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Summary

OBJECTIVES: To compare the long-term effects of com-
prehensive outpatient versus inpatient rehabilitation with
respect to morbidity and mortality, as well as to changes in
physical performance and physical activity.

DESIGN: A total of 163 consecutive patients were en-
rolled for comprehensive cardiac rehabilitation (CCR) fol-
lowing a recent coronary event, to outpatient or inpatient
CCR according to treatment preference because random-
isation was accepted by only 4 patients. CCR was six hours
per day for 4 weeks and consisted of exercise training,
education, psychological support, and nutritional and oc-
cupational advice. Examinations were before, after and 12
months after CCR. Primary outcome measures were event-
free survival with or without interventions, EFS-I or EFS,
respectively, 12 months after rehabilitation

RESULTS: Main patient characteristics were distrib-
uted equally in the cohorts. Results were adjusted by logist-
ic regression for age, BMI, LV-function, exercise capacity
and physical activity before the event. Adjusted EFS, EFS-
I , overall survival and other morbidity outcome measures
did not differ significantly. During CCR, physical activ-
ity was higher in outpatients, but this difference was not
maintained in the follow up. Average physical activity was
increased 12 month after CR with no difference between
groups.

CONCLUSION: Although influenced by patient pref-
erence, participation in either inpatient or outpatient CCR
led to comparable results in terms of all-cause or cardiac
overall survival, event-free survival and other secondary
outcome measures like cardiac morbidity, physical per-
formance and increased physical activity.

Key words: patient preference; mortality; morbidity;
physical activity

Introduction

Although overall mortality from cardiac diseases and
coronary heart disease (CHD) in particular is decreasing,
CHD it is still the major cause of death in western coun-
tries. Even patients that survive ST-elevation myocardial
infarction have a risk of dying during the next 12 months in
the range of 3–25%, depending on their individual risk [1].

To reduce post-infarction mortality, exercise-based car-
diac rehabilitation has been evaluated and subsequently
proven as being an effective approach in secondary preven-
tion [2, 3], resulting not only in less deaths but also in an
improved quality of life [4, 5]. In Germany, comprehens-
ive cardiac rehabilitation (CCR) is a well established com-
ponent in the sequence of medical care for patients having
had a coronary event like myocardial infarction, unstable
angina, coronary intervention or coronary bypass surgery
[6–10]. CCR is usually employed within the first fourteen
days after discharge from the hospital and consists of en-
durance training, walking, small games and education on
health promoting habits like weight reduction and smoking
cessation. CCR is mostly performed in rehabilitation hos-
pitals which are traditionally situated in rural areas that are
supposed to have a health-promoting climate [6]. This set-
ting is an “ideal type” setting where the patient is assumed
to change habits and “regenerate” from the disease, and this
setting is also partly found in the social security systems
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of Switzerland and Austria. However, recovery is much re-
lated to the social relations and functions of a patient [11]
which can be disturbed by such a setting, and a possible so-
cial isolation may have negative effects like promoting so-
matisation.

Since a majority of patients from the working popula-
tion to date live in urban areas, increasingly patients wish
to conduct CCR near their domicile in an outpatient setting.
Therefore, outpatient CCR has also been started in Ger-
many, gaining promising results [6–9, 12]. However, the
quality and efficacy of outpatient CCR has not yet been
compared with the classical German inpatient CCR. The
SARAH trial (Stationäre versus ambulante Rehabilition
nach akutem Herzereignis) addressed this question by in-
vestigating long-term effects of inpatient and outpatient re-
habilitation for cardiac diseases.

Methods

Study design, patient population and characteristics
The study was carried out according to the Declaration
of Helsinki and was approved by the Institutional Ethics
Board of Ulm University. Written informed consent was
obtained from all participants. Patient enrolment began in
July 2002 and ended in September 2004. A total of 163 pa-
tients were included. All patients had coronary heart dis-
ease that had recently led to a coronary event such as ST-el-
evation myocardial infarction (STEMI), Non-ST-elevation
myocardial infarction (NSTEMI) or unstable angina.

