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Coronary artery bypass graft (CABG) surgery remains the

procedure of choice for coronary artery revascularization in

patients with multi-vessel coronary artery disease (CAD).

For patients undergoing elective isolated CABG surgery,

clinical outcomes are very good (1.5 % in-hospital mor-

tality in the UK) [35]. However, increasing numbers of

higher risk patients are being operated, resulting in higher

in-hospital mortality rates. The reasons for this increase in

high risk patients include: patients being older (25 % of all

cardiac surgery in the UK is in patients over 75 years of

age); the increasing prevalence of co-morbidities such as

diabetes (33 % increase since 2001 and in-hospital mor-

tality of 1.9 %), left ventricular impairment (in-hospital

mortality is 6.8 % in patients with poor left ventricular

systolic function), extra-cardiac arteriopathy (in-hospital

mortality of 2.9 %), renal impairment (in-hospital mortal-

ity of 8.9 %), previous myocardial infarction (doubles

in-hospital mortality) and valvular disease (in-hospital

mortality is 3.5 % for valve only surgery and 6.1 % for

combined valve and graft operations) [35].

High risk patients undergoing cardiac bypass surgery are

particularly susceptible to peri-operative myocardial injury

(PMI). The presence of this form of myocardial injury,

which can be detected and quantified by the release of

cardiac-specific biomarkers such as CK-MB, troponin T or I,

has been associated with worse clinical outcomes [6, 25].

PMI is attributable to a number of different factors including

acute global myocardial ischemia–reperfusion injury (due to

aortic cross clamping and unclamping), distal coronary

micro-embolization [15], direct myocardial injury from

manual handling of the heart, and systemic inflammatory

injury from cardiopulmonary bypass [11].

One potential therapeutic strategy for protecting the

myocardium against the acute ischemia–reperfusion injury

(IRI) component of PMI is ‘‘Remote Ischaemic Precondi-

tioning’’ (RIPC) [31]. This describes the endogenous car-

dioprotective phenomenon, in which the application of one

or more cycles of brief non-lethal ischemia and reperfusion

to an organ (such as the kidney, liver or small intestine)

[8, 29] or tissue (such as the skeletal muscle of the upper or

lower limb) [2, 28], protect the heart against a sustained

episode of acute lethal IRI [14]. The practical transition of

this cardioprotective phenomenon to the clinical setting

was made possible with the discovery by Kharbanda et al.

[22] that the effect of RIPC could be recapitulated in

human volunteers by simply inflating and deflating a blood

pressure cuff, placed on the upper arm to induce brief

episodes of non-lethal ischemia and reperfusion in the

forearm.

The clinical application of RIPC was first successfully

demonstrated by Cheung et al. [4], who reported that, in

children undergoing corrective cardiac bypass surgery for

congenital heart disease, RIPC (comprising four 5-min

cycles of inflation and deflation of a cuff placed on the

thigh) reduced post-operative peak levels of troponin-I,

lowered airway pressures and reduced inotrope require-

ments, when compared to control. A year later, Yellon’s

group found that RIPC (comprising three 5-min cycles of

inflation and deflation of a cuff placed on the upper arm)

reduced the extent of PMI (as evidenced by a 43 %

reduction in 72 h area under the curve serum troponin-T) in

adult patients undergoing elective CABG surgery when

This invited editorial is related to the original contribution available at

doi:10.1007/s00395-012-0256-6; a second invited editorial to this

article can be found at doi:10.1007/s00395-012-0259-3.

D. J. Hausenloy � D. M. Yellon (&)

The Hatter Cardiovascular Institute, University College London,

67 Chenies Mews, London WC1E 6HX, UK

e-mail: d.yellon@ucl.ac.uk

123

Basic Res Cardiol (2012) 107:258

DOI 10.1007/s00395-012-0258-4

http://dx.doi.org/10.1007/s00395-012-0256-6
http://dx.doi.org/10.1007/s00395-012-0259-3


compared to control [13]. A number of subsequent clinical

studies have confirmed the beneficial effects of RIPC in the

setting of cardiac bypass surgery as well as elective [17,

18] and primary percutaneous coronary intervention [3,

33], but not all of these studies have been positive (see

Table 1).

