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ABSTRACT

BACKGROUND

Remote ischemic preconditioning (RIPC) is reported to reduce biomarkers of
ischemic and reperfusion injury in patients undergoing cardiac surgery, but uncer-
tainty about clinical outcomes remains.

METHODS

We conducted a prospective, double-blind, multicenter, randomized, controlled
trial involving adults who were scheduled for elective cardiac surgery requiring
cardiopulmonary bypass under total anesthesia with intravenous propofol. The
trial compared upper-limb RIPC with a sham intervention. The primary end point
was a composite of death, myocardial infarction, stroke, or acute renal failure up
to the time of hospital discharge. Secondary end points included the occurrence
of any individual component of the primary end point by day 90.

RESULTS

A total of 1403 patients underwent randomization. The full analysis set comprised
1385 patients (692 in the RIPC group and 693 in the sham-RIPC group). There was
no significant between-group difference in the rate of the composite primary end
point (99 patients [14.3%] in the RIPC group and 101 [14.6%] in the sham-RIPC
group, P=0.89) or of any of the individual components: death (9 patients [1.3%]
and 4 [0.6%], respectively; P=0.21), myocardial infarction (47 [6.8%] and 63
[9.1%], P=0.12), stroke (14 [2.0%] and 15 [2.2%], P=0.79), and acute renal failure
(42 [6.1%] and 35 [5.1%], P=0.45). The results were similar in the per-protocol
analysis. No treatment effect was found in any subgroup analysis. No significant
differences between the RIPC group and the sham-RIPC group were seen in the
level of troponin release, the duration of mechanical ventilation, the length of stay
in the intensive care unit or the hospital, new onset of atrial fibrillation, and the
incidence of postoperative delirium. No RIPC-related adverse events were observed.

CONCLUSIONS

Upper-limb RIPC performed while patients were under propofol-induced anesthe-
sia did not show a relevant benefit among patients undergoing elective cardiac
surgery. (Funded by the German Research Foundation; RIPHeart ClinicalTrials.gov
number, NCT01067703.)
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ARDIAC SURGERY IS ASSOCIATED WITH A

predictable risk of end-organ ischemic and

reperfusion injury. Transient ischemia of
nonvital tissue, known as remote ischemic pre-
conditioning (RIPC), is reported to help remote
vital organs withstand a subsequent prolonged
ischemic event.! Although proof-of-concept trials
suggested that RIPC provides protection against
myocardial and kidney injury, as determined by
serum cardiac and renal biomarkers, in patients
undergoing cardiovascular surgery,>* more re-
cent studies failed to show significant differ-
ences between the RIPC and control groups with
respect to troponin release, inotropic or vaso-
constrictor support, renal dysfunction, and lung
injury.>1® Only a few studies have included clini-
cal outcomes as primary end points, and most
are limited by small samples.**'*'3 Thus, a large,
randomized study would be helpful to elucidate
the role of this simple intervention in daily prac-
tice. We hypothesized that RIPC would improve
clinical outcomes in patients undergoing elective
cardiac surgery.

METHODS

TRIAL DESIGN AND OVERSIGHT

The ethics committee at the University of Kiel
and at each participating center approved the
study protocol, patient information sheet, and
informed-consent form. The patient data were
deidentified. Patients were screened and under-
went randomization during the period from
January 2011 through May 2014 at 14 German
university hospitals. The protocol, including de-
tails regarding trial conduct and the statistical
analysis plan, has been published previously*
and is available with the full text of this article
at NEJM.org. The study was funded by the Ger-
man Research Foundation, which was not in-
volved in the design of the protocol, the conduct
of the trial, or the analyses or reporting of the
data. The writing committee (see the Supple-
mentary Appendix, available at NEJM.org) pre-
pared the first draft of the manuscript. Indepen-
dent statisticians at the Clinical Trial Center
Leipzig performed all the analyses. The site in-
vestigators were unaware of the study-group as-
signments until the data, excluding 1-year fol-
low-up data, were locked in December 2014. All
the authors had full and independent access to
all the data and vouch for the integrity, accuracy,
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and completeness of the data and the fidelity of
the study to the protocol. Staff at the Clinical
Trial Center Leipzig monitored the trial data (see
the Supplementary Appendix for details on the
roles of the participating investigators and on
randomization and quality monitoring).