The study was planned to be conducted in a compre-
hensive cohort design, which means that a randomisation
procedure was intended [13]. After patients had agreed to
participate in the study, patients could either be randomised
to inpatient versus outpatient CCR or if randomisation was
rejected patients were offered the option of choosing the
treatment arm according to their preference [14].

Patients were medically evaluated at the beginning and
the end of CCR. Assessment included history, physical ex-
amination, anthropometry, electrocardiogram and laborat-
ory tests. Physical performance was determined in an all-
out stepwise increased cycle ergometer test (25 watt, 25
watt increase each 2 min). Echocardiographically determ-
ined LV function was assessed from normal (1) to severely
reduced (4).

Self reported physical activity during the last 12
months was determined with a questionnaire adapted from
a large German cardiac register (MONICA/KORA) asking
for a patient’s engagement in sports in hours/per week (15).
Secondly, activity was measured during CCR by an ac-
celerometer (ActiTrac, IM Systems, Baltimore, USA) at-
tached to the patient’s lower leg over two to three days.

Patients’ follow up visits were scheduled at 6 weeks, 6
and 12 months after completion of rehabilitation. At those
time points, the same tests as in the beginning and the end
of rehabilitation were performed.

Recruitment
Possible participants were identified from the catheter lab
of the Ulm University Hospital, Germany, and were en-
rolled two to five days after the acute event. All patients

admitted to acute care for an acute coronary event, such as
ST elevation MI, non-ST elevation MI or unstable angina
were considered for recruitment. The main inclusion cri-
teria were existence of angiographically proven coronary
stenosis as the cause of the event, age between 30 to 65
years, and distance from the patient’s residence to the po-
tential outpatient rehabilitating institution of not more than
50 km. Patients of other ages, patients with severe complic-
ations, and unstable patients (e.g. patients treated at the in-
tensive care unit, patients with concomitant coronary oper-
ations, or patients transferred to other hospitals or hospital
departments) were not screened.

Intervention
Patients in either an inpatient or outpatient setting were
subjected to CCR for six hours per day on average. The
major elements on the schedule were endurance training
on the cycle ergometer, strength and flexibility training and
small games (approx. 45% of CCR time), medical educa-
tional sessions (approx. 15%), psychological support (e.g.,
stress management, individual therapy, relaxation tech-
niques; approx. 20%), professional nutritional advice (ap-
prox. 15%), and social or occupational advice (approx.
5%). The CCR programme was standardised according to
pension fund regulations before the study. There were no
differences between the institutions except application of
physical therapy (6.4% inpatients vs. 1.6% outpatients) and
tendencies in recreational measures (18.1% vs. 11.0%) and
sports (41.5 % vs. 54.1%). The outpatients had to travel by
public transportation (bus, train) or by car each day, and
could perform house hold and social activities.

Efficacy measures
As the primary combined outcome measure, event-free sur-
vival (EFS) and its association with the setting of rehabil-
itation (inpatient or outpatient, respectively) was defined.
Event-free survival was calculated for the following
events: myocardial infarction, stroke, heart failure, life-
threatening rhythm events, unstable angina and death. A
further combined outcome measure was interventional
(EFS-I) comprised of percutaneous coronary intervention
(PCI) or coronary artery bypass graft (CABG). Secondary
predefined binary outcome measures were overall mortal-
ity, and occurrence or recurrence of one of the above men-
tioned events.

Members of a central committee who were unaware of
study-group assignments adjudicated potential binary out-
comes as reported by the investigators.

Quantitative secondary outcome measures during re-
habilitation and follow up consisted of body-mass-index
(BMI) expressed as kg/m2, and exercise performance.
Physical activity was assessed by a questionnaire before
CCR and at follow up, and was measured by accelerometer
during CCR.

Statistical analysis
Binary outcome measures were depicted as cross-tables
and analysed using Fisher’s exact test. For non-randomised
patients, due to potential predefined confounders adjust-
ments were made applying the logistic regression method.
Potential predefined confounders were: left ventricular
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function, gender, body mass index, age, maximal perform-
ance in the ergometer test before rehabilitation, and physic-
al activity before the acute event (moderate and high activ-
ity levels).

