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Abstract 
Background: Older adults experiencing acute hospitalization and subsequent transition 
from hospital to home commonly face disability, mortality or readmission. Trials on 
comprehensive geriatric assessment (CGA) and transitional care models have shown mixed 
results in preventing these negative outcomes. 
Methods: The Transitional Care Bridge was a double-blinded, multicenter, randomized 
controlled trial comparing systematic CGA combined with transitional care after hospital 
discharge with systematic CGA only in 674 patients ≥65 years old acutely admitted to a 
medical ward. The primary outcomes were a change in activities of daily living (ADLs) at six 
months compared with two weeks before admission and mortality. Time to readmission, 
time to discharge home from the nursing home and cognitive functioning were secondary 
outcomes. 
Results: We randomized 337 patients each to the intervention and control arms. The mean 
age was 80 years, 42% were males, and 40% were cognitively impaired. Intention-to-treat 
analysis found no differences in ADL functioning between the two arms (mean difference, 
0.12; 95% confidence interval (CI) -0.16-0.41, p=0.67). We observed protective effects of 
the intervention on the time to death within 30 days and six months after admission 
(hazard ratio (HR) 0.63, 95% CI 0.39-0.99, p=0.047; HR 0.75, 95% CI 0.56-0.99, p=0.045, 
respectively). By twelve months, the durability of the intervention was protective but 
marginally significant (HR 0.78, 95% CI 0.61-1.00, p=0.052). We observed no effect of the 
intervention on secondary outcomes. 
Conclusion: A systematic CGA combined with transitional care for older adults showed 
beneficial survival effects but no effect on ADL functioning. 
 
 
 



The Transitional Care Bridge RCT 

85 

Background 
Within six months of acute hospitalization, 30-50% of older patients experience a loss of 
essential activities of daily living (ADLs) 1-3, 20-30% are readmitted 4, and 20-30% die 1,5. 
Two clinical care models specifically target older persons at risk for these negative 
outcomes during hospitalization and in the transition from hospital to home; the 
comprehensive geriatric assessment (CGA) team approach 6 and transitional care 7. In the 
CGA team approach, a multidisciplinary team visits older patients during their hospital 
stay, performs a CGA focused on illnesses and geriatric conditions, initiates interventions 
and monitors each patient until hospital discharge. The effectiveness of this approach has 
been studied extensively, with one meta-analysis demonstrating a positive effect on 
cognitive functioning 6, and another finding a reduction in mortality until eight months 
post-discharge 8. 
Transitional care aims to ensure safe transitions between care settings 7. In the transition 
from hospital to home, many patients experience adverse drug events 9, inadequate 
follow-up 10, and have difficulties with the execution of discharge instructions 11. 
Transitional care is a time-limited service; after a number of visits to both the hospital and 
home, this care is discontinued, and the patient is handed over to primary care. 
Transitional care has shown beneficial effects on readmission rates 12,13. Nurse care 
coordination, a home visit within two days after hospital discharge, and communication 
between the hospital and primary care providers, are intervention components associated 
with a reduction in readmission 12. However, the effects of transitional care on ADLs and 
mortality are inconsistent. 
In this randomized controlled trial, we tested whether a combined intervention of 
systematic CGA provided by a geriatric consultation team followed by transitional care 
improved ADLs and decreased mortality by six months after discharge in older persons 
acutely admitted to a medical ward, compared to older persons who only received 
systematic CGA during hospitalization. 
 
Methods 
 
Design and setting 
Three hospitals and affiliated home care organizations in the Netherlands participated in 
the Transitional Care Bridge program, a multicenter, double-blinded (via the postponed 
informed consent procedure) 14, randomized controlled trial conducted between 
September 1, 2010 and March 1, 2014. The participating hospitals included the following: 
the Academic Medical Center in Amsterdam (AMC), a 1024-bed university teaching 
hospital, the Onze Lieve Vrouwe Gasthuis in Amsterdam (OLVG), a 555-bed teaching 
hospital, and the Flevo Hospital in Almere (FH), a 386-bed regional teaching hospital. All of 
these hospitals had a geriatric consultation team. Community-care registered nurses 
(CCRNs) from Cordaan Home Care, Buurtzorg Nederland and Zorggroep Almere provided 
the Transitional Care Bridge program to patients who were randomized to the intervention 
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group. The trial protocol has been previously described 15. Supplementary file 1 describes 
the healthcare system in the Netherlands. 
 
Ethics 
The institutional review board of the AMC approved this study (protocol ID MEC10/082), 
and the institutional review boards of the OLVG and FH provided local approval. 
 
Participants 
Consecutive patients who were ≥65 years of age, were acutely admitted for ≥ 48 hours to 
the Department of Internal Medicine, and were at risk for functional decline were eligible 
for inclusion in this study. The risk of functional decline was assessed using the 
Identification of Seniors At Risk-Hospitalized Patient (ISAR-HP) 16, and those with a score of 
≥ two points were considered to be at increased risk for functional decline (Supplementary 
File 2). Additional inclusion criteria included the following: 1) a life expectancy of more 
than three months; 2) not transferred to another ward within 48 hours after hospital 
admission; 3) not admitted from another department or another hospital; 4) able to speak 
and understand Dutch, and 5) not admitted from a nursing home. 
 