In this prospective, randomized, double-blind,
multicenter, parallel-group, controlled trial in-
volving 1403 patients undergoing cardiac sur-
gery, randomization was performed centrally at
the Clinical Trial Center Leipzig and was stratified
according to center and individual risk of periop-
erative death, as assessed with the use of the logis-
tic European System for Cardiac Operative Risk
Evaluation (EuroSCORE). The EuroSCORE is a risk
model that incorporates 17 preoperative items of
information about the patient and the planned
type of surgery and uses logistic regression to
calculate the risk of death within 30 days after
surgery. A higher score indicates a higher risk of
death.” The conduct of the trial and the safety
of the participants were overseen by the steering
committee.

PATIENTS

Patients 18 years of age or older who were sched-
uled for elective cardiovascular surgery requiring
cardiopulmonary bypass and who provided writ-
ten informed consent were eligible for enrollment.
Key exclusion criteria were related to specific surgi-
cal procedures (e.g., off-pump heart surgery or
urgent surgery) and severe organ dysfunction
(e.g., ejection fraction <30% or severe renal fail-
ure). Further details of the exclusion criteria are
provided in the Supplementary Appendix.

INTERVENTION AND BLINDING

RIPC was induced by four cycles of upper-limb
ischemia (5-minute blood-pressure cuff inflation
to 2200 mm Hg, but at least 15 mm Hg higher
than the patient’s actual systolic arterial pres-
sure, followed by 5-minute cuff deflation) by ap-
pointed staff who were aware of the study-group
assignments. For patients assigned to sham RIPC,
a dummy arm was used for similar cycles of
inflation and deflation. To ensure double blind-
ing, the intervention was performed on patients
who were already anesthetized, on the arm with
no arterial line, and surgical drapes were used to
cover the blood-pressure cuffs on both the pa-
tient’s arm and the dummy arm. The individual
patient, the staff involved in intraoperative care
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(anesthesia and cardiac-surgery team) and post-
operative care, the investigators who obtained
and documented data and performed follow-up
assessments, and the clinical end-point commit-
tee, whose members assessed all available elec-
trocardiograms for reference analysis, were un-
aware of the study-group assignments.

PRIMARY AND SECONDARY END POINTS

The primary end point was a binary composite
end point of death from any cause, nonfatal
myocardial infarction, new stroke, or acute renal
failure up to the time of hospital discharge (to a
maximum of 14 days if the hospital stay was
longer than that). Nonfatal myocardial infarc-
tion was defined by biomarker (e.g., troponin)
values more than five times the 99th percentile
of the normal reference range plus one or more
of the following: new pathologic Q waves or new
left bundle-branch block within the first 72 hours
after surgery, standard clinical criteria for myo-
cardial infarction from 72 hours onward, a new
finding of ischemia by echocardiography or an-
giography, or myocardial infarction diagnosed at
autopsy.'® Stroke was defined by any new, tem-
porary or permanent, focal or global neurologic
deficit, evaluated according to the National In-
stitutes of Health Stroke Scale (with stroke de-
fined as a score of >4 points on a scale of 0 to 42,
with higher scores indicating greater severity)’
or by evidence of stroke on autopsy. Acute renal
failure was defined by an increase in the serum
creatinine level by a factor of 2 or more from
baseline, a urine output of no more than 0.5 ml
per kilogram per hour for 12 hours,® the use of
renal-replacement therapy, or evidence of renal
failure on autopsy.

