were significantly more likely than Intervention patients to

experience a lapse in care of greater than two (15/30, 50% vs 2/15,

TABLE 1 Eligible diagnoses for study inclusion

Common ventricle

Conduits, valved or nonvalved

Crisscross heart

Cyanotic congenital heart

Double-inlet ventricle

Double-outlet ventricle

Eisenmenger syndrome

Fontan procedure or s/p Fontan

Heart transplant or s/p heart transplant

Heterotaxy syndrome

Hypoplastic left heart

Isomerism

Mitral atresia

Primitive ventricle

Pulmonary atresia

Pulmonary vascular obstructive disease (PVOD)

RV to PA conduit

Single ventricle

Transposition of the great arteries

Tricuspid atresia

Truncus arteriosus/hemitruncus

Univentricular heart transposition of great vessels

Ventricular inversion

TABLE 2 Group characteristics at last pediatric visit

Control
patients
(n5 30) N (%)

Intervention
patients
(n515) N (%) P value

Gender, % male 14 (47%) 8 (53%) NS

Age, mean6 S.D. 20.361.6 18.561.2 .001

NYHAFS .002

I 24 (80%) 5 (33%)
II 6 (20%) 10 (67%)

Abbreviation: NYHAFS, New York Heart Association Functional Classifi-
cation of Heart Failure.
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13%, P5 .017) and three (10/30, 30% vs 0/15, 0%, P5 .011) years,

respectively. Although the recommended length of time to see an adult

provider after leaving pediatric care did not differ statistically between

groups (10.76 6.05 vs 8.765.09 months for Control and Intervention

patients, respectively, P5 .284), the difference between the recom-

mended number of months for the follow-up appointment and the

actual first adult appointment (15.1617.3 and 4.466.1 months delay,

respectively) was significant (P5 .025) with Control patients experienc-

ing a gap over three times the size of Intervention patients.

There was a deterioration in NYHAFS between the last TCH

Pediatric CHD Clinic visit and the first TCH ACHD clinic visit for seven

(23%) of the Control patients, while none of the Intervention patients

deteriorated across that transition (P5 .042; Table 3). Four of the

seven Control patients whose NYHAFS status declined had a lapse of

care between the last pediatric and first TCH ACHD clinic of more

than two years.

As none of the Intervention patients experienced a deterioration in

their NYHAFS between the last TCH Pediatric CHD Clinic visit and the

first TCH ACHD clinic visits, it was not possible to conduct a logistic

regression predicting this outcome. Multiple linear regression was

therefore conducted to examine the independent association between

group status (Intervention versus Control) and months between last

pediatric and first adult visit. After controlling for age and NYHAFS at

last pediatric visit and number of months recommended by their pedi-

atric cardiologist to follow up with the adult cardiologist, Intervention

patients demonstrated a significantly shorter duration between health

care visits than Control patients (P5 .005; Table 4).

4 | DISCUSSION

This is the first published study of which the authors are aware to

report a temporal association between functional classification of CHF

stability in a group of patients with moderate to severe CHD who were

transitioned from pediatric to adult-based CHD care following the

introduction of a HCT planning program, compared to a historic control

group that received no formal HCT planning prior to transition. As

reported in a prior publication, the HCT planning program used in this

study increased provider awareness of the need for a deliberate HCT

planning process,10 and with increased emphasis on transition, the

capacity in the ACHD Clinic was increased. It is likely that enhanced

awareness of the need for transition planning, coupled with additional

adult capacity, helped reduce the number of months between the last

pediatric and first adult CHD Clinic visits. This is important, as lapses of

care after leaving pediatric CHD clinics in transition to ACHD clinics

have been associated with increased morbidity.6 In addition, the nurses

who implemented the transition planning tool designed to improve

transition preparedness also helped the patients navigate the transition

to the ACHD Clinic. The use of transition navigators decreased the

dropout rate for young adults with diabetes after transition from

pediatric to adult care compared to a group of young adult diabetes

patients who did not have access to the navigator.11

The average lapse in care observed in the historical Control group

of 26 months (50% were>24 months) in this study is consistent with

Yeung’s6 study, wherein 63% of patients previously followed by a

pediatric cardiologist experienced a lapse in care of greater than two

years. In the Yeung study, patients with lapse in care had 3.1x the risk

of urgent intervention at the time of their first ACHD clinic visit. In a

systematic review of outcomes after transition from pediatric to adult

care for young adult CHD patients, lapses in care for>2 years ranged

from 7% to 63%. Similarly, in another study a lapse in care of more

than three years was identified in 42% of patients (as compared with

30% for the Control patients in our study) with 8% having gaps more

than 10 years.12 Although we did not determine reasons for lapse in

care in our study, Gurvits identified several common reasons, including

the patient was feeling well which would apply to the Control group of

which 80% had NYHAFS Grade I at the last Pediatric CHD Clinic visit

and may have felt well compared to the Intervention group patients of

which 67% had NYHAFS Grade II at the last Pediatric CHD Clinic visit

In addition patients with CHD have reported being unaware of the

follow-up required, or they had complete absence from all medical

care.12 As further evidence of being unaware of the natural history of

their illness, AYACHD with moderate to severe disease have been

reported to expect to live as long as their non-CHD peers, yet lack

knowledge of the risks associated with their specific CHD.13 These

explanations may apply to the patients in this study but we did not

TABLE 3 Outcomes at first adult visit

Control
patients
(n5 30) N (%)

Intervention
patients
(n5 15) N (%) P value

Age, mean6 S.D. 22.461.6 19.661.5 < .001

NYHAFS NS

I 19 (63%) 7 (47%)
II 10 (33%) 8 (53%)
III 1 (3%) 0

Change in NYHAFS .042

Same/improved 23 (77%) 15 (100%)
Deteriorated 7 (23%) 0

Abbreviation: NYHAFS, New York Heart Association Functional Classifi-
cation of Heart Failure.

FIGURE 1 Comparisons in follow-up between Control patients
and Intervention patients
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assess for the patient awareness of the severity of their disease or their

perceived need to follow-up.

Of the pediatric CHD programs that transferred patients to an

adult program, one-third had a formal transition program.14 Only 7%

used a formal transition tool such as a survey, checklist or question-

naire.7 In contrast, we had a dedicated formal transition process that

used a tool. Pediatric cardiologists have indicated that adult comorbid-

ities, pregnancy, age and parental or patient requests were common

reasons for transfer.7,15 Safe care was an issue on the pediatric and

adult sides of HCT: some expressed concern about adults being seen

on the pediatric side and others expressed concern for lack of expertise

in CHD in the adult facilities. In our study, two medicine-pediatric

trained CHD physicians and one nurse practitioner were added to the

TCH ACHD clinic, eliminating the concern about access to adult

providers with expertise in CHD.

5 | LIMITATIONS

The patients described here are those who transitioned to the TCH

ACHD Clinic; AYACHD patients who left the TCH Pediatric Cardiology

Clinic and transitioned to other Adult CHD or adult cardiology clinics

were not included. In addition, the Control and Intervention groups

may have differed on important variables not measured in this study.

6 | CONCLUSIONS

There is a need for improved HCT planning for patients with moderate

to severe CHD and this may result in a reduced lapse of care, and

potentially, adverse outcomes. Developing a transition planning

program emphasizes the importance of earlier transition planning and

shorter duration of follow-up in the ACHD clinic. Without a transition

planning structure, follow-up is left up to the patients and their families

with little guidance, resulting in delays in engaging in adult care and

subsequent increased morbidity.
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