Recruitment of patients and informed consent 
Experienced trained researchers met with all consecutive patients within 48 hours of 
admission. Eligible patients were invited to participate in the trial and provided written 
informed consent using a postponed informed consent procedure 14. 
For those patients with severe cognitive impairment due to dementia or delirium (Mini-
Mental State Examination (MMSE) <16 points) or severe acute illness (e.g., shock), their 
healthcare proxy provided written informed consent. 
 
Baseline data collection 
The baseline assessment included demographics, the ISAR-HP, ADLs (6-item original Katz-
ADL index 17), cognitive functioning (MMSE 18), geriatric conditions (polypharmacy, 
incontinence, malnutrition 19, delirium 20, and fall risk), all admission diagnoses and 
comorbidity measured at discharge (Charlson co-morbidity index 21). A complete overview 
of the instruments used is described elsewhere 15. 
 
Randomization 
Consented participants were randomly assigned to the intervention arm (systematic CGA 
and the Transitional Care Bridge program) or the control arm (systematic CGA alone). The 
randomization list was created using the TENALEA Clinical Trial Data Management System 
with a maximum permuted block size of 20 and stratification by study site (AMC, OLVG or 
FH) and the MMSE score (≥24 versus <24 points). To ensure allocation concealment, the 
research nurse used a secure randomization website to receive the treatment allocation 
when submitting patient information. 
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Treatment 
Components of the systematic CGA and Transitional Care Bridge program are described in 
Table 1. The CCRNs who conducted the interventions received additional training 
(Supplementary File 3), and intervention protocols were followed for each of the geriatric 
conditions (Supplementary File 4). 
 
 
Table 1: Components of the comprehensive geriatric assessment control arm and Transitional Care Bridge 
intervention arm 
Time frame Intervention component Professional involved Control 

arm 
Intervention 
arm 

≤ 48 hours 
after hospital 
admission 

Comprehensive geriatric assessment (CGA) Geriatric trained Registered 
Nurse (RN) with geriatrician 

X X 

 Care- and treatment plan with 
prioritization by patient and geriatric team 

Geriatric consultation team  X X 

During hospital 
stay 

Multidisciplinary care provided by geriatric 
team  

RN and geriatrician, if 
needed physical therapist, 
dietician & team on the ward 

X X 

Before hospital 
discharge 

In-person handover of CGA and care-and 
treatment plan by geriatric team to 
community-based RN 

Geriatric consultation team, 
team on the ward, 
community-care RN  

 X 

Before hospital 
discharge 

Visit of community-care RN to patient Community-care RN  X 

≤ 2 days after 
hospital 
discharge 

Home visit with medication reconciliation; 
care at home start-up; check for activities 
of daily living and availability of adequate 
help; target geriatric conditions; contact 
with General Practitioner (GP) 

Community-care RN  X 

2 weeks Home visit; evaluation of hospital-based 
care and treatment plan; goal setting by 
patient; work on (new) geriatric conditions 

Community-care RN  X 

6 weeks Home visit; focus on the proxy and 
caregiver burden; further actions on 
geriatric conditions 

Community-care RN  X 

12 weeks Home visit; focus on care needs and (new) 
geriatric conditions 

Community-care RN  X 

24 weeks Home visit; focus on care needs, evaluation 
of geriatric conditions and handover to GP 

Community-care RN  X 

 
 
Outcomes 
A change in ADLs (at six and twelve months) and mortality (30 days, 6 months and 12 
months) were the primary endpoints. A change in ADLs was defined as a change in the 
number of ADL impairments at six months or twelve months compared to that at two 
weeks before admission, as measured by the original Katz-ADL index score 17. The patients 
were asked whether they needed help to perform the ADL activities at two weeks before 
admission and at the times of the follow-up assessments. ADL scores range from 0-6, with 
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higher scores indicating more dependence. Dates of death were verified using electronic 
medical records or the municipal registry. Secondary outcomes included a change in 
cognitive functioning at six months as measured with the MMSE, the time to the first 
unplanned hospital readmission (within 30 days and six and twelve months), and among 
those discharged to a nursing home, the time to discharge from the nursing home to 
home. 
 
Data collection and blinding 
The geriatric consultation team performed the screening and baseline data collection. 
Research assistants blinded to the treatment allocation conducted all outcome 
assessments, including a home visit at six months and a telephone interview at twelve 
months. 
 
Adherence to the intervention protocol 
The CCRNs registered each visit for the patients in the intervention arm, including the time 
spent with the patient, the administrative time and the predefined actions that were 
undertaken during the visit. Based on these logs and predefined quality indicators (see 
Supplementary File 5), we calculated the adherence to the intervention protocol. 
 
Sample size calculation 
The trial was powered for the primary endpoint of the difference in the ADL score between 
the control and intervention arm at six months compared with that at two weeks before 
hospital admission, assuming an effect size of 0.25 to represent a clinically important 
change in the original Katz-ADL index score. To achieve 80% power with a two-side type I 
error of 5%, 256 patients were needed for each treatment arm. The expected attrition due 
to mortality was 25%; thus, a total of 674 patients were required. 
 