Secondary end points were the occurrence of
any individual component of the composite end
point at 30 days, 90 days, and 12 months after
surgery (12-month follow-up data are not pre-
sented here), duration of mechanical ventilation,
length of stay in the intensive care unit and total
hospital stay, levels of troponin T and I, creati-
nine level, new onset of atrial fibrillation, and
incidence of postoperative delirium (for full defi-
nitions and a complete list of end points, see the
Supplementary Appendix).

STATISTICAL ANALYSIS
Anticipating a pooled overall complication rate
of 10% and assuming a 10% dropout rate, we
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originally determined that enrollment of 2070
patients would give the study 80% power to de-
tect a 33% lower risk of the primary end point
with RIPC than with sham RIPC (8% vs. 12%)
with the use of a two-sided chi-square test with
continuity correction, at a significance level of
0.05. No formal interim analysis was planned.
Because patient enrollment was lower than ex-
pected after the first 3 years, a blinded sample-
size recalculation that was based on pooled data
of the first 724 patients who could be evaluated
and that did not affect the type I error rate was
performed.’ We observed a higher-than-expect-
ed pooled complication rate (17.4% instead of
10%) and a much lower dropout rate (1.4% in-
stead of 10%). Conservatively assuming a com-
plication rate of 17% in the sham-RIPC group
and a dropout rate of 2% in the total study co-
hort, we calculated that a total sample of 1400
would give the study 90% power to detect a 33%
lower risk of the primary end point with RIPC.
After consent of the independent data and safety
monitoring committee and the steering commit-
tee, we stopped enrollment in May 2014, with
1400 patients enrolled.

As prespecified in the protocol, logistic-
regression models that adjusted for factors known
to affect outcome (EuroSCORE [0 to 2 points, 3 to
5 points, or >6 points],”® status with respect to
diabetes mellitus [yes or no],* and concomitant
treatment with cholesterol-lowering drugs [yes or
no]*) and that incorporated study center as a
random effect were used in the primary analysis
to estimate the treatment effect on the odds-
ratio scale, with two-sided 95% confidence inter-
vals provided. Analogous adjustment was used
in regression analyses of secondary end points.
We performed the primary analyses in the full
analysis set, from which patients who did not
undergo surgery or who withdrew consent be-
fore assessment of the primary end point were
excluded. In addition, we repeated the analyses
in the per-protocol set, further excluding pa-
tients with major protocol deviations. The sub-
group analyses performed were not prespecified
and are exploratory only.

RESULTS

STUDY POPULATION
A total of 1403 patients underwent randomiza-
tion, 1385 fulfilled the criteria for the full analysis
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1403 Patients underwent randomization

702 Were assigned to RIPC intervention
680 Received assigned intervention
22 Did not receive assigned intervention

701 Were assigned to sham-RIPC intervention
681 Received assigned intervention
20 Did not receive assigned intervention

10 Were lost to follow-up before assessment
of primary end point
8 Did not provide consent or withdrew
consent
1 Had surgery postponed
1 Was withdrawn at physician’s request
16 Were lost to follow-up before day 90
1 Withdrew consent
13 Were unable to be contacted
2 Were withdrawn at physician’s request

8 Were lost to follow-up before assessment
of primary end point
4 Withdrew consent
1 Had severe coexisting disease
2 Had surgery postponed
1 Was withdrawn at physician’s request
18 Were lost to follow-up before day 90
1 Withdrew consent
16 Were unable to be contacted
1 Was withdrawn at physician’s request

692 Were included in the intention-to-treat
primary end-point analysis

692 Were included in the day 90 intention-
to-treat analysis that involved
time-to-event methods

693 Were included in the intention-to-treat
primary end-point analysis

693 Were included in the day 90 intention-
to-treat analysis that involved
time-to-event methods

109 Were excluded from per-protocol analysis
20 Were not eligible
3 Were not eligible and received
intervention that was not per protocol
1 Was not eligible, received intervention
that was not per protocol, and received
volatile anesthetics
55 Received intervention that was not
per protocol
1 Received intervention and underwent
surgery that were not per protocol
9 Received intervention that was not
per protocol and received volatile
anesthetics
14 Received volatile anesthetics
6 Underwent surgery that was not
per protocol