For secondary metric data, the two-sided t-test was ap-
plied. For ordinal data the non-parametric Mann-Whitney
U-test was used. All tests were computed using SPSS 16.0
statistical package.

Results

Patient characteristics
Between July 2002 and September 2004, 360 patients were
screened for eligibility of which 99 met the exclusion cri-
teria and 98 otherwise eligible patients refused to parti-
cipate. Of the remaining patients, only four (2.5%) agreed
to randomisation. In total, 163 patients were included of
which 51 were enrolled in the outpatient CCR and 112
were in the inpatient CCR (fig. 1). The evaluation of effects
as presented here was finally possible for 105 patients of
the inpatient arm and 41 patients of the outpatient arm,
due to drop outs and losses at follow up (fig. 1). Gender,
age, BMI and smoking status did not differ significantly
between both groups (table 1).

The rate of ST-elevation myocardial infarction was
81.8 % (inpatient) and 67.3% (outpatient). The rate of non-
ST-elevation myocardial infarction was 14.5% vs. 30.6%,
which was not a statistical significant difference (p = .058).
LV function was not different, 11.7 vs 10.3% with moder-
ately to severely reduced LV function. There was a signific-
ant difference in maximal performance (p <0.001). STEMI
and maximal performance were included as possible con-
founders in the statistical analysis. More baseline charac-
teristics are described in the concomitant analysis by Sch-
weikert et al. [14].

Figure 1

Patient flow. all patients aged 30–65 with acute coronary syndrome
(ACS) at day 2 to 5 after ACS during the study period were
considered for eligibility.

*fatal cases included in analysis

Morbidity and mortality
Adjusted event-free survival (EFS) was not different in the
groups, with 21.9% of patients having an event in the in-
patient group and 17.1% in the outpatient group (odds ra-
tio: 0.68 (0.16–2.84) in favour of outpatients, p = 0.650),
after all results were adjusted by logistic regression for
confounders: age, BMI, LV-function, exercise capacity and
physical activity before the event. When interventions (PCI
or CABG) were also counted as events (EFS-I), the differ-
ence between groups was higher with 35.3% in inpatients
and 46.3% in outpatients (p = 0.341).

A detailed analysis revealed a considerable but non-sig-
nificant difference in the frequency of PCI, with 34.3% in
the inpatient and 43.9% in the outpatient arm (p = 0.257),
which contributed largely to the greater difference in EFS-I
between the two groups (table 2).

Both groups did not significantly differ in the rate of
myocardial infarction, stroke, heart failure, life-threatening
arrhythmias, unstable angina, rate of CABG or death. As in
the outpatient group, one patient had a new onset of angina
and one patient died during CCR; an as-treated analysis
was performed with no difference in the calculated out-
come (table 3).

Physical performance
At baseline, physical performance of inpatients and out-
patients differed (98.5 ± 26.3 W vs. 129.2 ± 42.1 W, p
<0.001). During CCR, (adjusted) change of performance
increased significantly in both groups (32.8 (26.2–37.4) W
vs. 21.9 (12.0–31.8) W, mean increase and 95% confid-
ence interval, respectively, difference: p = 0.096). During
follow up, the adjusted increase in performance was 41.7
(30.9–52.5) W vs. 20.7 (0.122–41.4) (W, difference: p =
0.091).

Physical activity
Before CCR, leisure time related physical activity was not
different and 10% of inpatients had an activity of more
than 2 hours per week, and 26% more than 1 hour/week
(10.8 vs. 54.2% in outpatients), with no significant dif-
ference, p = 0.815 and p = 0.843, respectively. At follow
up, these activity rates increased and 23.1% of inpatients
had an activity of more than 2 hours per week, and 49.1
% had more than 1 hour/week (30.8 vs. 54.2% in outpa-
tients), with significance values of p = 0.721 and p = 0.807
between groups for the activity rates. The overall change in
reported activity at follow up was significant also after ad-
justment for covariates (p <0.001).

