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Patrick Meybohm, MD, MHBA;* Madeline Kohlhaas;* Christian Stoppe, MD; Matthias Gruenewald, MD; Jochen Renner, MD; Berthold Bein,
MD; Martin Albrecht, PhD; Jochen Cremer, MD; Mark Coburn, MD; Gereon Schaelte, MD; Andreas Boening, MD; Bernd Niemann, MD;
Michael Sander, MD; Jan Roesner, MD; Frank Kletzin, MD; Haitham Mutlak, MD; Sabine Westphal, PhD; Rita Laufenberg-Feldmann, MD;
Marion Ferner, MD; Ivo F. Brandes, MD; Martin Bauer, MD; Sebastian N. Stehr, MD; Andreas Kortgen, MD; Maria Wittmann, MD;
Georg Baumgarten, MD; Tanja Meyer-Treschan, MD; Peter Kienbaum, MD; Matthias Heringlake, MD; Julika Schoen, MD;

Sascha Treskatsch, MD; Thorsten Smul, MD; Ewa Wolwender, MD; Thomas Schilling, MD; Georg Fuernau, MD; Holger Bogatsch;

Oana Brosteanu, PhD; Dirk Hasenclever, PhD; Kai Zacharowski, MD, FRCA; the RIPHeart (Remote Ischemic Preconditioning for Heart
Surgery) Study Collaboratorst

Background—Remote ischemic preconditioning (RIPC) has been suggested to protect against certain forms of organ injury after
cardiac surgery. Previously, we reported the main results of RIPHeart (Remote Ischemic Preconditioning for Heart Surgery) Study, a
multicenter trial randomizing 1403 cardiac surgery patients receiving either RIPC or sham-RIPC.

Methods and Results—In this follow-up paper, we present 1-year follow-up of the composite primary end point and its
individual components (all-cause mortality, myocardial infarction, stroke and acute renal failure), in a sub-group of patients,
intraoperative myocardial dysfunction assessed by transesophageal echocardiography and the incidence of postoperative
neurocognitive dysfunction 5 to 7 days and 3 months after surgery. RIPC neither showed any beneficial effect on the 1-year
composite primary end point (RIPC versus sham-RIPC 16.4% versus 16.9%) and its individual components (all-cause
mortality [3.4% versus 2.5%], myocardial infarction [7.0% versus 9.4%], stroke [2.2% versus 3.1%], acute renal failure [7.0%
versus 5.7%]) nor improved intraoperative myocardial dysfunction or incidence of postoperative neurocognitive dysfunction 5
to 7 days (67 [47.5%] versus 71 [53.8%] patients) and 3 months after surgery (17 [27.9%] versus 18 [27.7%] patients),
respectively.

Conclusions—Similar to our main study, RIPC had no effect on intraoperative myocardial dysfunction, neurocognitive function and
long-term outcome in cardiac surgery patients undergoing propofol anesthesia.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT01067703. (/ Am Heart Assoc. 2018;7:
e€008077. DOI: 10.1161/JAHA.117.008077.)
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postoperative neurocognitive dysfunction (POCD) 5 to 7 days

Repeated short episodes of ischemia and reperfusion of
and 3 months after surgery.

non-vital tissues have been shown to reduce organ
injury of remote vital organs in patients undergoing cardiac
surgery, a phenomenon known as remote ischemic precon-
ditioning (RIPC)."? However, the results of existing studies are
inconsistent. While most of previous studies including our
RIPHeart (Remote Ischemic Preconditioning for Heart Surgery)
Study® primarily focused on short term outcomes,*® few
evidence exists about RIPC" s potential effect on mid- to long-
term outcomes.’
Here, we present the 1 year follow-up data, and in a sub-

Methods

The data, analytical methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Design

cohort of patients, myocardial dysfunction assessed by
transesophageal echocardiography and the incidence of

In this prospective, randomized, double blind, multicenter,
parallel group controlled study adult cardiac surgical patients
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Clinical Perspective

What Is New?

* Little evidence exists about remote ischemic precondition-
ing’s potential effect on mid to long-term clinical outcome.