109 Were excluded from per-protocol analysis
25 Were not eligible
1 Was not eligible and received
intervention that was not per protocol
1 Was not eligible, received intervention
that was not per protocol, and received
volatile anesthetics
63 Received intervention that was not
— per protocol
1 Received intervention and underwent
surgery that were not per protocol
7 Received intervention that was not
per protocol and received volatile
anesthetics
9 Received volatile anesthetics
2 Underwent surgery that was not
per protocol

583 Were included in the per-protocol analysis

584 Were included in the per-protocol analysis

Figure 1. Randomization and Follow-up.

Of 1403 patients who underwent randomization, 1361 received the intervention (remote ischemic preconditioning [RIPC] or sham RIPC)
according to the randomization assignment and 42 did not receive the assigned intervention, owing mainly to logistic reasons. The full
analysis set for primary and secondary end-point analyses comprised 1385 patients (692 in the RIPC group and 693 in the sham-RIPC
group). A total of 18 patients (10 in the RIPC group and 8 in the sham-RIPC group) were not included in the full analysis set, because no
information on the primary end point was available. A total of 218 patients had protocol violations, resulting in 1167 patients in the per-
protocol set. Screening assessment was incomplete, so no data on screening are provided.

set, and 1167 were included in the per-protocol set total of 383 of 1385 patients (27.7%) had New
(Fig. 1). Baseline demographic and clinical York Heart Association class III or class IV
characteristics are shown in Table 1. There congestive heart failure, and 433 of 1385 pa-

were no relevant

imbalances between the tients (31.3%) had a EuroSCORE of 6 or higher

groups at baseline except with respect to the before surgery, representing a high proportion
use of a cholesterol-lowering drug (P=0.03). A of high-risk patients.
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Table 1. Baseline Patient Characteristics.*

Preexisting conditions — no./total no. (%)
Ischemic heart disease
Valve disorder
Mitral-valve regurgitation

Aortic-valve stenosis

510/691 (73.8)

Characteristic RIPC (N=692) Sham RIPC (N=693)
Age —yr 65.8+10.7 66.0+10.0
Male sex — no. (%) 508 (73.4) 520 (75.0)

531/691 (76.8)

None 231/536 (43.1) 234/519 (45.1)
Mild 254/536 (47.4) 232/519 (44.7)
Moderate 31/536 (5.8) 25/519 (4.8)
Severe 20/536 (3.7) 28/519 (5.4)
Aortic-valve regurgitation
None 298/534 (55.8) 304/521 (58.3)
Mild 162/534 (30.3) 158/521 (30.3)
Moderate 48/534 (9.0) 38/521 (7.3)
Severe 26/534 (4.9) 21/521 (4.0)

None 287/532 (53.9) 301/524 (57.4)
Mild 13/532 (2.4) 20/524 (3.8)
Moderate 43/532 (8.1) 30/524 (5.7)
Severe 189/532 (35.5) 173/524 (33.0)
Aneurysm of the ascending aorta 89/691 (12.9) 87/692 (12.6)
Previous myocardial infarction 197/689 (28.6) 203/692 (29.3)
Chronic heart failure 154/690 (22.3) 142/688 (20.6)
Chronic obstructive pulmonary disease 52/692 (7.5) 63/693 (9.1)
Current tobacco use 135/691 (19.5) 146/693 (21.1)
Peripheral vascular disease 43/691 (6.2) 53/688 (7.7)
Chronic kidney disease 79/692 (11.4) 76/689 (11.0)
Diabetes mellitus 166/691 (24.0) 178/693 (25.7)
Previous stroke 49/692 (7.1) 37/690 (5.4)
Anemiat 95/685 (13.9) 106/687 (15.4)
Chronic arterial hypertension 573/690 (83.0) 573/691 (82.9)
Medications at time of randomization — no. (%)
Cholesterol-lowering drugi 434 (62.7) 473 (68.3)
Beta-blocker 435 (62.9) 440 (63.5)
ACE inhibitor 346 (50.0) 370 (53.4)
Left ventricular ejection fraction — no./total no. (%)
>55% 456/604 (75.5) 450/595 (75.6)
30-55% 147/604 (24.3) 145/595 (24.4)
<30% 1/604 (0.2) 0/595
NYHA class — no./total no. (%)
[ 156/686 (22.7) 132/691 (19.1)
N 345/686 (50.3) 361/691 (52.2)
1l 178/686 (25.9) 191/691 (27.6)
W% 7/686 (1.0) 7/691 (1.0)
Logistic EuroSCORE§ 4.2+2.6 4.2+2.5