In this issue of Basic Research in Cardiology, Young

et al. [42] report a study which failed to find any beneficial

effects with RIPC in 96 patients undergoing high risk

CABG surgery. In this study, high risk surgery was defined

as double valve or triple valve surgery, mitral valve sur-

gery, CABG plus valve(s) surgery, CABG in patients with

LV impairment or any ‘re-do’ operation [42]. Somewhat

surprisingly, they found a greater degree of PMI in those

patients which had been randomized to receive RIPC, when

compared to control, as indicated by higher peak levels of

high-sensitive troponin-T at 6 and 12 h. A potential

explanation for this alarming finding may be due to the fact

that all the patients undergoing the most complex form of

surgery, i.e. triple valve surgery or CABG with double

valve surgery, were in the RIPC-treated group. This

unequal distribution may also explain the longer cross

clamp times observed in the RIPC-treated group compared

to the control (117 vs. 105 min). Furthermore, a more

accurate estimate of PMI would have been obtained in this

study with serial sampling over the 72-h peri-operative

period in order to calculate an area under the curve high-

sensitive troponin-T. All things considered, the current

study by Young et al. [42] is now the third to report neg-

ative results with RIPC in patients undergoing cardiac

bypass surgery (see Table 1), raising some doubts over the

efficacy of this phenomenon in this clinical setting.

The mixed results of the RIPC studies might suggest that

the cardioprotection elicited by currently used RIPC pro-

tocols (three 5-min cycles of inflation and deflation of a

cuff placed on the upper arm or thigh) may not be effective

in all patient populations and appears to be highly depen-

dent on the conditions of surgery [12]. Close examination

of the major clinical studies investigating RIPC in adults

undergoing cardiac bypass surgery reveals important dif-

ferences between the studies, some of which may in part,

explain the discordant findings (see Table 1) [30].

To begin with, the patient population which is most

likely to benefit from RIPC during cardiac bypass surgery is

unknown. The majority of clinical studies have investigated

patients with stable coronary artery disease undergoing

CABG surgery alone. However in the negative study by

Rahman et al. [32], half of the patients had unstable coro-

nary artery disease, having been admitted with an acute

coronary syndrome. Whether the inclusion of these patients

can explain the lack of efficacy of RIPC in this clinical

study is unknown, although patients with chest pain in the

preceding 48 h had been excluded from the study [32].

Most of the studies suggest that patients undergoing valve

surgery either alone or in combination with CABG are also

amenable to RIPC cardioprotection (see Table 1).

With respect to the RIPC stimulus itself, virtually no

work has actually been undertaken to characterize the most

effective RIPC protocol in the setting of cardiac bypass

surgery. The majority of clinical studies have used the

original RIPC protocol first described by Kharbanda et al.

[22] comprising three 5-min inflations and deflations of a

cuff placed on the upper arm to induce cycles of brief non-

lethal ischaemia and reperfusion in the skeletal tissue and

skin of the forearm. Whether this is the optimum protocol

with respect to the number of cycles, the duration of

individual preconditioning episodes of ischemia and

reperfusion, and the choice of arm or leg, remains to be

determined. It may well be that under specific conditions

the standard RIPC protocol may be ineffective, and the

protective stimulus needs to be augmented by increasing

the RIPC protocol to 4 cycles of ischemia and reperfusion,

or even using simultaneous arm and leg cuff inflations [39].

Another factor to take into consideration is the timing of

the RIPC stimulus, which should be delivered within 2–3 h

of the index episode of acute ischaemia (aortic cross

clamping) and reperfusion (aortic unclamping) injury, to be

effective. The majority of the RIPC studies have admin-

istered the protective stimulus after the induction of anes-

thesia and prior to the first surgical incision (see Table 1).

However, in two of the negative RIPC studies [32, 42], the

protective protocol was initiated after the first surgical

incision, but prior to cardiopulmonary bypass. Whether the

efficacy of the RIPC stimulus was affected by it being

delivered at the time of the surgical incision is unknown. In

recent experimental studies, it has been reported that a

surgical incision may be sufficient in itself to induce car-

dioprotection in animal models of acute IRI, a phenomenon

which has been termed ‘remote preconditioning of trauma’

[9, 19]. Interestingly, Li et al. [26] found that in patients

undergoing valve surgery, RIPerC with the protective

stimulus applied immediately following aortic cross

clamping (i.e. after the onset of acute global myocardial

ischaemia) was more effective than administering RIPC,

after anesthesia induction and prior to aortic cross clamp.

This is the first RIPC study to apply a protective stimulus

after the onset of aortic cross clamping and from the data it

appears to be more effective than RIPC, at least in this

patient population.