The accelerometric measurement during CCR revealed
68.9% of recorded time was spent inactive in inpatients
compared to 60.0% in outpatients (difference 8.9%, p =
0.003). Furthermore, inpatients spent significantly more
time in the range of low activity than outpatients (p <.001).
Conversely, inpatients spent less time with medium activit-
ies.

Body mass index (BMI)
BMI was similar in both groups (table 1). At 12 months
after CCR, BMI in inpatients increased (+0.69 kg/m2) and
slightly decreased in outpatients (–0.27 kg/m2). Multivari-
ate analysis after adjustment for physical activity, maximal
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performance, age, gender, and LV-function revealed no dif-
ference between the in- and outpatients. After 12 months,
there was no difference in either the univariate or in mul-
tivariate analysis. Performing a complete case analysis, no
different trend could be observed; the whole study popu-
lation significantly gained weight during follow-up (from

27.4 at baseline to 28.4 at 12 months, p = 0.005) with no
difference between groups (p = 0.845).

Table 1: Baseline characteristics of study sample (n = 163).

Inpatient (n = 112) Outpatient (n = 51)
n n

Age (mean ± sd) 112 56.7 ± 9.9 51 54.4 ± 10.3

Gender (% male pts.) 112 78 51 76

LV function1 (mean ± sd) 103 1.43 ± 0.66 39 1.54 ± 0.76

Reduced LV function2

(% grade 3 + 4 pts.)
103 11.7 39 10.3

STEMI (% of all patients)3 90 81.8 33 67.3

BMI (mean ± sd) 105 27.3 ± 4.6 40 28.2 ± 5.0

Maximal performance (Watt, mean ± sd) 103 98.5 ± 26.3 41 129.1 ± 42.1

Current smoker 105 30 41 9
1 Ordinate measure ranging from 1 (normal) to 4 (severely reduced) left ventricular function
2 The same measure, with pooled analysis for grade 1 and 2, or 3 and 4, respectively
3 ST-elevation myocardial infarction

Table 2: Event-free survival (EFS) calculated as combined outcome measure without PCI / CABG, with PCI, with CABG and EFS-I (EFS with interventions) with PCI /
CABG. The table gives the absolute and relative incidents, the crude odds ratios and the adjusted odd ratios after logistic regression for in- and outpatients1.

Inpatient Outpatient Crude results
Crosstables

Adjusted results
Logistic regression1

events / pts. (%) events / pts. (%) Odds ratio2 Confidence intervall p-value
(2-sided)

Odds ratio2 Confidence intervall p-value

EFS: Combined outcome measure w/o
PCI / CABG

23 / 105 (21.9) 7 / 41 (17.1) 0.713 0.288–1.871 0.650 0.678 0.162–2.838 0.595

Combined outcome measure
with PCI

36 / 105 (34.3) 18 / 41 (43.9) 1.500 0.718–3.134 0.341 1.706 0.603–4.829 0.314

Combined outcome measure with CABG 24 / 105 (22.9) 9 / 41 (22.0) 0.949 0.398–2.262 1.000 1.143 0.313–4.143 0.839

EFS-I: Combined outcome measure
with PCI or CABG

37 / 105 (35.3) 19 / 41 (46.3) 1.5987 0.763–3.303 0.257 1.952 0.692–5.509 0.206

1 for adjustment, logistic regression analysis was performed employing the covariates age, gender, body mass index, maximum performance on the cycle ergometer before
rehabilitation, left ventricular function and physical activity before the acute cardiac event
2 values <1.0 favour outpatient rehabilitation

Table 3: Secondary outcome measures of morbidity and overall mortality. The table gives the absolute and relative incidents, the crude odds ratios and the adjusted odd
ratios after logistic regression for in- and outpatients1.