* Plus—minus values are means +SD. There were no significant differences between the two groups except with respect
to the use of a cholesterol-lowering drug (P=0.03). ACE denotes angiotensin-converting enzyme, NYHA New York
Heart Association, and RIPC remote ischemic preconditioning.

T Anemia was defined as a hemoglobin level of less than 13 g per deciliter in men and less than 12 g per deciliter in women.

I Examples include statins and fibrates.

§ The European System for Cardiac Operative Risk Evaluation (EuroSCORE) is a risk model that incorporates 17 preoper-
ative items of information about the patient and the planned type of surgery and that uses logistic regression to calcu-
late the risk of death within 30 days after surgery. A higher score indicates a higher risk of death.*
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Table 2. Results of Unadjusted and Adjusted End-Point Analyses.*

of patients/total no. (%)

(%6)§

New onset of atrial fibrillation — no.

Delirium — no. of patients/total no.

147/690 (21.3)

99/672 (14.7)

RIPC Sham RIPC
End Point (N=692) (N=693)
Primary end point — no. of patients 99 (14.3) 101 (14.6)
(%)%
Death 9 (1.3) 4(0.6)
Myocardial infarction 47 (6.8) 63 (9.1)
Stroke 14 (2.0) 15 (2.2)
Acute renal failure 42 (6.1) 35 (5.1)

160/690 (23.2)

89/676 (13.2)

Unadjusted Odds Ratio  Adjusted Odds Ratio
(95% Cl) (95% CI)7 P Value}
1.02 (0.76-1.38) 1.02 (0.75-1.39) 0.89
0.44 (0.12-1.36) 0.46 (0.14-1.54) 0.21
1.37 (0.93-2.04) 1.37 (0.92-2.03) 0.12
1.07 (0.51-2.26) 1.10 (0.53-2.31) 0.79
0.82 (0.52-1.30) 0.83 (0.52-1.34) 0.45
1.12 (0.87-1.44) 1.17 (0.90-1.52) 0.25
0.88 (0.64-1.19) 0.85 (0.79-1.79) 031

* Cl denotes confidence interval.

T The logistic-regression analyses were adjusted for EuroSCORE (0 to 2 points, 3 to 5 points, or =6 points), status with respect to diabetes

mellitus (yes or no), concomitant treatment with cholesterol-lowering drugs (yes or no), and study center (as a random effect).

i The primary end point was a composite of death, myocardial infarction, stroke, or acute renal failure until hospital discharge (to a maximum
of 14 days if the hospital stay was longer than that). An individual patient could have had multiple primary end-point events (e.g., both

stroke and acute renal failure).

§ Delirium was assessed with the use of the Confusion Assessment Method for the Intensive Care Unit.

STUDY INTERVENTION

The intervention was performed according to
the study protocol in 1243 patients (623 of 692
patients [90.0%)] in the RIPC group and 620 of
693 patients [89.5%)] in the sham-RIPC group)
(Table S1 in the Supplementary Appendix). De-
tailed data on intraoperative procedures, medi-
cations, and cumulative fluid intake are provided
in Table S2 in the Supplementary Appendix.

