The Devil Is in the Detail
Remote Ischemic Preconditioning for Perioperative Kidney
Protection
Felix Kork, M.D., M.Sc., Holger K. Eltzschig, M.D., Ph.D.

A

ischemia and consecutive reperfusion in a distant organ (fig. 1).6
Kharbanda et al.7 were among
the first to describe a noninvasive
approach that was later translated
to clinical use: by applying short
cycles of ischemia and reperfusion
to a skeletal muscle—conducted
by simply inflating and deflating a standard blood pressure cuff
placed on the leg—the researchers
could reduce subsequently induced
myocardial infarction size in pigs.
Cheung et al.8 subsequently demonstrated the clinical application in a proof-of-concept study
in humans: the authors reported
that RIPC (four 5-min cuff inflations and deflations on the thigh
to 15 mmHg above systolic blood
pressure) before cardiac surgery
in 37 children reduced perioperative myocardial injury by less troponin I release, lowered inotrope
requirements, and reduced airway
pressure.
Researchers in the field have
since been working on the elucidation of the underlying pathways.
The stimulation with cycles of
ischemia and reperfusion ultimately leads to transcriptional
responses, such as the stabilization of hypoxia-induced factors
(HIFs): HIF1A and HIF2A.9,10 These changes are then signaled to other organs via blood-borne factors in humoral pathways. Candidates to mediate distant organ protection could
potentially include soluble mediators as adenosine, soluable
nucleotidases, interleukin-10, micro-RNAs, or microvesicles,
leading to the activation of a protective intracellular signal
transduction cascade in the target organ.6,11–13 By this means,
RIPC attenuates the detrimental effects of an upcoming ischemic event in distant organs such as the heart, the lungs, the

“…the evidence on remote
ischemic preconditioning
and kidney protection
is still inconclusive.…A
likely reason...could be that
the [most effective] exact
conditions…are difficult to
identify in humans.”
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CUTE kidney injury (AKI)
is a leading postoperative
complication and is associated
with higher mortality and higher
morbidity.1 Even minor postoperative creatinine increases below AKI
criteria are associated with adverse
outcome in both noncardiac surgery2 and cardiac surgery patients.3
Hence, a method for the effective
prevention of AKI is important and
will eventually lead to the improvement of postoperative outcome.
In the past, a variety of pharmacologic agents have been trialed for
perioperative renoprotection (e.g.,
fenoldepam, statins, human atrial
natriuretic peptide, and nesiritide)
but without 
conclusive evidence
supporting their use.1 In this issue
of ANESTHESIOLOGY, Zarbock et al.4
present data on the long-term
renoprotective effect of remote
ischemic preconditioning (RIPC).
The authors show that RIPC significantly reduced major adverse
kidney events at 90 days after cardiac surgery in patients at high risk
for AKI. The results of this followup analysis of the effects of remote
ischemic preconditioning on kidney injury in high-risk cardiac
surgery patients (RenalRIP) trial deliver strong evidence that
RIPC provides additional long-term kidney protection. In the
primary analysis of their trial, Zarbock et al.5 had demonstrated
RIPC to deliver short-term postoperative kidney protection:
RIPC significantly reduced the rate of AKI and the use of renal
replacement therapy compared to no ischemic preconditioning. RIPC could therefore be a promising method for protecting the kidney from ischemia-reperfusion injury.
RIPC is an experimental therapeutic strategy to protect
organs against the harmful effects of ischemia-reperfusion
injury by beforehand applying cycles of brief, nondetrimental
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multicenter studies by Meybohm et al.14 (remote ischemic
preconditioning for heart surgery [RIPHeart] trial) as well as
Hausenloy et al.15 (effect of remote ischemic preconditioning on clinical outcomes in patients undergoing coronary
artery bypass graft surgery [ERICCA] trial) investigated the
effect of RIPC on postcardiac surgery outcome. While the
Zarbock et al. study’s primary endpoint was postoperative
renal function, the primary composite endpoints of both the
RIPHeart and ERICCA trials were focusing on postoperative cardiovascular complications and death. Interestingly,
the results of both Meybohm et al.14 and Hausenloy et al.15
did not show any effect of RIPC, neither on the primary
composite endpoints (as well as on any of its individual
components), nor on the secondary endpoints. In particular regarding postcardiac surgery renal function, both trials
did not show any renoprotective effects for RIPC (postoperative renal function was a secondary endpoint in both the
RIPHeart and the ERICCA trials), contrasting the results
of RenalRIP. The differences in the results may be explained
by the different patient populations. The RenalRIP trial
included only high-risk patients, while both the RIPHeart
and ERICCA trials included low-risk patients.
A likely reason for the contradicting results could be that
the exact conditions for the most effective RIPC are difficult
to identify in humans. Animal studies have revealed that this is
in fact a challenging task. For example, an experimental study
designed to define optimal conditions for myocardial ischemic
preconditioning in mice examined numerous different preconditioning regimens. Protocol optimization in this study
included different cycle numbers, body temperatures, ischemia