Inpatient Outpatient Crude results
Crosstables

Adjusted results
Logistic regression4

events / pts. (%) events / pts. (%) Odds ratio1

(confidence interval)
p-value
(2-sided)

Odds ratio4

(confidence interval)
p-value
(2-sided)

Myocardial infarction 3 / 105 (2.9) 2 / 40 (5.0) 1.789
(0.288–11.128)

0.616 –5 –5

Cerebral ischeamia 3 / 105 (2.9) 0 / 41 (0) 0.353
(0.018–6.982 )

0.559 –5 –5

Heart failure 0 / 105 (0) 1 / 41 (2.4) 7.815
(0.312–195.8)

0.281 –5 –5

Severe rhythm event 2 / 105 (1.9) 0 / 41 (0) 0.499
(0.023–10.613)

1.000 –5 –5

New onset angina or recurrent angina2 17 /105 (16.2) 4 / 41 (9.8) 0.560
(0.176–1.776)

0.4342 0.55
(0.11–2.91)

0.49

PCI 23 /105 (21.9) 14 / 41 (34.1) 1.849
(0.836–4.090)

0.142 2.510
(0.788–7.995)

0.119

CABG 3 /105 (2.9) 2 / 41 (4.9) 1.744
(0.281–10.835)

0.620 1.898
(0.156–23.072)

0.615

Death3 5 / 105 (4.8) 1 / 41 (2.4) 0.500
(0.057–4.415)

0.4593 –5 –5

1 values <1.0 favor outpatient rehabilitation
2 As-treated analysis (only events after completion of rehabilitation): adjusted p = 1.00
3 As-treated analysis (only events after completion of rehabilitation): adjusted p = 0.29
4 for adjustment, logistic regression analysis was performed employing the covariates age, gender, body mass index, maximum performance on the cycle ergometer before
rehabilitation, left ventricular function and physical activity before the acute cardiac event
–5 Logistic regression was not possible because of low event rate
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Discussion

As a consequence of a particular historical development,
rehabilitation after myocardial infarction and other cardiac
events in Germany is, for the most part, conducted in an in-
patient setting in specialised facilities [6, 7]. Due to the de-
mands of urban work and social life, CCR is increasingly
offered in an outpatient setting. The efficacy of this ap-
proach with respect to mean maximum performance and
lipid management has been demonstrated recently [2, 7, 9,
16–19]. The aim of this study was to add additional inform-
ation to this topic by directly comparing the effects of in-
patient and outpatient rehabilitation, with an emphasis on
long term outcome.

The primary research question was explorative evalu-
ation of the new outpatient setting. As the first University
hospital in Germany, we established a cardiac outpatient re-
habilitation unit and compared it to a “gold standard” in-
patient rehabilitation hospital in a prospective study which
included not only the rehabilitation but also a follow up
period of 12 months.

It was very complicated to achieve approval for such a
prospective study. Since the certification process for such
outpatient units is very complicated in Germany, a multi-
centre approach to increase patient numbers was not pos-
sible and would not have been financed. Furthermore, a
blinded randomisation independent of patient’s preferences
with a control group was not possible due to social legis-
lation in Germany. The grant funded a specific time period
and all willing patients who were able able to take part in
the study were included.

We intended to include 200 patients within 2 years
based on the analysis of patient structure in the referring
clinic. This number seemed to be high enough to enable
an adjusted multivariate analysis for 3–6 confounders. As
we had no other information (e.g. no estimation on the pa-
tients’ agreement on randomisation), a detailed calculation
of samples size was not possible in advance.

An initial result of this study revealed a low acceptance
of randomisation among eligible patients, or in other terms
97.5% of patients showed a strong preference for either
of the two rehabilitation settings. The determinants and
factors contributing to this preference would be worth fur-
ther investigation and should be taken into account for sub-
sequent trials in this field.

Regarding overall survival and event-free survival
(EFS) as well as particular events separately (e.g., infarc-
tion, bypass surgery), the effects of rehabilitation were sim-
ilar in both treatment groups and are in a low risk range
compared to other studies [17, 20, 21]. The broadest dif-
ference was observed when comparing PTCA rates or EFS
comprising of PTCA, respectively. However, these differ-
ences were far from reaching statistical significance, and
might be due to access barriers, in that the facility perform-
ing outpatient rehabilitation was connected to a cardiology
department, whereas the inpatient facility was not. There
was also no difference for secondary outcomes.