END-POINT RESULTS

There was no significant between-group differ-
ence in the rate of the primary end point (99
patients [14.3%] in the RIPC group and 101 pa-
tients [14.6%] in the sham-RIPC group; differ-
ence in rate, —0.3 percentage points [95% confi-
dence interval, —4.1 to 3.6]; P=0.89 by logistic
regression) or in the rate of any of its compo-
nents: death (9 patients [1.3%] in the RIPC
group and 4 patients [0.6%] in the sham-RIPC
group, P=0.21), myocardial infarction (47 pa-
tients [6.8%] and 63 patients [9.1%], respective-
ly; P=0.12), stroke (14 patients [2.0%] and 15
patients [2.2%], P=0.79), and acute renal failure
(42 patients [6.1%] and 35 patients [5.1%],
P=0.45) (Table 2). Kaplan—Meier estimates of
event-free survival in the RIPC group and the
sham-RIPC group were 85.2% and 85.0%, re-
spectively, at 30 days after surgery and 84.5%
and 84.4%, respectively, at 90 days after surgery
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(Fig. 2, and Table S3 in the Supplementary Ap-
pendix).

The cumulative incidence of the individual
components of the composite end point (with
death treated as a competing risk) is shown in
Figure S1 in the Supplementary Appendix; we
observed no benefit of RIPC treatment. Sub-
group analyses of the primary end point did not
reveal any significant variation in treatment ef-
fects according to the type of surgery, the use or
nonuse of cholesterol-lowering drugs, the pres-
ence or absence of diabetes, or the EuroSCORE
(Fig. 3, and Table S4 in the Supplementary Ap-
pendix). Of the prespecified covariates, only the
EuroSCORE was prognostic for the risk of a
primary end-point event: 10.1% of the patients
(41 of 405) with a EuroSCORE of 0 to 2, 12.8%
of the patients (70 of 547) with a EuroSCORE of
3 to 5, and 20.6% of the patients (89 of 433) with
a EuroSCORE of 6 or higher had a primary end-
point event (P<0.001 for all comparisons, by lo-
gistic regression). The multiplicity patterns for
the individual components of the primary end
point are presented in Figure S2 in the Supple-
mentary Appendix.

There were no significant between-group dif-
ferences with respect to the secondary end
points (Tables S5, S6, and S7 and Fig. S3 through
S6 in the Supplementary Appendix). No RIPC-
related adverse events were observed. The level
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Days to Primary End Point
No. at Risk
RIPC 692 580 573 523
Sham RIPC 693 581 572 549
Figure 2. Kaplan-Meier Estimates of Event-free Survival.
Kaplan—Meier estimates are shown for the two intervention groups in the full analysis set. Data on 10 patients in
the RIPC group and 9 patients in the sham-RIPC group were censored before day 30; data on 62 patients in the
RIPC group and 36 patients in the sham-RIPC group were censored before day 90. Event-free survival did not differ
significantly between the two groups (P=0.75 by Cox regression analysis, with adjustment for the stratification vari-
ables). The inset shows the same data on an enlarged y axis.

of troponin release was associated with the
number of surgical procedures but did not differ
significantly between the two study groups (Fig.
S5 and S6 in the Supplementary Appendix).
With respect to the per-protocol set, 218 pa-
tients were excluded from the per-protocol analy-
sis for the following reasons (some patients had
more than one reason): 142 received an inade-
quate intervention (e.g., the cuff pressure was too
low or was applied for too short a time), 41 re-
ceived volatile anesthetics, 10 underwent a differ-
ent type of surgery (e.g., off-pump coronary-artery
bypass surgery), and 51 met other prespecified
exclusion criteria (e.g., previous myocardial in-
farction <7 days before randomization or severe
chronic obstructive pulmonary disease). Among
the remaining 1167 patients (583 in the RIPC
group and 584 in the sham-RIPC group), there
was no significant between-group difference in
the rate of the primary end point (81 patients
[13.9%] in the RIPC group and 80 patients
[13.7%] in the sham-RIPC group, P=0.88) or in
the rate of any of its components: death (6 pa-
tients [1.0%] in the RIPC group and 3 patients
[0.5%] in the sham-RIPC group, P=0.38), myo-
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cardial infarction (41 patients [7.0%] and 49 pa-
tients [8.4%)], respectively; P=0.41), stroke (11 pa-
tients [1.9%] and 12 patients [2.1%)], P=0.80), and
acute renal failure (33 patients [5.7%] and 27 pa-
tients [4.6%], P=0.50) (Table S8 in the Supple-
mentary Appendix). In addition, there was no
significant between-group difference with re-
spect to any secondary end point (Tables S8 and
S9 and Fig. S7 in the Supplementary Appendix).

