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The overall aim of the work described in this thesis was to explore the integration 
of cardiac and geriatric care for older patients with heart disease. First, by 
examining how hospitalized older cardiac patients at high risk for adverse 
events can be identified. Second, by investigating lifestyle-related secondary 
prevention of cardiovascular complications in older cardiac patients. And third, 
by the development and evaluation of a transitional care intervention for older 
cardiac patients. This chapter will reflect on the main findings and provides 
recommendations for research, clinical practice, and education. 

Main findings

The identification of high-risk patients remains challenging. In Chapter 2, we 
found that the incidence of readmission and mortality in patients ≥ 70 years 
is the highest in the first week post-discharge. The risk factors presence of 
comorbidities, an admission in the previous six months, living alone, and non-
native Dutch origin increased the risk of readmission and mortality, and we 
found that these risks varied across different time points. We concluded that 
preventive interventions need to start as soon as possible to prevent early 
readmission and mortality. 

Chapter 3 provides an overview of clinical risk prediction models than can 
help to identify hospitalized cardiac patients at high risk of readmission. We 
found that current models do not perform well, have low consistency in the 
measurement of predictors, cannot be replicated and carry a high risk of bias. 
Although many clinical models have been developed, no model can currently be 
recommended for clinical practice. Model updating and external validation of 
existing models is therefore urgently needed.

In Chapter 4 we examined the performance of the Dutch Safety Management 
System (DSMS) screening tool, alone and in combination with other predictors, 
to estimate all-cause unplanned hospital readmission and mortality in older 
hospitalized cardiac patients. We found that this tool had limited capacity to 
accurately estimate the risk of readmission and mortality in this population. 
Involving other clinical information, including both geriatric and disease-
specific risk factors, resulted in a moderately performing prediction model. 
Further research on adequate identification of older high-risk cardiac patients 
is warranted.

We also examined lifestyle-related secondary prevention of cardiovascular 
complications in older cardiac patients. In Chapter 5, we analyzed the treatment 
effect of the RESPONSE-2 trial on lifestyle-related risk factors in older (≥ 65 years) 
versus younger (< 65 years) patients. This chapter demonstrates that despite 
more adverse cardiovascular risk profiles and comorbidities, nurse-coordinated 
referral to a community-based lifestyle intervention was at least as successful in 
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improving lifestyle-related risk factors in older as in younger patients. Older age 
alone should not be a reason to withhold lifestyle interventions in patients with 
coronary artery disease. 

In Chapter 6, we examined older cardiac patients’ perspectives regarding 
lifestyle modification after a hospital admission using the Attitudes, Social 
influence and self-Efficacy model. In most older patients, their attitude was 
formed by general health and habits. Experiencing a health threat (e.g. presence 
of severe symptoms) was observed as a motivator for lifestyle modification. 
However, patients balanced health benefits and quality of life when considering 
lifestyle modifications. Regarding social influence, it was observed that patients 
felt both encouraged and hindered by family members and that older patients 
valued the opinion of healthcare professionals. Within the determinant self-
efficacy, it was found that older cardiac patients had difficulties to integrate 
lifestyle advices in their daily life and that some patients were limited by 
functional impairments. We concluded that short-term and patient-centered 
outcomes, such as functional independence, are important for older patients 
and may be a useful starting point when healthcare professionals discuss 
lifestyle modification. Furthermore, the involvement of family members may 
help patients to integrate lifestyle-related secondary prevention in daily life.

Third, we developed (Chapter 7) and evaluated (Chapter 8 and Chapter 
9) the effect of the Cardiac Care Bridge program (CCB program): a nurse-
coordinated, interdisciplinary transitional care intervention for older cardiac 
patients combining case management, disease management and home-
based cardiac rehabilitation. Chapter 8 reports that no beneficial effect on 
the composite primary outcome of readmission and mortality was found. We 
hypothesized that the selected patient population may not be responsive to high-
intensity preventive strategies. In future research, one should carefully consider 
the population eligible for this type of interventions and those who are in the 
advanced stage of disease and move towards end-of-life interventions. 

In Chapter 9, we examined the experiences of participating patients in 
the CCB program. They appreciated the home visits and care continuity post-
discharge, but some questioned the contribution of the CCB program to their 
recovery. Furthermore, the CCB program was experienced as too intensive by 
some patients and as an extra burden on top of an already busy schedule of 
care-related appointments. We concluded that the intervention intensity and 
content of this nurse-coordinated transitional care intervention should be more 
individualized in the future by tailoring interventions to older cardiac patients’ 
needs, considering their frailty, self-management skills and existing (in)formal 
caregiver network.
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Implications 

The results of this thesis have several implications for research, clinical practice, 
and education.