Statistical analysis 
All primary analyses were performed on an intention-to-treat basis. The primary outcome 
of the change in ADL functioning from baseline was analyzed with a longitudinal linear 
regression model. Treatment effects were adjusted for the study site (AMC, OLVG or FH), 
the MMSE score (<24 points or ≥24 points) and the baseline ADL function. The ADL 
outcomes measured at six and twelve months accounted for repeated measurements for 
the subjects, which were computed using a compound symmetry covariance structure. 
Sensitivity analyses were performed to assess the number of ADL impairments, for which 
decedents were assigned a disability score of one unit greater than that indicating full 
disability, and scores were modeled with a generalized estimating equation with negative 
binominal error distribution. 
Mortality from the time of hospital admission was analyzed by Cox regression analysis with 
adjustments for the study site and MMSE score, with separate models for 30 days, 6 
months and 12 months. These analyses were repeated for pre-defined subgroups based on 
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ISAR risk assessments (scores of 2-3 vs. 4-5) and post hoc analyses based on Charlson 
comorbidity index scores (0-3 vs. 4 or more). 
For the secondary outcomes, which were adjusted for multiplicity using the Hochberg 
method 22, including the time to unplanned readmission within 30 days and among those 
discharged to a nursing home, the time to discharge home, were analyzed by the Fine and 
Gray competing risk model, accounting for the death and design factors described above. 
Cognitive functioning, defined as the change in the MMSE score from baseline, was 
analyzed by linear regression. 
All analyses were performed using SAS V9.3 (SAS Institute, Cary, NC), and a P<0.05 (2-
tailed) was used to denote statistical significance. 
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Results 
 
Patient inclusion 
From October 2010 until January 2013, 1070 consecutive patients were determined to be 
eligible for the study, and 674 (63%) were ultimately included (Figure 1). The healthcare 
proxies provided informed consent for 16.3% (intervention arm) and 17.2% (control arm) 
of the patients. 
The two arms were well balanced in terms of the baseline characteristics (Table 2). Overall, 
the participants had a mean age of 80 years and a mean of 1.8 pre-existing ADL 
impairments. Supplementary Table 1 provides detailed information on the baseline 
characteristics for both arms. 
 
Adherence to intervention protocol 
Supplementary Table 2 describes adherence to the intervention protocol. The CGA was 
conducted for all patients (100%), and a care and treatment plan was provided to 95% of 
the patients. A visit during hospitalization took place for 69% of the patients. Instances in 
which this visit could not be conducted were due to logistical reasons, such as discharge 
before the visit could be planned. The first home visit was conducted for 90% of the 
participants. 
 
ADL 
There were no differences between the intervention and control arms in the change in ADL 
functioning at six months and twelve months (Table 3). For sensitivity analysis, decedents 
were assigned a score of higher than maximum disability, yet no differences in the change 
in ADL functioning were detected between the intervention and control arms. 
 
Mortality 
Figure 2 shows the survival curves until twelve months after admission. Significant 
protective intervention effects were observed for 30-day post-admission mortality (hazard 
ratio (HR) 0.63, 95% CI 0.39-0.99; p=0.047) and six-month mortality (HR 0.75, 95% CI 0.56-
0.99, p=0.045). At twelve months, the protective effect was marginally significant (HR 0.78, 
95% CI 0.61-1.00, p=0.052). 
 
Readmission, institutionalization and cognitive functioning 
There was no effect of the intervention on time to first unplanned readmission for the 30-
day (HR 1.08, 95% CI 0.68-1.69, p=0.75), six-month (HR 1.21, 95% CI 0.91-1.60, p=0.19), 
and twelve-month (HR 1.03, 95% CI 0.81-1.30, p=0.82) time frames. 
Among those discharged to a nursing home, the time to discharge home did not 
significantly differ (54.9 days for the intervention arm versus 37.5 days for the control arm, 
p=0.17). Similarly, there was no effect of the intervention on cognitive functioning at six 
months post-discharge (Table 3). 
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Assessed for eligibility (n=1070) 

Excluded (n=396) 
• Not meeting inclusion criteria (n=144) 
• Declined to participate (n=242) 
• Other reasons (n=10) 

Analyzed  (n=337) 
• Mortality data available for all patients 
• ADL outcome data available for 203 

people still alive at 12 months 
- 2 assessments   : 135 
- 1 assessment     : 41 
- no assessment   : 27 

Lost to follow up (n=27) 
• Not willing to participate (n=26) 
• Terminal illness (1) 
 
Died (n=104) 

Allocated to control group (n=337) 
• Received allocated intervention (n=337) 

Lost to follow up (n=38) 
• Not willing to participate (n=33) 
• Terminal illness (n=5) 
 
Died (n=85) 

Analyzed (n=337) 
• Mortality data available for all 
participants 
• ADL outcome data available for 224 

people still alive at 12 months  
- 2 assessments   : 144 
- 1 assessment     : 41 
- no assessment   : 39 

Allocation 

Follow-up 
6 months 

Analysis 

Randomized (n=674) 

Lost to follow up (n=0) 
• Not willing to participate (n=0) 
 
Died (n=30) 

Lost to follow up (n=1) 
• Not willing to participate (n=1) 
 
Died (n=28) 

Follow-up  
12 months 

Allocated to intervention group (n=337) 
• Received allocated intervention (n=337) 

Figure 1: Flowchart of patient inclusion 
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Subgroup analysis 
There were no significant interactions between the assigned treatment and the pre-
specified subgroups (ISAR-HP scores of 2-3 vs. 4-5) on mortality (Supplementary Table 3). 
Similarly, post hoc analysis revealed that there were no interactions between the assigned 
treatment and subgroups based on the Charlson comorbidity index (<4 vs. ≥4; 
Supplementary Table 4). 
 