DISCUSSION

In this multicenter, double-blind, randomized
trial involving 1403 patients who were scheduled
to undergo elective cardiac surgery while under
anesthesia with intravenous propofol, upper-
limb RIPC did not show a relevant clinical bene-
fit. RIPC was described more than 20 years ago.
It has been suggested that the technique induces
adaptive responses that markedly enhance the
ability of vital organs (e.g., the heart) to with-
stand prolonged ischemic and reperfusion injury.”
Initial laboratory studies of RIPC led to encour-
aging proof-of-principle human studies. Initial
studies that used surrogate end points in patients
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No. of Sham P Value for
Patients RIPC  RIPC Odds Ratio (95% Cl) Interaction
% of patients who met
primary end point

All patients 1385 143 146 — 1.02 (0.75-1.39)
Isolated CABG ! 0.13

No 755 153 176 — 1.24 (0.83-1.84)

Yes 630 131 110 —_— 0.76 (0.46-1.25)
Cholesterol-lowering drugs i 0.84

No 478 13.6 141 _— 1.07 (0.62-1.83)

Yes 907 147 148 —— 1.00 (0.68-1.46)
Diabetes 0.86

No 1041 143 144 —b— 1.01 (0.70-1.44)

Yes 344 145 152 " 1.07 (0.58-1.98)
EuroSCORE | 0.68

0-2 points 405 94 109 1.18 (0.61-2.29)

35 points 547 13.7 120 —_————— 0.84 (0.50-1.41)

=6 points 433 199 212 —_— 1.07 (0.66-1.73)

02 0s 10 20 50
Sham RIPC Better RIPC Better

Figure 3. Prespecified Subgroup Analysis of the Primary End Point.
Explorative subgroup analyses did not reveal any significant between-group differences with respect to the type of surgery, the use or
nonuse of cholesterol-lowering drugs, the presence or absence of diabetes, and the European System for Cardiac Operative Risk Evalua-
tion (EuroSCORE) value (a higher value indicates a higher risk of death). The results of all model-based tests for treatment-by-subgroup
interactions were nonsignificant. CABG denotes coronary-artery bypass grafting, and Cl confidence interval.

undergoing cardiovascular surgery*>*?** or coro-
nary intervention®?® or in patients with stroke”
showed organ-protective effects, and some stud-
ies even showed improved clinical outcomes.?*>%
For example, 329 patients who were undergoing
coronary-artery bypass grafting (CABG) were
randomly assigned to RIPC or to a control inter-
vention in a single-center trial.> The level of
troponin I release, which was the primary end
point, was significantly lower in the RIPC group
than in the control group.

Other trials of RIPC in cardiac surgery failed
to show beneficial effects.>®? Possible explana-
tions for the divergent results of the trials are
that most of the positive trials>*?*?3! used sur-
rogate end points, were conducted at a single
center, used a single-blind design, had a small
sample size, included mostly patients undergo-
ing isolated CABG, or were not standardized
with respect to the anesthesia regimen. For ex-
ample, propofol anesthesia was shown to atten-
uate RIPC-mediated effects in a small study,*
but volatile anesthetics were also shown to attenu-
ate cardioprotection by RIPC in a recent meta-
analysis of 15 randomized trials.®