* Here, we show that remote ischemic preconditioning may
not have beneficial effects on intraoperative myocardial
dysfunction, neurocognitive dysfunction or 1-year follow-up
on mortality, myocardial infarction, stroke, and acute renal
failure.

What Are the Clinical Implications?

» These results suggest that remote ischemic preconditioning
may have no effect on clinical outcomes in cardiac surgery
patients.

were screened between January 2011 to May 2014. In total
1403 patients underwent randomization. The study included
patients (aged >18 years, female and male) scheduled for any
elective cardio-vascular surgery requiring cardiopulmonary
bypass, after written informed consent. Key exclusion criteria
were related to specific surgical procedures (eg, off-pump
heart surgery, urgent surgery) and to patients with severe
organ dysfunction (eg, ejection fraction <30%, severe renal

RIPC was induced by 4 x 5 minutes cycles of ischemia/
reperfusion using a manual blood pressure cuff after induction
of propofol-based anesthesia. A dummy-arm with a second
blood pressure cuff was used and applied in accordance to
the RIPC protocol to the sham-RIPC group.

Long-Term Follow-Up

The assessment of 1-year follow-up was a predefined
secondary analysis of a binary composite complication
rate defined by all-cause mortality, non-fatal myocardial
infarction, any new stroke, and/or acute renal failure.
In volunteering centers, intraoperative myocardial dysfunc-
tion and the incidence of postoperative neurocognitive
dysfunction were assessed in a non-selected sub-cohort of
patients.

Intraoperative Myocardial Performance

Myocardial dysfunction was assessed by transesophageal
echocardiography before and 30 minutes after cardiopul-
monary bypass including fractional shortening (by Teichholz),
left ventricular end-diastolic volume (by Simpson), left
ventricular ejection fraction (by Simpson and by Teichholz),

failure). The ethics committees of the University of Kiel,
Germany, and all the other participating centers approved of
the study protocol, patient information, and informed consent atrialhax ratio (E/A ratio), left ventricular end-systolic volume
was received from all patients. Further details and the main (by Simpson), mitral close-to-open time (MCO, end A to
primary end point have previously been published.®'° end E).

left ventricular ejection time, maximal speed in left ventricular
outflow tract Vi, deceleration time (DTgany), €arlymax/
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Neurocognitive Assessment

POCD was evaluated by a comprehensive neurocognitive test
battery, as we have previously used in a pilot study.> POCD
was assessed 1 day before, 5 to 7 days and 3 months after
surgery in accordance with the “Statement of Consensus on
the Assessment of Neurobehavioral Outcome After Cardiac
Surgery” for cardio surgical patients.'"'? First, Mini-Mental
State Examination (MMSE) test was performed, and detailed
POCD analysis was only continued in patients with MMSE >24
points. POCD sub-tests included the four main domains:
memory, motor skills, attention and executive function.
Memory included the Rey’s Auditory Verbal Learning Test
(RAVLT: RAVLT 1-3, RAVLT LT), motor skills the Purdue
Pegboard Test (PBT: dominant and non-dominant), attention
the Stroop Color Word Interference Test (STROOP: STROOP I,
STROOP II, STROOP lll), the Trail Making Test (TMT), Digit
Span Test (Digit span: forward and backwards) and the Digit
Symbol Substitution Test (DSST), and executive function the
Verbal Fluency Test (VFT: semantic and phonetic).

Statistical Analysis

One-year estimates with 95% confidence interval for the
composite end point and its components were derived from
respective time to event or cumulative incidence curves;
patients with shorter follow-up were censored at the end of
their observation period. Death was treated as a competing
risk factor in analyzing components. Arm comparisons are
based on proportional hazard models adjusting for the
stratification variables EuroSCORE, diabetes mellitus status
and the concomitant use of cholesterol or lipid lowering
medications, and incorporated study centers as a random
effect by the logistic regression adjusting, to evaluate the
therapeutic effect.