 
 
 
 
 
 
Table 1: Components of the comprehensive geriatric assessment control arm and Transitional Care Bridge 
intervention arm 
Time frame Intervention component Professional involved Control 

arm 
Intervention 
arm 

≤ 48 hours after 
hospital admission 

Comprehensive geriatric assessment 
(CGA) 

Geriatric trained Registered 
Nurse (RN) with geriatrician 

X X 

 Care- and treatment plan with 
prioritization by patient and geriatric 
team 

Geriatric consultation team  X X 

During hospital 
stay 

Multidisciplinary care provided by 
geriatric team  

RN and geriatrician, if 
needed physical therapist, 
dietician & team on the ward 

X X 

Before hospital 
discharge 

In-person handover of CGA and care-
and treatment plan by geriatric team 
to community-based RN 

Geriatric consultation team, 
team on the ward, 
community-care RN  

 X 

Before hospital 
discharge 

Visit of community-care RN to patient Community-care RN  X 

≤ 2 days after 
hospital discharge 

Home visit with medication 
reconciliation; care at home start-up; 
check for activities of daily living and 
availability of adequate help; target 
geriatric conditions; contact with 
General Practitioner (GP) 

Community-care RN  X 

2 weeks Home visit; evaluation of hospital-
based care and treatment plan; goal 
setting by patient; work on (new) 
geriatric conditions 

Community-care RN  X 

6 weeks Home visit; focus on the proxy and 
caregiver burden; further actions on 
geriatric conditions 

Community-care RN  X 

12 weeks Home visit; focus on care needs and 
(new) geriatric conditions 

Community-care RN  X 

24 weeks Home visit; focus on care needs, 
evaluation of geriatric conditions and 
handover to GP 

Community-care RN  X 
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Table 2: Baseline characteristics of the study population 
Variables Control arm (n=337) Intervention arm (n= 337) 
Study sites 
Academic Medical Center- % (n) 
Onze Lieve Vrouwen Gasthuis- % (n)  
Flevo Hospital- % (n) 

 
51.3 (173) 
20.8 (70) 
27.9 (94) 

 
51.3 (173) 
20.5 (69)  
28.2 (95) 

Demographics 
Age in years- mean (SD) 

  
80.0 (7.8) 

 
79.7 (7.3) 

Male gender - % (n) 42.1 (142) 42.1 (142)  
Living situation prior to admission-% (n) 
    Independent  
    Senior residence 
    Assisted Living 
    Other  
Married – % (n) 
Born in the Netherlands- % (n) 
ISAR-HP score* -mean (SD) 

 
67.1 (224) 
22.2 (74) 
9.3 (31) 
1.5 (5) 

28.7 (96) 
85.8 (289) 
3.8 (1.0) 

 
67.9 (228) 
20.2 (68) 
7.7 (26) 
4.2 (14) 

38.3 (128) 
85.1 (286) 
3.8 (0.9) 

Katz ADL-index score baseline†-mean (SD) 
Charlson comorbidity index‡- mean (SD) 
Admission diagnosis 
Infection 
Gastrointestinal 
Cardiac 
Respiratory 
Cancer (including hematology) 
Electrolyte disturbances 
Renal 
Other§ 
Comprehensive geriatric assessment at admission 
Somatic domain % (n) 
Polypharmacy¶ 

1.8 (1.7) 
3.36 (2.4) 

 
28.3 (94) 
14.2 (47) 
12.3 (41) 
12.0 (40) 
6.6 (22) 
4.8 (16) 
3.6 (12) 

18.2 (65) 
 
 

78.8 (212) 

1.7 (1.8) 
3.11 (2.17) 

 
31.2 (102) 
15.0 (49) 
9.5 (31) 

11.6 (38) 
2.7 (9) 

7.0 (23) 
3.4 (11) 

19.6 (74) 
 
 

80.1 (222) 
Incontinence| 
Indwelling urinary catheter** 
Dizziness†† 

35.5 (99) 
24.4 (68) 

48.8 (137) 

34.7 (96) 
24.7 (69) 

45.6 (129)  
Malnutrition‡‡ 
Pain§§ 

51.1 (172) 
46.2 (146) 

53.3 (179) 
52.1 (175) 

Psychological domain   
Cognitively impaired¶¶ (n(%)) 38.0 (128) 40.4 (136) 
Sad or depressive symptoms in past month|| 
Less interest in activities|| 
Functional domain 
Fall in past six months*** 

37.9 (106) 
39.6 (110) 

 
52.4 (174) 

34.3 (96) 
31.7 (88) 

 
45.3 (149) 

Sleep disturbances††† 
Hearing impairment‡‡‡ 
Visual impairment§§§ 

51.1 (143) 
24.3 (65) 
25.1 (68) 