N ENGL J MED

To overcome these limitations, we used a
double-blind design with a dummy arm for the
sham intervention and included patients under-
going CABG and complex cardiovascular surgery
requiring cardiopulmonary bypass. With regard
to the primary end point, no significant differ-
ences between treatment groups were found. In
addition, no significant differences between
treatment groups were found at the 30-day and
90-day follow-up. Secondary clinical end points,
such as troponin and creatinine release, dura-
tion of mechanical ventilation, length of stay in
the intensive care unit or the hospital, new onset
of atrial fibrillation, and incidence of postopera-
tive delirium, also did not differ significantly be-
tween the groups, although other confounders
not recorded in this trial may have affected these
variables. Neutral results were confirmed by
logistic-regression analyses adjusted for the
EuroSCORE, status with respect to diabetes mel-
litus, concomitant treatment with cholesterol-
lowering drugs, and study center. Results in the
full analysis set and the per-protocol set were
completely concordant. The blinding of the end-
point assessors was a particular strength of this
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trial. Subgroup analysis did not indicate that
RIPC might yield a particular benefit in any rel-
evant subgroup.

The neutral results in the current trial are
consistent with those of the most recent meta-
analysis by the Remote Preconditioning Trial-
ists’ Group, which included 23 trials of RIPC
involving a total of 2200 patients undergoing
cardiovascular surgery.3* In that meta-analysis,
RIPC did not have a significant effect on clinical
end points, including death, myocardial infarc-
tion, acute renal failure, stroke, mesenteric ische-
mia, and hospital or critical care length of stay.
Encouraging pilot data may not be able to be
applied successfully to the clinical setting owing
to a greater number of cardiovascular risk fac-
tors (e.g., older age, diabetes, and hyperlipidemia)
and of concomitant medications (e.g., nitrates,
statins, beta-blockers, and anesthetic agents) in
the clinical setting than among patients in a
pilot study.®

Under certain conditions, it is conceivable
that RIPC may do more harm than good. Luc-
chinetti et al.”® reported a higher incidence of
the composite end point of arrhythmias or myo-
cardial infarction among patients who received
RIPC than among those who received a placebo
intervention. Hong et al.® randomly assigned
1280 patients undergoing on-pump or off-pump
CABG to receive RIPC plus remote postcondi-
tioning or to receive a control intervention;
among patients who underwent off-pump CABG,
those who received RIPC plus remote ischemic
postconditioning had worse outcomes than
those who received the control intervention.

Our study has certain limitations. First, we
expected a composite complication rate of 12%
in the control group in order to be able to detect
a lower rate of 8% in the RIPC group (i.e., an
absolute difference of 4 percentage points, cor-
responding to a 33% lower risk). With that rela-
tively low complication rate, a 33% lower risk
would indicate that, on average, 25 patients
would need to be treated for 1 to benefit. The
observation of higher-than-anticipated compli-
cation rates, as well as lower dropout rates, led

to a sample-size reduction. Nevertheless, the
present study had adequate power. Second, gen-
eralizability may be affected owing to the use of
propofol anesthesia, which is uncommon in
some areas, and owing to our exclusion criteria
(e.g., urgent surgery, reoperations, recent myo-
cardial infarction, and severe renal or liver dis-
ease). Furthermore, other RIPC protocols (e.g.,
involving lower-limb RIPC, a longer duration of
ischemia, or more cycles) may still be protective.
Third, the intended RIPC intervention may have
been inadequate in approximately 8% of the
patients because the cuff pressure was lower
than specified in the protocol instructions. How-
ever, when analyzing the 1167 patients in the
per-protocol set, we also did not observe any
significant between-group differences, which sug-
gests that any potential effect of RIPC might have
been small in our trial. Finally, we cannot exclude
the possibility that other outcome variables that
were not measured (e.g., cardiac function) might
have shown better results in the RIPC group.

In conclusion, in our large-scale, double-blind,
multicenter trial, no significant difference was
observed between upper-limb RIPC and a sham
intervention with respect to the rate of postop-
erative myocardial infarction, stroke, renal fail-
ure, and death within 90 days after elective car-
diac surgery.
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