Implications for research
The use of clinical prediction models to identify high-risk older cardiac patients 
could be helpful to target interventions to the appropriate group. However, we 
found that most studies were of low quality and that the current models are 
not applicable in clinical practice (Chapter 3). More high-quality studies are 
needed to evaluate the discrimination, calibration and clinical usefulness, and 
to be able to identify high-risk patients in a phase when preventive interventions 
may be effective. Furthermore, only eight of the sixty included studies1-6 in our 
systematic review included geriatric risk factors such as physical performance 
and dementia, which are known to increase the risk for adverse events. It is 
therefore unlikely that most of the current models will hold their value in daily 
clinical practice where there is a high prevalence of older patients. This might 
be explained by the relatively low mean age in the underlying studies as most 
studies included patients ≤ 70 years which lowers the risk for the presence of 
geriatric syndromes.

Our results on the DSMS-tool (Chapter 4) showed that this tool alone had 
limited capacity (0.61, 95% 0.56-0.66) to estimate the risk of all-cause unplanned 
readmission and mortality in older cardiac patients. Previously, Heim et al.7 
studied the performance of the DSMS-tool among hospitalized patients ≥ 70 
years with a variety of non-cardiac diagnoses on functional loss, high healthcare 
demand and mortality within three months. They found a sensitivity of 0.61 and a 
specificity of 0.75 (c-statistics 0.68). Furthermore, Hermans et al.8 found an odds 
ratio of 9.6 (95%CI 1.6-56.9) for a DSMS-score (≥ 1) to predict 30-day mortality. 
Until now, only few studies have studied the performance of the DSMS-tool. 
These studies vary in study population, time window, methods, and outcomes 
and are therefore difficult to compare. As a result, more research is needed to 
study the performance of the DSMS-tool, especially since in the Netherlands its 
use is compulsory in all patients ≥70 years who are hospitalized.9 

The evidence on secondary prevention of cardiovascular complications is less 
conclusive in older as compared to younger patients.10,11 Older cardiac patients 
are underrepresented in clinical trials which results in poor generalizability 
of effective interventions in this population.12 Furthermore, single disease-
oriented guidelines inadequately take patients with multimorbidity and geriatric 
conditions into account.13 The ageing cardiac population will grow significantly 
in the coming decades,14 and therefore more research is needed on optimal 
treatment strategies for these patients. 
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The CCB program (Chapter 8) was a high-intensity preventive intervention and 
was not effective in reducing readmission and mortality rates in severely frail 
older cardiac patients. This suggest that these patients may have been beyond 
the reach of preventive interventions. It is currently unknown what patients may 
benefit from high-intensity preventive interventions such as the CCB program 
and in what patients advance care planning interventions with more focus on 
comfort and quality of life may be more effective. More research is needed on 
how to distinguish these types of high-risk older cardiac patients to be able to 
better target interventions to their needs. Furthermore, some other outcomes 
within the CCB program are currently analyzed such as medication adherence, 
activities of daily living and quality of life. These secondary outcomes may 
provide additional insights on the effectiveness of this intervention.

Implications for clinical practice
We found that the DSMS-tool alone had limited capacity to detect older 
cardiac patients at risk of all-cause unplanned readmission or mortality within 
six months after hospitalization (Chapter 4). Several models were developed, 
and we found that the performance of the model was at best moderate when 
both geriatric and disease-specific risk factors (admission diagnosis and the 
Charlson comorbidity index) were assessed (c-statistic of 0.69, 95% 0.63-0.73). 
The SILVER-AMI study included patients ≥ 75 years and developed risk prediction 
models for 30 and 180-day readmission.2,15 In accordance with our results, they 
found a combination of geriatric as well as disease-specific risk factors that best 
estimated the risk of readmission (c-statistic validation cohort=0.65). To detect 
older cardiac patients at risk, both geriatric and disease-specific risk factors 
should therefore be identified to be able to start early preventive interventions in 
those in need. As the performance of prediction models remain only modest, it 
possibly should be accepted that accurate risk stratification between patient at 
risk and patients at very high risk might not be possible.