58.0 (164) 
25.3 (66) 
19.6 (53) 

* Identification of Seniors at Risk-hospitalized patients (ISAR-HP) range 0-5, increased risk of functional impairment at 
score ≥2; † Katz-ADL index, range 0-6; a higher score indicates more impairments;‡  Charlson comorbidity index, range 
0-31, a higher score indicates more and/or more severe comorbidity; §  Admission diagnosis, other: vascular, 
neurodegenerative, musculoskeletal, endocrine diagnosis at admission; ¶  Polypharmacy: use of ≥5 different 
medications; |Incontinence: 1 question: ‘Do you experience incontinence for urine or stool?’; ** Indwelling urinary 
catheter: 1 question: ‘Do you have an indwelling urinary catheter?’; †† Dizziness: 1 question to the patient: ‘Do you 
experience dizziness?; ‡‡ Malnutrition: Short Nutritional Assessment Questionnaire (SNAQ), range 0-7, score ≥2; §§ 
Visual analogue scale for pain, range 0-10, score ≥4; ¶¶Mini Mental State Examination (MMSE), range 0-30, cognitively 
impaired if ≤ 24; ||Geriatric Depression Scale-2, both questions displayed; *** ‘Did you experience a fall during the last 
six months?’; ††† ‘Do you have trouble falling asleep or sleeping through the night?’; ‡‡‡ Do you have a hearing 
impairment, regardless the use of a hearing device?’’; §§§ ‘Do you have a visual impairment, regardless the use of 
glasses?’ 
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Table 3: Differences between control and intervention arm for ADL and cognitive functioning 
Outcome Control arm Intervention arm Difference p-value 
ADL     
6-month -0.16 (-0.37 to 0.06) -0.28 (-0.49 to 0.07) 0.12 (-0.16 to 0.41) 0.40 
12-month -0.40 (-0.64 to -0.17) -0.51 (-0.74 to -0.28) 0.10 (-0.21 to 0.42) 0.51 
Cognitive functioning      
6-month -2.12 (-2.64 to -1.59) -2.22 (-2.76 to -1.68) -0.10 (-0.85 to 0.65) 0.80 
ADL=activity of daily living as measured with 6-item Katz ADL index score. For both arms, numbers presented 
for each arm is the difference between the ADL measurement at six-months or twelve-months compared with 
baseline ADL functioning two weeks before hospitalization. Only those who survived are included in the 
analysis. Difference represents the difference between the intervention and control arm. 
Cognitive functioning as measured with the 11-item Mini Mental State Examination (MMSE). Presented 
numbers are differences within intervention and control arm at six-months compared to baseline cognitive 
functioning at the time of hospital admission. There was no assessment of cognitive functioning at twelve-
months. 
Analyses are controlled for the design variables study site (AMC, OLVG or Flevo Hospital) and cognitive 
functioning (MMSE >24 or ≤ 24). 
 
 
Figure 2: Mortality from admission to twelve-months post-admission 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Below the curve, the numbers of subjects at risk are noted for each 30-day time interval for the intervention 
and control arm. The p-value at the top of the curve is the probability for the log-rank tests at the different 
time points (30 days, 6 months and 12 months) 
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Discussion 
In this randomized controlled trial on systematic CGA combined with a transitional care 
program, we found a 37% lower 30-day and 25% lower six-month mortality rate among 
patients in the intervention arm. At twelve months, the effect size remained stable but was 
marginally significant. We did not find an effect of the intervention on ADL functioning, 
cognitive functioning, time to unplanned readmission or time to discharge home from the 
nursing home at six-months and twelve-months post-discharge. The recruitment to the 
target sample size, adherence to the intervention protocol, narrow confidence intervals, 
and consistent effect sizes for the primary outcome of mortality indicate that our results 
are robust and precise. The achieved effect sizes for mortality correspond with the 
intensity of the intervention; four out of the six visits occurred within 60 days after 
admission. 
Previous research demonstrated that the systematic CGA approach by a geriatric 
consultation team led to a reduction in six-month mortality 8. Our trial is one of the very 
few trials that have integrated systematic CGA with a transitional care program. Other 
transitional care trials often start at the time of hospital admission but do not include a 
CGA or follow-up by a geriatric consultation team 23-25. Naylor and colleagues conducted a 
trial in heart failure patients, including a geriatric assessment and follow-up by an advance 
practice nurse. This study found a reduction in the combined endpoint of readmission or 
mortality 26. Many other transitional care trials either have not studied mortality as an 
endpoint 24,25,27-30 or have not found reductions in mortality 23,31. 
We hypothesize that the most important factors that led to the reduction in mortality 
included the addressing of all geriatric conditions during hospitalization and after 
discharge, the visit to the hospital by a CCRN, the home visit within two days after hospital 
discharge and the medication reconciliation offered by a CCRN. Although most hospitals in 
the Netherlands have implemented medication reconciliation procedures both upon 
hospital admission and at discharge to reduce adverse drug events 32, we observed that 
medication reconciliation during home visits was valuable. Moreover, 40% of the 
participants experienced cognitive impairment during hospital admission. It is known that 
cognitive complaints may remain present after hospital discharge 33 which may increase 
medication errors. 
We did not observe any differences between the intervention and control arms in the 
ADLs. Only a few transitional care trials have included ADL functioning as an outcome. 
Naylor et al. have found a short-term improvement in functioning in the intervention arm 
34, but this effect disappeared at six months. We only measured ADL functioning at six 
months post-discharge; therefore, we may not have captured any early improvements in 
functioning. Another transitional care study included an exercise program during and after 
hospitalization. In this study, the participants in the intervention arm demonstrated 
improvements in ADL functioning 24. In our intervention protocol, an exercise program was 
only offered if necessary. Additionally, because more persons in the intervention arm 
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remained alive, this group could have been more vulnerable and may not have had the 
potential to recover ADL functioning. 
In contrast with other studies on transitional care 12,35, we did not observe a reduction in 
30-day readmissions in the intervention arm. We observed unplanned 30-day readmission 
rates of 11% in both the intervention and control arms. These rates are lower compared 
with other trials that have been conducted, in for example the United States 12. We 
hypothesize that these lower rates may be due to the high standard of primary healthcare 
in the Dutch healthcare system, with easily accessible care for all citizens and the 
gatekeeping role of general practitioners with regard to secondary care. 
There are some limitations to our study. Despite the efforts to complete the follow-up 
assessments, we had missing ADL outcome data. The six-month outcome assessment 
closely followed the 6-month visit by the CCRN, and as a result, some of the patients 
considered the additional home visit for the outcome assessment to be burdensome. 
Moreover, the outcome assessments of the patients with cognitive impairment had to be 
conducted with the closest proxy, who was sometimes difficult to contact. The strength of 
the current trial is the inclusion of vulnerable patients with a high risk of functional 
decline, as well as those with cognitive impairment. These groups are often excluded from 
trials. 
In conclusion, this randomized controlled trial on systematic CGA and transitional care until 
six months post-discharge demonstrated significantly lower 30-day and 6-month mortality 
rates. There was no effect of the intervention on ADL functioning or on secondary 
outcomes, such as unplanned readmission and cognitive functioning. The use of a 
transitional care program combined with a systematic CGA seems to improve patient 
safety during the vulnerable period that occurs shortly after hospital discharge. 
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Appendix 
 