Regarding secondary outcome measures, we observed
an increase of physical performance during CCR in both
groups, like in previous studies [2, 18, 19], which was
stronger in the inpatient group due to a lower baseline per-

formance. This gain of performance was at least main-
tained for twelve months after in both groups.

Patients that chose outpatient rehabilitation spent about
9% more time of the day in an active state, compared
to the inpatient group during CCR. Moreover, ambulatory
patients spent more time with occupations in the highest
activity level and less time in occupations with the lowest
activity level, when compared to those in the outpatient set-
ting, for which findings were vice versa. This difference
was not maintained in the reported activity at follow up.
In general, the increase in activity was considerably high
in both groups as the percentage of reporting more than 2
hours exercise per week nearly doubled.

Similarly, physical performance increased in both inter-
vention groups until follow up.

Finally, as seen in similar trials [4, 6, 9], despite suc-
cessful intervention in terms of maximum performance,
there was a significant weight gain of 1kg from baseline to
the 12 month follow-up.

Adherence to the prescribed rehabilitation measures
can impact on the outcome of the rehabilitation program;
it can be useful to assess possible predictors of adherence,
such as illness perception, psychological distress or self-
efficacy. Still, we did not observe a lack of adherence,
since during the actual course of rehabilitation considerable
control was exerted as demonstrated by the fact that only
one patient of the whole study population dropped out
during rehabilitation. Furthermore, during follow-up pa-
tients could maintain or even increase their individual per-
formance level on average. In the present analysis, we
could demonstrate that general daily activities could be re-
markably increased by CCR in the follow up-period of 12
months. We could not demonstrate that the higher activity
in outpatient CCR translated to higher activity and maxim-
um performance compared to inpatients, which was prob-
ably due to the study size. However, we could demonstrate
furthermore that these effects translated to improved qual-
ity of life [14].

The small but considerable weight gain comparing
baseline values to the follow-up recordings, as it was ob-
served in this study as well as in former trials [4, 9, 19, 22],
suggests insufficient risk factor control [23]. As a conse-
quence, both exercise and motivational intervention should
be tailored more towards increasing daily activity (also out-
side rehabilitation) rather than focusing on increasing max-
imum performance (mainly inside rehabilitation). On the
other hand, an increased fat free body mass could have the
same effect on BMI and would be beneficial and would
lower morbidity and mortality [5, 24, 25]. However, this is
hypothetical and should be addressed in future trials.

This study has the limitation that interventions could
not be compared in a randomised fashion which possibly
might result in selection bias. Primarily, the study was in-
tended as a comprehensive cohort study [13] with incorpor-
ated randomised arms. However, patients rarely complied
with randomisation but chose according to their preferen-
ces, resulting in only 2.5% of patients consenting to being
randomised; which may be typical for expectations of Ger-
man patients [6, 7]. Therefore, the study had to be conduc-
ted and analysed as an observational trial [13]. Still, both
intervention groups at baseline were well balanced in most
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regards [14]. There was only a statistically significant im-
balance between the study groups with respect to physical
performance. In order to handle the limitations of the co-
hort design properly, all results were adjusted by logistic
regression for all relevant confounders.

However, there might be additional limitations due to
the relatively limited number of patients which make it dif-
ficult to detect smaller differences. For example, the repor-
ted smoking status was low (table 1) and did not change
after 12 months. Although smoking is a major risk factor,
in this study it explained no differences between the groups
in the multivariate analysis, mainly due to underreporting
and small numbers.

Taken together, despite the limitations of this trial, its
results suggest that comprehensive outpatient and inpatient
cardiac rehabilitation programs lead to comparable out-
comes in terms of morbidity and mortality; this is under-
scored by the cost-effectiveness of outpatient rehabilita-
tion in the concomitant analysis by Schweikert et al. [14].
Therefore, this form of rehabilitation service has positive
effects on the health related costs in the year following the
acute cardiac event. CCR increased physical activity and
physical performance for 12 months which underlines the
effects of structured rehabilitation programs in Germany.
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