Transesophageal echocardiography data were analyzed
using a general linear model with repeated measures (pre- and
post-operative) and randomization group (RIPC and sham-
RIPC) as between subject factor.

Analysis of POCD data were in accordance to the analysis
performed previously.’ The 1 standard deviation (SD) criterion
and the summarized Z-score were determined to analyze the
individual change in performance. Except for MMSE, RAVLT 1
to 3, RAVLT LT, DSST and the VFT tests, all data underwent a
logarithmic transformation. The 1-SD criterion was used to
analyze how many patients of each group were cognitively
deteriorated or potentially improved. A cognitive change was
assumed if the preoperative to postoperative difference in >2
tasks assessing different cognitive domains (memory, motor
skills, attention and executive function) exceeded >1-SD of
the corresponding preoperative test (1-SD criterion). The
Z-score criterion was performed test-specifically and as the

sum of each Z-score (postoperative result subtracted from
preoperative test result, divided by the preoperative SD of the
group) to analyze the individual change in performance. If
required the algebraic sign was changed so that a positive
discrepancy indicated deterioration, a negative discrepancy
improvement. The sum of each Z-score for all tests was
calculated and the patients in the treatment groups were
compared using a 1-way ANOVA. In case of Z-scores >1.96 on
2 individual tests or the combined Z-score, POCD was
assumed.

Results
No Beneficial Effect of RIPC After 1 Year

No significant differences 1 year after surgery could be found
between the groups (RIPC versus sham-RIPC) on the
composite primary end point (16.4% versus 16.9%) and its
individual components (all-cause mortality 3.4% versus 2.5%,
myocardial infarction 7.0% versus 9.4%, stroke 2.2% versus
3.1%, and acute renal failure 7.0% versus 5.7%; Table 1). The
Kaplan—Meier-Plot shows the event-free time to primary end
point in the RIPC and the sham-RIPC group up to 1 year after
surgery (Figure). The between-group differences were not
significant.

No Significant Differences Between the Groups in
Myocardial Dysfunction

In 808 of 1403 patients (58.2%) intraoperative trans-
esophageal echocardiography was documented (RIPC:
n=397, sham-RIPC n=411). After cardiopulmonary bypass,
earlynax/atrialax ratio (systole) as well as left ventricular
outflow tract V .,y left ventricular ejection fraction, fractional
shortening (Teichholz), left ventricular ejection fraction (Teich-
holz) and MPI (diastole) were increased, while deceleration

Table 1. Long-Term Follow-Up

Variable RIPC (n=692)
16.4 (13.6-19.1)

Sham-RIPC (n=693)
16.9 (14.0-19.6)

Composite end
point (365 d after
surgery)—(%)

All-cause mortality 3.4 (2.0-4.8) 2.5 (1.3-3.7)
Myocardial infarction 7.0 (5.0-8.9) 9.4 (7.2-11.7)
Stroke 2.2 (1.0-3.3) 3.1 (1.8-4.4)
Acute renal failure 7.0 (5.0-8.9) 5.7 (3.9-7.4)

Rate estimates with 95% confidence interval were derived from respective time to event
or cumulative incidence curves; patients with shorter follow-up were censored at the end
of their observation period. Death was treated as a competing risk factor in analyzing
components. RIPC indicates remote ischemic preconditioning.
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Figure. Kaplan-Meier-plots of proportion event-free time to primary end point. Kaplan—Meier-Plots are
shown for the two intervention groups. Event-free survival did not differ significantly between the two
intervention groups (Cox regression analysis, with adjustment for the stratification variables). RIPC

indicates remote ischemic preconditioning.

time (DTeany) (Systole) as well as left ventricular outflow tract
VTI, left ventricular ejection time, mitral close-to-open time,
left ventricular end-diastolic volume and left ventricular end
systolic volume (diastole) were decreased irrespective of
group assignment (Table 2). Comparing the randomization
group effect on before-after differences no significant differ-
ence could be found, only for left ventricular end systolic
volume (P=0.03).