This supplementary file has been provided by the authors to give readers additional 
information about their work. 
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Supplementary file 1: The health care system in the Netherlands 
 
Primary care, hospital care and home care 
In total, more than 16.9 million persons live in the Netherlands of which 17% are 65 years 
or older. All inhabitants in the Netherlands have a General Practitioner (GP). The GP is the 
gatekeeper of the health care system. Only in case of emergencies, a patient can directly 
go to a specialist in the hospital or to the emergency department; in all other cases a 
patient needs a referral from the GP. In the past five years, many GPs have implemented 
structured care for older persons in their practice. Mostly, this is a nurse who visits ‘high 
risk’ older persons at home and performs screening on geriatric conditions after which 
tailor-made interventions are carried out. 
There are 92 hospitals in the Netherlands of which eight are university teaching hospitals. 
Most of the hospitals have a geriatric team available for consultation, some hospitals also 
have geriatric wards. In the past five years hospital care for older persons was on the 
nationwide health care agenda. A large program was implemented called Safety 
Management Program (VeiligheidsManagement System), and one of the themes was ‘Care 
for Vulnerable Older persons’. All hospitals have implemented a short assessment, 
performed by a nurse, focused on falls, delirium, activities of daily living and malnutrition. 
This has increased awareness., The specialist knows the persons’ GP to handover discharge 
information. 
Home care is available for patients in need of home care. a clear indication is needed for 
home care, and the community care nurse is the person that performs an assessment to 
identify a patients’ needs. If a patient is hospitalized, in all hospitals, a transitional care 
nurse is available who arranges home care (help with bathing, dressing, household, 
medications). These nurses do not visit the patient at home, but, in collaboration with the 
nurses on the ward, they arrange the care that they foresee will be needed. Community 
care nurses work in close collaboration with the GP. 
 
Financing of care & health coverage 
There is universal health coverage for all inhabitants, meaning that everyone needs to have 
health insurance. There is a deductible fee of 350 euros (around 450 dollars), which 
patients have to pay for visits to the hospital, emergency department visits and 
medications. GP care is excluded from this deductible fee. Patients pay an income-
dependent deductible fee for home care. 
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Supplementary file 2: The identification of senior at risk- hospitalized 
patients risk (ISAR-HP) risk assessment instrument 
 
The ISAR-HP is a validated screening instrument, developed to detect older hospitalized 
persons at risk for functional decline. The screening instrument consists of four questions: 
 
ISAR-HP Yes No 
1. Before hospital admission, did you need assistance with IADL? (e.g. assistance 
in housekeeping, preparing meals and shopping) on a regular basis 

1 0 

2. Do you use a walking device (e.g. a cane, walker, walking frame, crutches, etc.)? 2 0 
3. Do you need assistance with travelling? 1 0 
4. Did you continue education after the age of 14? 0 1 
Total score (circled numbers)  
Score 0-1=not at risk for functional decline 
Score 2-5= at risk for functional decline 

 