The reason for delay in the administration of RIPC until

after surgical incision in the studies by Rahman et al. [32]

and Young et al. [42] was to allow for the execution of a

more robust sham RIPC protocol, which required the

inflation of a cuff placed on a ‘dummy’ arm (using either a

wooden cylinder or towel) concealed beneath the surgical

drapes [32, 42]. The elaborate design of the sham RIPC
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protocol used by Rahman et al. [32] and Young et al. [42]

was undertaken to ensure the treatment allocation remains

concealed. This precaution was overlooked in most of the

other studies, with the use of an inferior sham RIPC pro-

tocol, comprising a deflated cuff placed on the upper arm.

Whether the type of myocardial preservation strategy

has any influence on the efficacy of RIPC during cardiac

bypass surgery is unknown. The majority of clinical

studies have used cold blood cardioplegia, although a few

have also utilized crystalloid cardioplegia or intermittent

cross-clamp fibrillation (ICCF). The fact that all three

negative RIPC studies were also performed using cold or

tepid blood cardioplegia and in one case ICCF suggests

that the myocardial preservation strategy may not influ-

ence the efficacy of RIPC protection.

The choice of anesthetic regimen used in the clinical

study may be critical to the outcome of the RIPC study

[30]. It is well established in the experimental literature

that inhaled anesthetic agents (such as isoflurane, sevo-

flurane, desflurane and enflurane) confer powerful cardio-

protection in animal models of acute IRI [7, 11, 21]. A

number of meta-analyses have suggested beneficial effects

with inhaled anesthetic agents when compared to intrave-

nous anesthetic agents in patients undergoing cardiopul-

monary bypass surgery, in terms of less PMI and possibly

improved clinical outcomes [24, 34, 43]. There are also

experimental and clinical data to suggest that the intrave-

nous anesthetic agent, propofol, is cardioprotective in

animal models of IRI [27], and during cardiac bypass

surgery [41].

On this background, it is interesting to note that in the

three negative RIPC studies (Table 1), all patients received

a combination of inhaled anesthetic agents and propofol to

maintain anesthesia during cardiac bypass surgery. In

contrast, in the majority of the positive RIPC studies

(Table 1), these anesthetic agents were either not given at

all or if they were, they were not given in combination.

This would suggest that when inhaled anesthetic agents

(such as isoflurane, sevoflurane or enflurane) and propofol

are used in combination to maintain anesthesia during

cardiac bypass surgery, RIPC using the standard protocol

(three 5-min cycles of inflation and deflation of a cuff

placed on the upper arm), may be ineffective. Of interest,

the study by Li et al. [26] also failed to show cardiopro-

tection with RIPC in patients undergoing valve surgery

using maintenance anesthesia with propofol in combina-

tion with isoflurane. However, in that study it was shown

that RIPerC in the protective protocol delivered after aortic

cross clamp was still able to reduce PMI in the presence of

these anesthetic agents. The one clinical study which

directly compared the individual effects of propofol versus

isoflurane on RIPC cardioprotection, demonstrated a

reduction in PMI in those patients receiving isoflurane butT
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not propofol, suggesting that in this study propofol

abrogated the cardioprotective effects of RIPC [23]. The

mechanism through which the anesthetic agents blunt

RIPC protection is unclear. Is the lack of RIPC efficacy due

to the fact that patients are already cardioprotected by these

anesthetic agents? An analysis of the troponin-I release

curves in the study by Kottenberg et al. [23] shows no

difference in magnitude of PMI in the control groups

whether propofol or isoflurane was administered, suggest-

ing that in this study, propofol was actually abrogating

RIPC protection.

In summary, the study by Young et al. [42] adds to the

growing research literature that the cardioprotection elic-

ited by current RIPC protocols is highly dependent on the

conditions of surgery. In this regard, we believe the over-

riding factor appears to be the choice of anesthetic agent

which is used to maintain anesthesia during surgery. All

three negative RIPC studies employed the use of inhaled

anesthetic agents (isoflurane, sevoflurane or enflurane) in

combination with the intravenous anesthetic agent, propo-

fol. Whether a stronger RIPC stimulus (either more cycles

or simultaneous arm and leg cuff inflation) would be

effective in this setting remains to be determined. Impor-

tantly, the results of two large multi-center randomized

controlled clinical trials (ERICCA [10] and RIPHeart:

NCT01067703), which have both been designed to inves-

tigate the effect of RIPC on clinical outcomes in patients

undergoing cardiac bypass surgery, should let us know

whether RIPC will be part of the cardiac surgeons’ future

armamentarium or whether RIPC will be consigned to the

surgical waste bin of history!
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