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Abstract

Background: Low adherence to secondary prevention guidelines in stroke sur-

vivors may increase the risk for recurrent stroke and adversely impact quality

of life. We aimed to determine the feasibility of a self-developed standardized

post-stroke pathway and its impact on secondary stroke prevention and long-

term outcome in patients with acute stroke. Methods: Consecutive patients

with acute stroke were prospectively included in a standardized post-stroke

pathway accomplished through a single certified CM (case manager), which

comprised educational discussions and quarterly checkups for vascular risk fac-

tors and adherence to antithrombotic/anticoagulant medication in addition to

usual care. At 12 months, we compared achieved target goals for secondary pre-

vention, functional outcome, stroke recurrence, and vascular death with age-

and gender-matched controls that received only usual care after stroke. Results:

We included 45 cases and 45 controls. The following target goals were more

frequently achieved in CM-patients than in controls: blood pressure (100% vs.

46.2%, P < 0.001), cholesterol (100% vs. 74.4%, P < 0.001), and body mass

index (67.4% vs. 46.2%, P = 0.052). The CM-intervention emerged as an inde-

pendent predictor of favorable functional outcome (mRS ≤ 2) at 12 months

after adjusting for stroke severity and systemic thrombolysis (OR: 4.27; 95%

CI:1.2–15.21; P = 0.025). Quality of life was rated significantly higher in CM-

patients than in controls (P = 0.049). As opposed to controls, none of the cases

experienced a recurrent stroke (0% vs. 13.3%; P = 0.026) or suffered from vas-

cular death (0% vs. 6.7%; P = 0.242). Conclusions: Our pilot data suggest that

organized post-stroke care enhances achievement of secondary prevention goals.

Its possible effect on stroke recurrence, long-term disability, and quality of life

is currently investigated in a prospective cohort study.

Introduction

Stroke ranks as the fourth leading cause of death and

constitutes a major contributor to long-term adult dis-

ability in Western countries (Go et al. 2014). In the first

year following stroke, recurrent events occur in 10–20%
of patients, further increasing the degree of permanent

disability and the risk of dying from a stroke (Chimowitz

et al. 2011; Mohan et al. 2011). From an economic point

of view, stroke ranges among the most expensive medical

conditions adding up to direct costs of 7.1 billion Euro

per year for stroke survivors in Germany alone without

mentioning indirect costs related to compromised

employability after stroke (Kolominsky-Rabas et al. 2006).

In the recent years enormous efforts have been under-

taken to fight the human and economic burden of stroke

particularly by focusing on acute stroke management and

rescue revascularization therapies (Broderick et al. 2013;

Ciccone et al. 2013; Kidwell et al. 2013; Barlinn et al.

2014). On the other hand, an important element of the

healthcare supply chain for stroke constitutes post-stroke

care. The strict implementation of goals for secondary pre-

vention is crucial to overcome the high risk for long-term

disability and stroke recurrence. However, adherence to

stroke prevention guidelines in stroke survivors is modest

as recommendations are often not followed strictly by

patients and primary care physicians (R€other et al. 2008;

Bushnell et al. 2011). This may be due to a lack of patients’
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education and advice with regard to risk factor manage-

ment and life style changes as well as insufficient communi-

cation between the discharging hospital and primary care

physicians (Bushnell et al. 2011). Organized post-stroke

care may help to enhance the dialog between the individual

elements of the stroke’s healthcare supply chain and

improve adherence to secondary stroke prevention guideli-

nes (Leistner et al. 2012). Recently established programs

showed promising results for other diseases like diabetes

mellitus and coronary heart disease, yet no such evidence-

based programs have been established for stroke survivors

and current stroke guidelines are silent on this matter

(Gaede et al. 2008; Giannuzzi et al. 2008; European Stroke

Organisation (ESO) Executive Committee, ESO Writing

Committee, 2008; Kernan et al. 2014).

Therefore, we developed a standardized and case man-

agement based pathway for post-stroke care to ensure

minimization of vascular risk factors, lifestyle changes,

and adherence to secondary prevention medication. To

guide a subsequent prospective cohort study, we aimed to

determine the feasibility of this self-developed post-stroke

pathway using a case–control design in patients with

acute stroke and hypothesized that our coordinated post-

stroke care has a positive impact on secondary stroke pre-

vention and long-term functional outcome.