 
The range of scores varies between 0-5, and the cut-off score is 2 or more. The four-item 
model could accurately predict functional decline with an AUC of 0.71 in the development 
cohort (n=492). At threshold score 2, sensitivity, specificity, positive and negative 
predictive values were 87, 39, 43 and 85%, respectively. In the validation study (n=484), 
the AUC was 0.68,  and sensitivity, specificity, positive and negative predictive values were 
89, 41, 41 and 89% 1. 
Further study also demonstrated that patients with a higher ISAR-HP score had 
significantly more geriatric conditions and died more frequently. The ISAR-HP is also 
validated for use in cardio thoracic patients. 
In the Transitional Care Bridge Trial only patients with a score of two or more were eligible 
to participate in the trial. 
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Supplementary file 3: Training of nurses involved in the study 
 
All nurses (n=14) who provided the intervention were experienced community-care 
registered nurses. As the nurses were experienced, but did not have a specific or 
specialized training in geriatrics, a 10-day training was developed focused on geriatric care 
in the community and in the transition from hospital to home. The training was developed 
by the AMC, in collaboration with the School of Nursing from InHolland University of 
Applied Sciences and the Regional Council of General Practitioners (HKA), all based in 
Amsterdam. The training consisted of three modules; 1) introduction to research and frail 
older patients; 2) somatic and functional geriatric conditions; and 3) psychological and 
social conditions. 
 
Module 1: Introduction to research and frail older patients. This module focused on 
participating in a randomized clinical trial, ethical issues with regard to research, 
withdrawal from the study, methodological aspects of a RCT. The introduction of frail older 
patients involved basic information on ageing, care models, frailty, comprehensive geriatric 
assessment. Moreover nurses received training on the comprehensive geriatric 
assessment, making a care- and treatment plan and how to coach and empower patients 
to formulate their own goals of care. 
 
Module 2: Focused on somatic and functional geriatric conditions and lessons were 
provided by content experts (e.g. geriatricians, pharmacist, clinical nurse specialist) and 
included polypharmacy, sleep disorder, pain management, malnutrition, fall prevention, 
incontinence, ADL impairments, and other conditions and diseases that are much 
prevalent at higher age. 
 
Module 3: the training on psychological and social conditions was also provided by content 
experts and consisted of cognitive impairment, depression, delirium, caregiver burden, 
financial problems, loneliness and elder abuse. 
 
Across the 3 modules the training focused on what nurses could do, which evidence-based 
interventions were available, how they could provide patient-centered care and empower 
the older person. Two afternoons were spent on communication training, applying 
principles of motivational interviewing and complex situations (e.g. the informal caregiver 
wants something different than the patient). 
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Supplementary file 4: Evidence-based protocols used in the study 
 
For 18 geriatric conditions included in the comprehensive geriatric assessment (CGA), we 
developed evidence-based care protocols that nurses could use while providing care. The 
protocols are accessible through a website: 
http://www.effectieveouderenzorg.nl/Toolkit.aspx [in Dutch] 
The protocols are a practical translation of guidelines and were used after the initial CGA. If 
an older person was screened positive for a geriatric condition during the CGA, the older 
person recognized the specific geriatric condition as a problem, and the condition was 
identified a priority by the older person, the evidence-based protocol were used 
subsequently. 
The protocols consisted of a further diagnostic assessment of the geriatric condition; for 
example if a person had a previous fall, risk factors for falling were assessed. Or if an older 
patient had a score of 4 or more on the visual analogue scale for pain, a pain assessment 
identifying the sort, severity and possible cause of pain that was present, leading to a 
target pain plan. 
Subsequently, in these evidence-based care protocols nurses were guided to make an 
overview and discuss these with the GP or geriatrician, addressing the most important risk 
factors, to reach a common individualized care program. 
In the protocols evidence-based interventions were provided, that the nurse could 
implement, or that other professionals or the older person himself could perform. 
For each geriatric condition, background and more in-depth information was available, 
such as prevalence, risk factors, screening, diagnostic assessment and interventions. This 
was used when nurses needed more information about these topics. For some topics also 
understandable information for older people was created. 
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Supplementary file 5: Example of a quality indicator used for the process 
evaluation 
 
3.2: Indicator of percentage of older persons that where visited by the community-based RN in the hospital 
Aim All patients that are included in the intervention group of the Transitional Care 

Bridge Trial will be visited by a community-based RN during hospitalization  
Operationalization Percentage of older persons that were visited by the community-based RN  
Nominator All patients visited by the community-based RN in the hospital 
Denominator All patients assigned to the intervention group of the Transitional care bridge trial 
Definition A patient is visited in the hospital if: 

The community-based RN and the patient have met each other during 
hospitalization. In the log there is a notification that the nurse visited the 
hospital. 