liver, or the kidneys and therefore may eventually reduce not
only organ injury but also morbidity and mortality.
In this issue, Zarbock et al.4 present the follow-up results
of their randomized controlled clinical RenalRIP trial.5
The multicenter, double-blinded trial demonstrated shortterm postoperative kidney protection by RIPC in patients
undergoing cardiac surgery and at high risk for AKI. RIPC
reduced the rate of AKI within the first 72 h after surgery,
reduced the need for renal replacement therapy, and reduced
the intensive care unit stay. In the current follow-up analysis,
the authors show that RIPC also causes long-term kidney
protection and the enhanced renal recovery of those patients
who did have postoperative AKI. The authors could show
that RIPC reduced the frequency of the composite endpoint major adverse kidney events (consisting of mortality,
the need for renal replacement therapy, and persistent renal
dysfunction) at 90 days after surgery. When analyzing the
components of major adverse kidney event at 90 days, RIPC
significantly reduced persistent renal dysfunction (absolute risk reduction of 13%) and renal replacement therapy
dependence (absolute risk reduction 7%) at 90 days after
surgery but did not influence mortality. Intriguingly, of
those patients who did develop AKI within 72 h after cardiac
surgery, fewer suffered from persistent renal dysfunction or
dialysis dependence at day 90 if they were treated with RIPC
before surgery. These results provide strong evidence supporting the concept that RIPC delivers kidney protection in
patients at high risk for AKI.
Despite these promising results, the evidence on RIPC
and kidney protection is still inconclusive. Two additional
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Fig. 1. Remote ischemic preconditioning (RIPC) represents an experimental approach to provide organ protection. Mechanistically, short cycles of nondetrimental ischemia and reperfusion are applied to the arm or the leg. This approach is thought to
drive the stabilization of transcription factors such as hypoxia inducible factors (HIF; e.g., HIF1A or HIF2A).11 This transcriptional
program mediates the release of soluble mediators from the ischemic musculature into the systemic circulation. Such mediators
could potentially include cytokines (e.g., interleukin [IL]-10), adenosine, circulating nucleotidases, micro-RNAs, or microvesicles.
Signaling effects of these soluble mediators on remote organs such as the heart or the kidneys could then provide remote organ
protection. In the current issue of ANESTHESIOLOGY, Zarbock et al.4 show that RIPC provides long-term kidney protection by reducing persistent renal dysfunction and renal replacement therapy dependence in cardiac surgery patients at high risk for acute
kidney injury.
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times, etc., before the authors were able to identify a regimen
that reliably produced organ protection.16 Both the RIPHeart
and ERICCA trials used a sequence of four times 5-min
ischemia, with 5 min of reperfusion in-between, whereas the
RenalRIP protocol only used three times 5 min of ischemia
with identical reperfusion intervals. It may very well be that
the devil is in the detail and the optimal protocol for effective RIPC in humans has not yet been discovered. Systematic
evaluation of RIPC protocols in humans is needed to find the
optimal one for postoperative organ protection. Such studies
could initially be done in volunteers to examine optimal release
of soluble mediators, such as interleukin-10,11 before examining organ protection in patients. As the RIPC protocol of the
current study by Zarbock et al.4 provided robust protection,
it will also be critical to repeat their findings in larger patient
populations and different surgical and patient settings.
In summary, the exciting finding of Zarbock et al.4 demonstrate for the first time that RIPC also has long-term
renoprotective effects in high-risk surgical patients. These
impressive data are the first step toward clinical implementation of RIPC for kidney protection. However, since this was
a relatively small study presenting a large effect size, the findings need to be confirmed in large-scale multicenter trials. It
will be exciting to see this field further evolve with the hope
that in the near future, RIPC may become a routine clinical
strategy to provide kidney protection for surgical patients.
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