Methods

The SOS (stroke east Saxony) care project

From May 2011 to November 2011, a task force of stroke

neurologists, primary care physicians, stroke nurses,

ambulatory care nurses, physical therapists, and represen-

tatives of the German health insurance company “Allge-

meine Ortskrankenkasse” (AOK Plus) developed a

structured pathway for patients with acute cerebral ische-

mia and hemorrhagic stroke covering the first year after

the index event. During the clinical phase of this 2-year

project (12/2011–05/2013), all pathway activities were car-

ried out by a single licensed stroke case manager (U.H.)

who was available on a regular basis (i.e., 40-h per week

except vacation time) and individually followed the par-

ticipating patients over 1 year. A stroke expert physician

was always available to discuss stroke-related medical

issues, whenever necessary.

Consecutive acute stroke patients were prospectively

approached by the case manager and invited to partici-

pate in the post-stroke care program when following

inclusion criteria were met: (1) acute ischemic or hemor-

rhagic stroke, or TIA (transient ischemic attack), (2)

ongoing AOK Plus health insurance, and (3) residency in

the city of Dresden, Germany. Exclusion criteria were

pre-stroke disability (defined as need of care for at least

3 h per day) and palliative care. Between day 2 and 3 of

hospitalization, patients and if requested their proxies

received a structured 30-min educational discussion on

stroke and its linkage to vascular risk factors, risk of

recurrent stroke, and the importance of secondary pre-

vention as well as healthy lifestyle changes (e.g., nicotine

abstinence, weight reduction, healthy diet, physical activ-

ity). Within 1 week from hospital or rehab discharge, the

case manager visited the patients at home to provide

repeat stroke-specific education (as described above) and

to check whether secondary prevention medication com-

plied with hospital discharge medication and the current

European Stroke guidelines (European Stroke Organisa-

tion (ESO) Executive Committee, ESO Writing Commit-

tee, 2008). In addition, quarterly telephone contacts at 3,

6, and 9 months, and a final home visit at 12 months

after the index stroke were conducted to check on vascu-

lar risk factors and achieved lifestyle changes. Target goals

for vascular risk factors were predefined according to cur-

rent recommendations given by the European Stroke

guidelines (Fig. 1A) (European Stroke Organisation

(ESO) Executive Committee, ESO Writing Committee,

2008). Blood samples for cholesterol and HbA1c were

obtained by the primary care physician at 6 and

12 months, blood pressure and body weight measure-

ments were performed quarterly by the patients them-

selves or the case manager. Whenever values on vascular

risk factor deviated from the predefined goals the case

manager informed the patients and their primary care

physicians in order to consider appropriate changes in

the treatment regimens. In addition to the scheduled vis-

its, further personal or telephone contacts were conducted

whenever felt necessary by the patient (e.g., ambulatory

changes in the medication or medical status) or when the

patient needed medical advice with regard to the stroke.

Case–control study

To assess whether there is a signal of efficacy of our post-

stroke program, we retrospectively identified a compar-

ison group from our institutional stroke database that

consisted of patients with acute cerebral ischemia who

were admitted between 01/2013 and 04/2013 (in order to

ensure a 1-year period after the index event), medically

insured in any health insurance company except AOK

Plus. All of these patients received usual care that was

provided by primary care physicians after discharge from

the acute hospital or rehabilitation, and was not standard-

ized per study protocol. For reasons of comparability with

the cases, we excluded control patients who had

pre-stroke mRS > 3 or palliative care after stroke. Usual

care patients (controls) and SOS Care patients (cases)

were individually matched for diagnosis according to
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International Classification of Disease (ICD-10) coding

(i.e., I60-I64, G45), age (5-year intervals), and sex by an

independent assessor blinded to clinical data and the pur-

pose of the study. All matched controls were appointed

to our outpatient clinic or visited at home between 04/

2014 and 06/2014 (approximately 12 months after the

index stroke) for prospective assessments of cholesterol,

HbA1c, blood pressure, body mass index, smoking habits,

and secondary prevention medication and functional out-

come using the mRS (modified Rankin scale).