It is important that healthcare professionals consider secondary prevention 
of cardiovascular complications in older cardiac patients. We found that easily 
accessible community-based lifestyle interventions were also effective in this 
population (Chapter 5). Remarkably, a considerable percentage of older patients 
in the control group (61%) showed no improvement in lifestyle-related risk 
factors, demonstrating that risk modification in older patients is suboptimal in 
current secondary preventive care. This may be partly due to the less conclusive 
evidence in this population.10,11 In addition, our qualitative analyses demonstrated 
patients’ perspectives that influenced their motivation for lifestyle modification. 
For example, patients sometimes had difficulties to adapt lifestyle modifications 
in their daily life or where hindered by physical limitations (e.g. in physical activity). 
After a hospital admission, older patients need more help to integrate advices 
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in their daily life, for example by guidance in their own environment and by the 
involvement of relatives and friends. Furthermore, we found that older patients 
sometimes questioned whether lifestyle modification at their age would yield 
any health benefit. The time-to-benefit of some lifestyle changes may indeed 
exceed the life expectancy in older patients.16 Healthcare professionals therefore 
need to explore older patients’ preferences and consider if lifestyle modifications 
would yield any advantages at their age (Chapter 6). This may lead to the shared 
decision that no new lifestyle changes are to be implemented. However, some 
lifestyle-related interventions are associated with increased quality of life and 
functional independence11,17,18 and older cardiac patients’ need to be given the 
opportunity to consider these interventions. 

In part 3 of this thesis, we developed and evaluated the nurse-coordinated 
CCB transitional care program for older cardiac patients (Chapter 7-9). This 
intervention was unable to reduce the risk of readmission and mortality for 
this frail older population (Chapter 8) and we therefore do not recommend 
implementation in its current design. Furthermore, the fidelity of some 
intervention components was low.19 This may have influenced our outcomes 
and some recommendations could be made, independent of the neutral study 
findings on readmission and mortality.

In the CCB program (Chapter 7 and 8), we aimed to integrate cardiac and 
geriatric care during and after hospitalization which partly succeeded. For 
example, all patients received a comprehensive geriatric assessment during the 
clinical phase. However, this was an extensive additional anamnesis on top of 
the usual anamnesis which sometimes was a burden for very ill and fatigued 
patients. Further integration of components of the comprehensive geriatric 
assessment in the usual anamnesis may contribute to less burden for patients, 
the timely recognition of geriatric conditions and the early deployment of 
interventions. 

The geriatric consultation within the CCB program was performed in only 17% 
of patients with an indication. However, we found a high prevalence of geriatric 
conditions such as (risk of) delirium (56%), falling (47%), physical disabilities 
(39%), malnutrition (33%) and cognitive impairment (31%). Our process 
evaluation showed that a short hospital stay was one of the main reasons 
for the lack of geriatric consultation.19 Geriatric conditions were therefore not 
adequately addressed during hospitalization which deprived the opportunity to 
prevent further deterioration and adverse event. As we found that the incidence 
of readmission and mortality in cardiac patients ≥ 70 years was the highest in 
the first week post-discharge (Chapter 2), we hypothesize that prevention of 
adverse events may already be needed during hospitalization. The Transitional 
Care Bridge study,20 on which the CCB program was inspired, found a positive 
result on mortality within six months post-discharge. A possible explanation may 
be that the clinical component of the intervention was performed by the geriatric 
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hospital team. Previous research also showed that this was associated with 
reduced mortality in the first six months post-discharge.21 This indicates that 
more intensive collaboration with the geriatric team is needed in hospitalized 
older cardiac patients. In addition, to better integrate disease-specific and 
geriatric care, also geriatric co-management interventions may be more 
suitable during hospitalization. Within geriatric co-management interventions, 
the responsibility for the treatment is shared between the medical specialty of 
patients’ diagnosis and the geriatric team.22 Both teams collaborate intensively 
in the prevention and treatment of geriatric care. Previous research in geriatric 
patients found that multidisciplinary geriatric co-management is associated with 
recovery in activities of daily living and mobility, and a reduction of complications 
and length of stay.23 A shared interdisciplinary collaboration in the treatment of 
older cardiac patients during hospitalization may contribute to the integration of 
cardiac and geriatric care and may prevent complications post-discharge. 