No Relevant Between-Group Differences in
Postoperative Neurocognitive Dysfunction

Neurocognitive assessment was performed in 331 (23.6%) out of
1403 randomized patients of those 273 (19.5%) patients (RIPC
n=141, sham-RIPC n=132) underwent POCD testing before and
5 to 7 days after surgery, and 126 (9.0%) patients (RIPC n=61
patients, sham-RIPC n=65) before and 3 months after surgery.

Concerning 1-SD criterion, POCD was present in 67
(47.5%) versus 71 (53.8%) patients (RIPC versus sham-RIPC)
5 to 7 days (P=0.60) and in 17 (27.9%) versus 18 (27.7%)
patients 3 months after surgery (P=0.84; Table 3). An
improvement of cognition was found in 22 (15.6%) versus
19 (14.4%) patients 5 to 7 days and in 14 (23.0%) versus 18
(27.7%) patients 3 months after surgery.

Comparing the Z-scores and the summarized Z-scores, no
significant between-group differences were found, except for

STROOP1 after 5 to 7 days (P=0.02), which may be because
of multiple testing (Table 3). Comparing the time points 5 to
7 days and 3 months after surgery, we observed an improve-
ment of neurocognitive function in both groups (Table 3).

Discussion

Cardiac surgery is associated with predictable risks of
myocardial, neurologic, and renal ischemia/reperfusion injury.
RIPC could be an easy, low-risk, and cost-effective therapeutic
strategy to counteract these risks. Various clinical studies
demonstrated protection of the heart, kidney, and brain by
using surrogate end points in patients with cardiovascular
surgery,® 13> coronary intervention'®'” or stroke,'® and
some of them even reported improved clinical outcome,®’
while others reported neutral effects.>'*?° In our multicenter
RIPHeart Study® including 1403 cardio surgery patients we
found no short-term benefits of RIPC referring to a composite
end point with all-cause mortality, myocardial infarction,
stroke and acute renal failure. Here, we present that no
significant differences were found between the treatment
groups 1 year after surgery. Similar findings were observed in
the ERICCA Study® including 1612 surgery cardiac patients
with no significant benefits 1 year after surgery. Very
recently, we performed a Cochrane meta-analysis®' and
found no evidence that RIPC has a treatment effect on
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Table 2. Intraoperative Myocardial Performance

Before CPB After CPB P Values
Randomization
Randomization Group Effect on

RIPC Sham-RIPC RIPC Sham-RIPC Before and Group Effect Before—After
Mean (Cl) Mean (Cl) Mean (Cl) Mean (Cl) After CPB Before CPB Difference

LOVT Vinax, M/S 1.53 (1.16-1.89) 1.47 (1.22-1.73) 1.69 (1.20-2.18) 1.74 (1.26-2.23) 0.07 0.85 0.33
[n=372] [n=385] [n=346] [N=348]

LOVT VT, cm 251 (23.0-27.2) | 23.7 (21.7-25.7) | 21.3(20.4-22.1) | 21.4 (20.4-22.5) | 0.00 0.68 0.31
[n=373] [n=283] [N=347] [N=346]

LVET, ms 347 (339-354) 344 (337-351) 285 (279-291) 288 (281-294) 0.00 0.79 0.15
[n=361] [n=377] [n=337] [n=346]

MCO, ms 449 (440-458) 447 (438-456) 379 (370-388) 378 (368-388) 0.00 0.52 0.46
[n=371] [n=377] [n=347] [n=346]

DTeary, ms 233 (224-242) 224 (215-233) 190 (182-199) 195 (186-203) 0.00 0.69 0.08
[n=369] [n=383] [n=348] [n=350]

E/A ratio 111 (1.05-1.17) | 115 (1.09-1.21) | 1.14 (1.07-1.20) | 1.16 (1.10-1.22) | 0.19 0.75 0.84
[n=383] [n=382] [n=351] [n=350]

LVEDV, mL 78 (74-81) 79 (75-83) 69 (65-72) 69 (65-72) 0.00 0.69 0.21
[n=356] [n=376] [n=332] [n=347]