Patients’ satisfaction and quality of life

Patients’ satisfaction with post-stroke care was assessed in

cases and controls at the time of final follow-up using a

modified version of the ZUF-8 questionnaire (Schmidt

et al. 1989). The ZUF-8 is a validated measurement

instrument to evaluate patients’ general satisfaction with

inpatient health care (Attkisson and Zwick 1982). The

ZUF-8 consists of eight items that cover various aspects

of satisfaction on a 4-point Likert scale. In order to

address post-stroke instead of inpatient care, we modified

each ZUF-8 item accordingly and extended the 8-item

questionnaire by two more items focusing on stroke diag-

nosis: (1) “I am aware of my personal stroke risk profile

and I know how to control it”, and (2) “I understand the

reason why several tests were performed during hospital

stay”. Thus, the overall index score ranges between 8 and

40, with higher scores indicating higher satisfaction with

care. In order to determine the reliability of the modified

Figure 1. (A) Predefined risk factor goals. BMI indicates body mass index. (B) Study flowchart.
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questionnaire we repeated the interview after 12 weeks to

assess test–retest reliability.
Generic quality of life was assessed by the Euroqol 5D-

3L (EQ-5D), a widely used measurement instrument that

provides a simple descriptive profile and a single index

value (visual analog scale) that can be used in the clinical

evaluation of health care (Rabin and de Charro 2001).

Outcome measures

We intended to compare achieved risk factor goals, func-

tional independence (modified Rankin scale, mRS ≤ 1),

favorable functional outcome (mRS ≤ 2) at 12 months as

well as the need of institutional care, recurrent cerebral

vascular events, and vascular death (defined as any death

related to stroke or myocardial infarction) during the fol-

low-up period between cases and controls. We also

intended to compare patients’ satisfaction and quality of

life as assessed at 12 months between cases and controls.

Patients with hemorrhagic stroke were not included in

this case–control analysis due to low recruitment in the

SOS Care project. The Dresden Institutional Review

Board approved this study and written informed consent

was obtained in all participants.

Statistical analysis

Continuous and non-continuous variables are presented

as mean � SD (standard deviation), median (interquartile

range, IQR), and percentage as appropriate. Student t test,

Wilcoxon rank-sum test, chi-square test, and Fisher’s

exact test were used to assess between group differences

as appropriate. Univariate and multivariate logistic regres-

sion models were built to assess whether SOS Care was

independently associated with outcomes of interest. All

factors that emerged as predictor variables in the univari-

ate analysis at P < 0.1 were included in the multivariate

model as candidate variables and then removed by back-

ward stepwise selection procedure with removal set at

P = 0.2. Cohen’s weighted j was used to assess test–retest
reliability for the modified ZUF-8 with j ≥ 0.81, indicat-

ing very good/excellent; 0.61 ≤ j < 0.81, good;

0.41 ≤ j < 0.60, fair; and j < 0.41, slight/poor agreement

(Byrt 1996). Internal consistency of the modified ZUF-8

was assessed by Cronbach’s alpha with a > 0.9 indicating

being excellent, a > 0.8 good, a > 0.7 acceptable, a > 0.6

questionable, a > 0.5 poor, and a < 0.5 unacceptable

internal consistency (George and Mallery 2003). Signifi-

cance level was set at P < 0.05. OR (Odds ratios) are pre-

sented with corresponding 95% confidence intervals (CI).

The statistical software package STATA (Version 12.1,

StataCorp., College Station, TX) was used for statistical

analysis.

Results

Of 107 stroke patients who met inclusion criteria, 69

(64.5%) agreed to participate in the 1-year integrated

stroke care pathway: 58% were male, mean age was

70.8 � 14.2 years, median NIHSS (National Institutes of

Health Stroke Scale) score was 2 (IQR, 0–5) points. Fifty-
one (73.9%) patients had acute ischemic stroke, three

(4.4%) intracranial hemorrhage, and 15 (21.7%) TIA.

During the follow-up period, 10 patients (14.5%) with-

drew from the program due to lack of motivation or

moving away and two patients with intracranial hemor-

rhages were excluded. Of the remaining 57 patients, 12

were not found to have a statistical counterpart according

to our predefined matching criteria leaving 45 cases and

45 controls for the final analysis (Fig. 1B).