In-/exclusion criteria Inclusion criteria transitional care bridge trial  
Type of indicator Process indicator 
Source nominator Care- and treatment plan or log 
Source denominator Inclusion list of the transitional care bridge trial 
Measurement frequency Continuous 
Report rate Once every three months in the research team 
Measurement level Patient level 
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Results 
 
 
Supplementary Table 1: Additional baseline characteristics 
Variable Control arm (n=337) Intervention arm (n=337) 
Scores on the Identification of Seniors at Risk-Hospitalized 
Patients – % (n) 

  

Needed help on a regular basis 92.3 (311) 91.1 (307) 
Use of a walking aid 87.5 (295) 87.5 (294) 
Do you need help with travelling 66.5 (224) 69.9 (235) 
Did not follow education after the age of 14 44.6 (149) 46.9 (157) 
Scores on individual items of the Charlson Comorbidity index- 
% (n) 

  

Myocardial infarction 23.6 (77) 19.6 (64) 
Congestive Heart Failure  32.5 (106) 30.1 (98) 
Peripheral Vascular Disease  18.1 (59) 21.5 (70) 
Cerebrovascular Disease  25.5 (83) 24.2 (79) 
Dementia  5.8 (19) 5.2 (17) 
Chronic Obstructive Pulmonary Disease  28.2 (92) 26.1 (85) 
Auto Immune Disease  0.0 (0) 0.6 (2) 
Peptic Ulcer Disease  6.7 (22) 5.8 (19) 
Mild Liver Disease  0.3 (1) 1.2 (4) 
Diabetes (no complications)  13.8 (45) 11.7 (38) 
Hemiplegia  0.6 (2) 1.2 (4) 
Moderate kidney disease/renal dysfunction  26.4 (86) 25.5 (83) 
Diabetes (with end-organ damage)  24.8 (81) 21.8 (71) 
Leukemia  0.6 (2) 1.5 (5) 
Malignant Lymphoma  1.8 (6) 2.5 (8) 
Solid Tumor  9.5 (31) 11.0 (36) 
Moderate/severe Liver Disease   2.1 (7) 2.5 (8) 
Metastatic Tumor  7.1 (23) 5.2 (17) 
Dependent on individual modified Katz-ADL index items-% (n)   
Taking a bath or shower  50.0 (168) 45.7 (153) 
Getting dressed  42.3 (142) 39.4 (132) 
Brushing hair or shaving  12.6 (42) 15.4 (51) 
Toileting  15.2 (51) 14.0 (47) 
Use of incontinence products  45.4 (152) 42.5 (142) 
Transferring 14.0 (47) 17.5 (58) 
Walking  87.7 (293) 88.7 (297) 
Eating  11.4 (38) 16.5 (55) 
Use of telephone  12.3 (41) 16.2 (54) 
Travelling  68.4 (229) 70.4 (235) 
Shopping  76.4 (256) 70.1 (235) 
Preparing a meal  65.1 (218) 63.2 (211) 
Taking care of household  95.8 (322) 93.8 (315) 
Taking medication  42.9 (143) 46.0 (154) 
Handling finances  52.9 (176) 47.9 (161) 
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Supplementary Table 2: Adherence to the intervention protocol 
Treatment protocol % (n/total number of eligible patients) Intervention group (n=337) 
Comprehensive geriatric assessment at admission 100 (337/337) 
Visit of the community care nurse to hospital 69 (189/272) 
Care- and treatment plan hand-over 95 (320/337) 
Home visit within 2 days after hospital discharge 90 (244/272) 
Medication reconciliation in patients who were discharged with new 
medications 

88 (210/238) 

Home visit 2 weeks after hospital discharge 94 (203/216) 
Home visit 6 weeks after hospital discharge 86 (166/192) 
Home visit 12 weeks after hospital discharge 85 (138/163) 
Home visit 24 weeks after hospital discharge 80 (110/138) 
At the start of randomization there were 337 patients randomized to the intervention group. No logs were 
available for 21 patients who died during hospital admission, and for 16/337 whose logs got missing during the 
study. During the 6 months follow-up 85 intervention group patients died. The denominator for each of the 
home visits differs because of the dropout of people who died. Also, some interventions were only performed 
if necessary, e.g. medication reconciliation was performed if person received new medication. 

 
 
Supplementary Table 3: Predefined subgroup analysis for mortality 
  Hazard ratio (95% CI) Subgroup by treatment 

interaction, p-value 
30-day mortality ISAR-HP score   
 2-3 0.59 (0.20-1.77) 0.92 
 4-5 0.62 (0.38-1.04)  
6-month mortality ISAR-HP score   
 2-3 0.75 (0.40-1.40) 0.94 
 4-5 0.73 (0.53-1.00)  
12-month mortality ISAR-HP score   
 2-3 0.73 (0.44-1.22) 0.82 
 4-5 0.78 (0.59-1.04)  
ISAR-HP= identification of seniors at risk hospitalized patients. This was the risk assessment instrument that 
was used to select older patients for the trial. A higher score indicates a higher risk for functional decline and 
mortality; CI= confidence interval 
 
 
Supplementary Table 4: Post-hoc subgroup analysis on mortality 
  Hazard ratio (95% CI) Subgroup by treatment 

interaction, p-value 
30-day mortality Charlson comorbidity index   
 0-3 0.60 (0.29-1.25) 0.40 
 ≥ 4 0.88 (0.47-1.63)  
6-month mortality Charlson comorbidity index   
 0-3 0.83 (0.54-1.27) 0.73 
 ≥ 4 0.73 (0.48-1.10)  
12-month mortality Charlson comorbidity index   
 0-3 0.87 (0.60-1.26) 0.57 
 ≥ 4 0.73 (0.51-1.05)  
Charlson comorbidity index is an indicator for the number and the severity of illnesses and is associated with 
mortality 2; CI=confidence interval 
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