LVESV, mL 33 (30-35) 34 (32-37) 29 (27-31) 29 (27-31) 0.00 0.37 0.03
[n=354] [n=372] [n=331] [n=343]

LVEF, % 60 (59-62) 59 (58-60) 61 (60-62) 59 (58-61) 0.1 0.07 0.72
[=362] [n=374] [n=338] [N=346]

FS (Teich), % 39 (38-41) 39 (37-40) 41 (39-42) 39 (38-41) 0.02 0.15 0.63
[n=362] [n=380] [n=339] [n=351]

LVEF (Teich), % | 65 (64-67) 63 (61-64) 66 (65-68) 64 (62-65) 0.00 0.01 0.94
[=363] [n=376] [n=336] [n=349]

The data of transesophageal echocardiography are described before and after cardiopulmonary bypass. Data were analyzed using a general linear model with repeated measures (pre- and
post-operative) and randomization group (RIPC and sham-RIPC) as between subject factor. CPB indicates cardiopulmonary bypass; Cl, confidence interval; DTy, deceleration time; E/A
Ratio, earlymax/atrialmax ratio; FS, fractional shortening by Teichholz; LVEDV, left ventricular end-diastolic volume by Simpson; LVEF, left ventricular ejection fraction by Simpson and by
Teichholz; LVESV, left ventricular end-systolic volume by Simpson; LVET, left ventricular ejection time; LVOT Vy,.x, maximal speed in left ventricular outflow tract; LVOT VT, ventricular

arrhythmia including left ventricular outflow tract; MCO, mitral close-to-open time.

clinical outcomes (measured as a composite end point
including all-cause mortality, non-fatal myocardial infarction
or any new stroke, or both, assessed at 30 days after
surgery), while we found moderate-quality evidence that RIPC
reduces the cardiac troponin T and | release measured at
72 hours after surgery.

In a non-selected subgroup of patients, we evaluated
whether RIPC may have beneficial effects on acute post-
cardiopulmonary bypass myocardial dysfunction. Myocardial
ischemia/reperfusion injury after cardiac surgery is well
known to have an impact on clinical recovery, and experi-
mental studies found specifically less myocardial ischemia/
reperfusion injury and improved cardiac function following
RIPC.?>"%¢ Based on the echocardiography methods used,
here, we could not find any difference between groups.
Possibly, the negative impact of the surgery itself could mask
any slight effect of RIPC. Furthermore, biased results could be
caused by the selected parameters, eg, in the case of
ventricle asymmetry the M Mode is highly prone to error, but

ejection fraction determined by Simpson method also did not
show any benefits.

The use of the intravenous anesthetic propofol has also
been repeatedly discussed as a potential confounding factor
that may interfere and inhibit RIPC" s protective effects.”” 2 A
small study in patients undergoing CABG surgery revealed a
beneficial effect of RIPC if general anesthesia was maintained
with isoflurane that was not observed upon using propofol.*
In line with this, a recent multicenter trial using volatile
anesthetics for maintaining anesthesia showed that RIPC
significantly reduced acute kidney injury in cardiac surgical
patients with a high risk for this complication that was
maintained up to 1 year after surgery.31 Thus, despite basic
science data clearly point into a different direction, it cannot
be ruled out completely that the use of propofol may have
blunted or even abolished the organ protective effects of RIPC.

Alternatively, and more likely, the risk of the population
studied in our trial may have been too low to show a
meaningful effect of an intervention aiming to reduce the
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Table 3. Neurocognitive Assessment

5to 7 d After Surgery 3 mo After Surgery
RIPC sham-RIPC P Value RIPC sham-RIPC P Value

Memory

RAVLT 1-3 —0.13 (—1.03) —0.08 (1.02) 0.70 0.00 (1.06) 0.17 (1.19) 0.41

RAVLT LT —0.01 (0.98) 0.06 (0.93) 0.55 0.12 (1.13) 0.11 (1.04) 0.95
Motor skills

PBT dominant 0.52 (0.96) 0.42 (1.15) 0.48 0.07 (0.79) —0.11 (0.71) 0.19

PBT non-dominant 0.51 (0.86) 0.53 (1.69) 0.93 —0.15 (0.82) —0.13 (0.71) 0.91
Attention