Except for stroke severity, no significant baseline imbal-

ances were present between the cases and controls

(Table 1). There was no difference between cases and

controls with regard to favorable functional outcome

(mRS ≤ 2) at the time of discharge (44.4% vs. 57.8%;

P = 0.206). At the program’s closing visit, two SOS Care

patients and six control patients were deceased at this

time point. The mean follow-up period for cases and con-

trols was 12.2 � 0.7 months and 14.0 � 1.5 months,

respectively.

The following target goals were more frequently

achieved in SOS Care patients than in controls: blood

pressure (100% vs. 46.2%, P < 0.001), cholesterol (100%

vs. 74.4%, P < 0.001), and body mass index (67.4% vs.

46.2%, P = 0.052). Further results on achieved vascular

risk factors goals and medication adherence are detailed

in Table 2. More patients in the case management group

were functionally independent at 12 months after the

index event than patients receiving only usual care

(75.6% vs. 48.9%; P = 0.009). In an unadjusted logistic

regression model with the controls as the reference

group, case management emerged as significant predictor

of functional independence at 12 months (OR: 3.23;

95%CI: 1.32–7.92; P = 0.010). Once baseline stroke

severity and systemic thrombolysis were adjusted for in

the model, this association no longer remained signifi-

cant (OR: 1.62; 95%CI: 0.56–4.66; P = 0.369). However,

case management appeared a strong independent predic-

tor of favorable functional outcome (mRS ≤ 2) at

12 months after adjusting for baseline stroke severity and

systemic thrombolysis (OR: 4.27; 95%CI: 1.2–15.21;
P = 0.025). Less SOS Care patients needed institutional

care than control patients (0% vs. 8.9%; P = 0.04). As

opposed to controls, none of the cases experienced a

recurrent stroke (0% vs. 13.3%; P = 0.026) or suffered

from vascular death (0% vs. 6.7%; P = 0.242) during the

follow-up period.
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Patients’ satisfaction and quality of life

The ZUF-8 response rate was 95.6% (n = 43) for cases

and 86.7% (n = 39) for controls. According to the modi-

fied ZUF-8, patients in the SOS Care group were signifi-

cantly more satisfied with post-stroke care than controls

(median: 39 [IQR, 5] vs. 21 [15]; P < 0.0001). The test–
retest reliability for the modified ZUF-8 questionnaire

was good for eight and fair for two items. Internal consis-

tency of the modified ZUF-8 was excellent (Cronbach’s a
0.97).

The response rate for the EQ5D was 93.3% (n = 42)

for cases and 86.7% (n = 39) for controls. Quality of life

measured by the EQ5D questionnaire was rated signifi-

cantly higher in SOS Care patients than in controls (me-

dian index: 0.887 [IQR, 0.099] vs. 0.788 [0.0625];

P = 0.049). The EQ visual analog scale also revealed a sig-

nificant difference among groups in favor of the cases

(median score: 80 [IQR, 20] vs. 60 [30]; P = 0.013).

Discussion

Our pilot study showed that organized post-stroke care

accomplished through a single case manager was feasible

and potentially effective in the first year following acute

stroke. Given that most patients who completed our post-

stroke program achieved predefined secondary prevention

goals, these findings suggest that the coordinated post-

stroke programs may aid in achieving guideline-recom-

mended target goals for vascular risk factors and lifestyle

changes to prevent stroke recurrence.

To date, substantial amounts have been invested in

acute stroke research yet only a few therapies have been

proven effective in reducing long-term disability and

death from stroke (The National Institute of Neurological

Disorders and Stroke rt-PA Stroke Study Group, 1995;

Vahedi et al. 2007; Hacke et al. 2008; Ringelstein et al.

2013; J€uttler et al. 2014; Berkhemer et al. 2015). Merely, a

minority of stroke patients has access to and even fewer

eventually benefit from acute stroke therapies (Adeoye

et al. 2014). Consequently, growing awareness has been

shifted toward the postacute phase of stroke, which has

been recognized as pivotal target to improve medical and

economic aspects of stroke care (Alvarez-Sabin et al.