The transitional phase in which patients moved from hospital to home is 
experienced as a period in which patients are at high risk of readmission and 
mortality. In the CCB program,24 we aimed to improve this transition by a personal 
handover of the treatment and integrated care plan from the cardiac hospital 
nurse to the community care nurse. This component was only performed in 35% 
of the cases. The process evaluation of the CCB program suggested that a short 
hospital stay and ad hoc discharge planning reduced the opportunity for the in-
hospital handover of the integrated care plan to the community care nurse.19 
Previous research showed the importance of a clear transfer of information in 
the transition of care.25,26 Therefore, more feasible options may be considered 
such as digital resources (e.g. tablet) to perform a handover. This may contribute 
to the continuity of care from hospital to home while it is less time-consuming.

In the post-clinical phase, the home visits in the CCB program by the community 
care nurse and physical therapist were appreciated by patients. However, due 
to their frailty and comorbidities, most patients already had a large (in)formal 
caregiver network. These patients experienced the CCB program as intensive 
and additional to their already busy schedule of care-related appointments. 
However, it is known that care coordination across care transitions is important 
to ensure safe and efficient transitions in care and to reduce the risk of adverse 
outcomes.27,28 Therefore, transitional care interventions may be more integrated 
in patients’ already existing network, for example by a nurse practitioner working 
at the general practice. This may increase the continuity of care and reduces the 
intensity of care for the patient.
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Implications for education
Care during hospitalization is mainly delivered from a disease management 
approach, focusing on a disease-specific treatment. As a result, geriatric 
conditions remain often unrecognized, although they increase the therapy 
complexity and the risk for adverse events.27,29 More attention for geriatrics in 
the curricula of medical, paramedic and nursing students is needed to be able to 
recognize and treat geriatric conditions in time. In addition, traditional curricula 
commonly address single complaints and diseases. Although this is a logical 
initial approach, it should probably be expanded by education on multimorbidity 
and complex cases. In addition, interprofessional education is needed to prepare 
students for interdisciplinary collaboration. This may contribute to adequate 
treatments of frail and multimorbid cardiac patients.

In primary care, care is mostly provided from a case management 
approach, focusing on treatments with a broad view of patients’ needs.28 After 
hospitalization, more disease-specific guidance e.g. symptom monitoring, 
medication reconciliation and specific guidance in medication and lifestyle 
adherence is required to reduce disease-specific adverse events post-
discharge.30,31 We therefore recommend to educate healthcare professionals in 
primary care (e.g. community nurse and physical therapist) in disease-specific 
knowledge such as the early signs of deterioration in heart failure.32 

In the CCB program, we educated all participating healthcare professionals in 
disease management, case management and home-based cardiac rehabilitation 
at the start of the study. For future trials, we suggest to create a continuous 
learning environment33 in which professionals are educated and instructed on an 
ongoing base. From an educational perspective, the transfer of knowledge does 
not automatically lead to the required competence to perform the tasks as outlined 
in the study protocol.34 We observed that some early signals of deterioration 
were not recognized in time which was associated with readmissions that might 
have been avoidable.35 Therefore, interprofessional training on a regular basis 
may be needed in which healthcare professionals could bring their own case 
reports and discuss with specialists what interventions may be applied and what 
could be done differently in the future.

Conclusion

This thesis explored the integration of cardiac and geriatric care for older 
cardiac patients and shows that this should be a priority in the coming years. 
Based on this thesis, recommendations can be made. First, most current risk 
prediction models are unable to adequately identify older cardiac patients at 
risk for adverse events. Further research is needed to investigate if prediction 
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models combining disease-specific and geriatric risk factors could improve risk 
assessment in this high-risk population. As long as accurate models are absent, 
a distinction between high risk and very high risk cannot be made in older cardiac 
patients and is therefore not recommended for clinical purposes. Second, age 
alone should not be a reason to withhold lifestyle-related secondary prevention 
in older cardiac patients. Their treatment preferences and important outcomes, 
such as quality of life and functional independence, need to be considered when 
discussing lifestyle modification. Third, the high-intensity Cardiac Care Bridge 
program in older cardiac patients did not reduce their risk of readmission and 
mortality. Other, effective interventions for this population could be developed. 
Alternatively, our research might show that frail older cardiac patients need 
more palliative interventions focusing on comfort and quality of life and should 
no longer be exposed to high-intensity preventive interventions. More research 
is needed on how to distinguish patients who may benefit from high-intensity 
preventive interventions from those who may benefit more from palliative 
interventions.
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