STROOP | 0.29 (1.04) 0.57 (0.93) 0.02 0.32 (1.06) 0.35 (1.11) 0.86

STROOP I 0.41 (0.94) 0.61 (1.21) 0.13 —0.22 (1.02) —0.02 (0.88) 0.25

STROOP Il 0.08 (1.00) 0.02 (0.90) 0.63 —0.24 (0.80) —0.51 (0.78) 0.06

T™MT A 0.19 (0.95) —0.02 (0.79) 0.05 —0.04 (0.68) —0.11 (0.63) 0.58

TMT B 0.14 (0.93) 0.17 (0.88) 0.83 —0.19 (0.79) —0.30 (0.69) 0.44

Digit span forwards 0.14 (0.68) 0.26 (0.79) 0.16 0.10 (0.83) 0.21 (0.81) 0.45

Digit span backwards 0.31 (0.96) 0.26 (0.68) 0.65 0.04 (0.94) 0.10 (0.94) 0.70

DSST 0.23 (0.64) 0.26 (0.62) 0.71 —0.14 (0.52) —0.21 (0.54) 0.49
Executive function

VFT semantic 0.80 (0.92) 0.94 (0.93) 0.24 0.06 (1.03) 0.23 (1.02) 0.38

VFT phonetic —0.20 (1.03) —0.37 (0.97) 0.15 0.13 (1.06) —0.26 (1.08) 0.04
Summarized Z-score 3.38 (5.68) 3.82 (5.73) 0.56 0.05 (4.64) —0.50 (4.76) 0.53

Data are presented as mean (SD). There are no between-group differences. Z-score was calculated by subtracting the postoperative test result from the preoperative test result, divided by
the preoperative SD of the group. Positive signs indicate deterioration, negative signs indicate improvement. Further details of the single tests are provided in the pilot study.® DSST

indicates Digit Symbol Substitution Test; PBT dominant, Purdue Pegboard Test with preferred hand; PBT non-dominant, Purdue Pegboard Test with nonpreferred/other hand; RAVLT LT,
Rey’s Auditory Verbal Learning Test long-term memory; RAVLT, Rey’s Auditory Verbal Learning Test first to third presentation of words (I-ll, short-term memory); RIPC, remote ischemic
preconditioning; STROOP, Stroop Color Word Interference Test, first to third run (I-Ill); TMT, Trail Making Test part A and B; Digit Span Test (forward and backwards); VFT, Verbal Fluency

Test including semantic and phonetic categories.

sequelae of ischemia/reperfusion injury; in other words: in
most instances the perioperative course may have been too
smooth and without hemodynamic fluctuations that may have
induced an ischemia and reperfusion injury modifiable by
RIPC.

In line with this assumption, recent experimental findings
indeed suggested that RIPC may offer advantages if
ischemia/reperfusion injury is severe.'®3*3 England et al
recently performed a pilot blinded placebo-controlled trial in
26 patients with acute ischemic stroke with a National
Institutes of Health Stroke Scale (NIHSS) score of 5.
Compared with sham-RIPC, there was a significant decrease
in day 90 NIHSS score in the RIPC group, median NIHSS score
1 versus 3 suggesting improved neurological outcome.®® Zhao
et al assigned 189 subjects with severe carotid artery
stenosis undergoing carotid artery stenting to RIPC, sham-
RIPC, and no intervention (control) groups performed twice
daily for 2 weeks before intervention. The incidence of new
diffusion-weighted imaging lesions in the RIPC group (16%)
was significantly lower than in the sham group (37%) and the

control group (41%), again suggesting improved neurological
outcome.*? To evaluate the impact of RIPC on the incidence
of POCD, a comprehensive neurocognitive test battery was
used in a subgroup of unselected 331 patients. POCD was
found 5 to 7 days in 67 versus 71 patients and 3 months
after surgery in 17 versus 18 patients, with no relevant
differences between the groups. The number of missing data
was reasonably high, so that the lower number of patients
completing the 3 months follow-up might present a limitation.
Similar results were already shown in our pilot study,’
although the sample size was considerably smaller. Joung
et al evaluated the effect of RIPC on POCD in 70 patients who
underwent off-pump coronary artery bypass graft surgery.
RIPC did not reduce the incidence of POCD in the immediate
postoperative period (28.6% [n=10] in the control versus
31.4% [n=11] in the RIPC group).*°