2009; Philp et al. 2013). However, following hospitaliza-

tion or rehab discharge, most stroke patients are subse-

quently treated by primary care physicians seldom

formally trained in the treatment of stroke or familiar

with secondary stroke prevention guidelines. The Adher-

ence eValuation After Ischemic stroke-Longitudinal

(AVAIL) registry, for instance, revealed that 1 year after

the index event, only two-thirds of stroke patients contin-

ued secondary preventive medication as prescribed at hos-

pital discharge and discontinuation of medication mostly

Table 1. Baseline characteristics of SOS Care and control patients.

Variable Cases (n = 45) Controls (n = 45) P value

Male, n (%) 26 (57.8) 26 (57.8) 1.0

Age, mean � SD 70.4 � 14.1 70.5 � 13.6 0.939

Body mass index, median (IQR) 26 (24–28) 25 (24–29) 0.825

Acute ischemic stroke, n (%) 37 (82.2) 37 (82.2) 1.0

NIHSS, median (IQR) 2 (1–5) 5 (1–12) 0.029

Previous Stroke/TIA, n (%) 5 (11.1) 9 (20.0) 0.384*

Systemic thrombolysis, n (%) 10 (22.2) 10 (22.2) 1.0*

Vascular risk factors, n (%)

Arterial hypertension 41 (91.1) 45 (100) 0.117*

Hypercholesterolemia 38 (84.4) 39 (86.7) 1.0*

Nicotine 13 (28.9) 8 (17.8) 0.319*

Diabetes mellitus 14 (31.1) 14 (31.1) 1.0

Coronary artery disease 4 (8.9) 12 (26.7) 0.051*

Atrial fibrillation 8 (17.8) 13 (28.9) 0.319*

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack.

*Fisher’s Exact test.

Table 2. Achieved vascular risk factors goals and antiplatelet/

anticoagulant medication adherence at 12-month closing visit.

Achieved goals, n (%) Cases (n = 43) Controls (n = 39) P value

Body mass index 29 (67.4) 18 (46.2) 0.052

Blood pressure 43 (100) 18 (46.2) <0.001*

Cholesterol 43 (100) 29 (74.4) <0.001*

Nicotine abstinence 38 (88.4) 37 (94.9) 0.436*

HbA1c 39 (90.7) 34 (87.2) 0.730*

Antiplatelet/

anticoagulant

adherence

40 (93.0) 35 (89.7) 0.703*

*Fisher’s Exact test.
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followed the recommendation of primary care physicians

(Bushnell et al. 2011). The fact that 12 months adherence

to evidence-based secondary preventive medication was

highest among those who had a prompt appointment

with a physician, were satisfied with patient–physician
communication and understood why medication was nec-

essary emphasizes the importance of sufficient informa-

tion provision to patients and sustained stroke expertise

availability after hospital discharge. This is underpinned

by a recent observation that among acute stroke patients

who received written information on secondary preven-

tion and healthy lifestyle during hospitalization, the

majority was not able to reproduce this information suffi-

ciently postdischarge (Lawrence et al. 2010). Our post-

stroke program embedded broad educational discussions

twice – during the acute and the postdischarge phase –
with an intended involvement of family members that

seems particularly essential in patients with restricted abil-

ity to understand (e.g., due to aphasia). Involving proxy

might thus facilitate patients’ reception of secondary

stroke prevention information. In addition, patients were

free to contact the case manager at any time during work-

ing hours in order to discuss stroke-related issues further

improving post-stroke education of patients. The Global

Stroke Community Advisory Panel recently presented a

post stroke checklist for patients discharged and to be

completed by the treating primary care physician (Ward

et al. 2014). Although this approach was feasible and

deemed helpful in organizing care, it does not substitute

the know-how of a certified and trained stroke case man-

ager as appointed in our program. On the other hand, a

large number of patients refused to participate in the pro-

gram from the beginning mostly due to unspecific rea-

sons, for example, no personal need for intensified care,

refusal of home visits through the case manager. As a

consequence informational discussions need to be further

intensified by the case manager in order to promote

awareness for secondary stroke prevention.