In conclusion, RIPC had no beneficial effect on 1-year
follow-up, intraoperative myocardial dysfunction and postop-
erative neurocognitive dysfunction in cardiac surgery patients
undergoing propofol-based anesthesia.
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Appendix

RIPHeart (Remote Ischemic Preconditioning for
Heart Surgery) Study Collaborators

Aachen (Department of Anesthesiology, Medical Faculty
RWTH Aachen University, Aachen, Germany): Ana Stevanovic,
Rolf Rossaint, Marc Felzen, (Department of Thoracic and
Cardiovascular Surgery): Andreas Goetzenich; 195 patients;
Berlin (Department of Anesthesiology and Intensive Care
Medicine, Charité-Universitatsmedizin Berlin, Campus Charité
Mitte, Berlin, Germany): Tobias Moormann, Katharina Chalk;
37 patients; Bonn (Department of Anesthesiology and Inten-
sive Care Medicine, University Hospital Bonn, Bonn, Ger-
many): Pascal Knuefermann, Thomas Recht, Andreas Hoeft;
73 patients; Duesseldorf (Department of Anesthesiology and
Intensive Care Medicine, University Hospital Duesseldorf,
Germany): Michael Winterhalter; 65 patients; Frankfurt am
Main (Department of Anesthesiology, Intensive Care Medicine
and Pain Therapy, University Hospital Frankfurt, Frankfurt am
Main, Germany): Sonja lken, Carolin Wiedenbeck, Gerhard
Schwarzmann, Simone Lindau, (Department of Thoracic and
Cardiovascular Surgery): Andreas Zierer, (Internal Medicine |lI:
Cardiology, Angiology, Nephrology): Stephan Fichtlscherer;
117 patients; Giessen (Department of Cardiovascular Surgery,
University of Giessen, Germany): Gerold Goerlach, Matthias
Wollbrueck, Ursula Boening; (Department of Anesthesiology):
Markus Weigand; 148 patients; Goettingen (Department of
Anesthesiology and Intensive Care Medicine, University
Hospital Goettingen, Germany): Julia Strauchmann, Konrad
August; 91 patients; Jena (Department of Anesthesiology and
Intensive Care Medicine, Jena University Hospital, Jena,
Germany): Kai U. Morsbach, Markus Paxian, Konrad Reinhard;
76 patients; Kiel (Department of Anesthesiology and Intensive
Care Medicine, University Hospital Schleswig-Holstein, Cam-
pus Kiel, Germany): Jens Scholz, Jochen Renner, Ole Broch,
Helga Francksen, Bernd Kuhr; 237 patients; Luebeck (Depart-
ment of Anesthesiology, University Hospital Luebeck, Lue-
beck, Germany): Hermann Heinze, Hauke Paarmann;
(Department of Cardiac and Thoracic Vascular Surgery):
Hans-Hinrich Sievers, Stefan Klotz; 56 patients; Magdeburg
(Department of Anesthesiology, University Hospital Magde-
burg, Germany); Thomas Hachenberg; 14 patients; Mainz
(Department of Anesthesiology, Medical Center of Johannes
Gutenberg-University, Mainz, Germany): Christian Werner,
Susanne Mauff; 116 patients; Rostock (Clinic of Anesthesiol-
ogy and Intensive Care Medicine, University Hospital Rostock,
Rostock, Germany): Angela Alms, Stefan Bergt; 146 patients;
Wuerzburg (Department of Anesthesiology, University Hospi-
tal Wuerzburg, Wuerzburg, Germany): Norbert Roewer; 32
patients.
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