To the best of our knowledge, this is the first study

that prospectively investigates a post-stroke care program

accomplished through a certified case manager with

scheduled and nonscheduled appointments. In contrast,

other prevention programs were exclusively telephone-

based or relied on the patients’ attendance to outpatient

appointments (Leistner et al. 2012; Irewall et al. 2014;

McAlister et al. 2014). A recent study comparing usual

outpatient care with an organized post-stroke program in

patients with minor stroke and TIA showed that about

25% of patients who initially agreed to participate did

not attend the scheduled outpatient follow-up appoint-

ments (Leistner et al. 2012). Such low outpatient visit

adherence may be overcome by complementary contacts

initiated by a case manager with a 12-month final home

visit as deployed in our prevention program resulting in a

follow-up attendance of 85%. Nonetheless, considerable

efforts were necessary during our 1-year program to

accomplish such attendance rate.

As opposed to other post-stroke services, essential con-

tent of our program was the achievement of vascular risk

factor goals proven effective in secondary stroke preven-

tion and recommended by most stroke guidelines (Euro-

pean Stroke Organisation (ESO) Executive Committee,

ESO Writing Committee, 2008; Kernan et al. 2014; Ire-

wall et al. 2014; Andersen et al. 2000; Claiborne 2006). In

our case–control analysis, all patients receiving SOS Care

achieved target goals for blood pressure and cholesterol

levels at the closing visit whereas only a half to two-thirds

of control patients fulfilled predefined risk factor targets.

We speculate that these improved success rates for two of

the most important modifiable risk factors for ischemic

stroke may at least partly result from the individual inter-

ventions provided by the case manager. Two recent stroke

prevention programs providing scheduled outpatient

appointments in the first 6 months after the index event

resulted in slightly lower success rates for blood pressure

and cholesterol risk factor control (Leistner et al. 2012;

McAlister et al. 2014). Our pilot results, therefore, allow

the generation of the hypothesis that combinatory regular

and off-schedule individual contacts are superior to solely

prescheduled appointments. Also, our results reflect case

management guidance for 12 months and this prolonged

follow-up may further contribute to risk factor control in

long term. The unusual high antiplatelet and anticoagu-

lant medication adherence rate in the control group pre-

cluded any conclusion on the effect of the interventions

made in the SOS Care patients. It cannot be determined

whether this was because of an anomaly in the control

group or a lack of effect of the intervention. However, as

compared with adherence rates reported in the literature,

our achieved rates appear much higher (Bushnell et al.

2011; Leistner et al. 2012). Lastly, levels of patients’ satis-

faction and quality of life – both increasingly recognized

as important patient-reported outcomes in acute stroke

trials – were significantly higher in those receiving orga-

nized post-stroke than usual care and therefore may have

contributed to overall sufficient risk factor control in our

study patients as previously suggested by the AVAIL reg-

istry (Bushnell et al. 2011). Although our positive results

on functional outcome, stroke recurrence, and vascular

death point to a signal of efficacy of case management-

based post-stroke care, it needs to be acknowledged that

our study design does not allow definite conclusions in

this matter and therefore should be validated in larger

prospective trials.

Our study has limitations. First, our results are limited

by the small number of cases. However, this study
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presents results of a pilot phase with limited funding

available and only one single case manager was deployed

in our program. Although this case manager run the pro-

gram on a full-time basis, the maximum number of

includable patients was restricted by the manager’s overall

capability. Second, endpoints were not compared at equal

time points since SOS care patients were enrolled

prospectively, whereas controls were selected according to

our stroke database and eventually followed up later than

cases. Besides, lack of standardization of usual care may

have introduced bias to the results. Third, we cannot pro-

vide data on patients who refused to participate in the

program, but it can be assumed that motivated patients

have completed the pathway introducing bias toward the

intervention group. Fourth, the NIHSS at admission dif-

fered between groups; however, although the SOS Care

group was less severely affected at baseline no differences

with regard to discharge functional status were apparent

between cases and controls.

The strengths of our study include the prospective

design of the post-stroke pathway with strict implementa-

tion of evidence-based recommendations of current stroke

guidelines, the overall high availability of a single case

manager, the prospective assessment of variables of inter-

est in control patients and the high follow-up attendance

rate for cases and control patients. Additionally, our study

generated pilot data for sample size calculations for fol-

low-up studies with larger populations to confirm our

findings and assess their generalizability in a multicenter

approach with a projected sample size of 100 patients per

group.

Conclusions

Our pilot data suggest that organized post-stroke care

enhances achievement of secondary prevention goals. Its

possible effect on stroke recurrence, long-term disability,

and quality of life is currently investigated in a prospec-

tive cohort study.
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