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Abstract

Background Novel cardioprotective strategies are required
to improve clinical outcomes in high risk patients under-
going coronary artery bypass graft (CABG) £ valve sur-
gery. Remote ischemic preconditioning (RIC), in which
brief episodes of non-lethal ischemia and reperfusion are
applied to the arm or leg, has been demonstrated to reduce
perioperative myocardial injury following CABG =+ valve
surgery. Whether RIC can improve clinical outcomes in
this setting is unknown and is investigated in the effect of
remote ischemic preconditioning on clinical outcomes
(ERICCA) trial in patients undergoing CABG surgery.
(ClinicalTrials.gov Identifier: NCT01247545).

Methods The ERICCA trial is a multicentre randomized
double-blinded controlled clinical trial which will recruit

D. J. Hausenloy and L. Candilio are joint first authors.

D. J. Hausenloy - L. Candilio - D. M. Yellon (D<)

The Hatter Cardiovascular Institute, University College London,
67 Chenies Mews, London WCIE 6HX, UK

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

C. Laing
Royal Free Hospital, London, UK

G. Kunst
Kings College London, London, UK

J. Pepper
Royal Brompton Hospital, London, UK

S. Kolvekar
The Heart Hospital, University College London Hospitals,
London, UK

R. Evans - S. Robertson - R. Knight - C. Ariti - T. Clayton
Clinical Trials Unit, London School of Hygiene and Tropical
Medicine, London, UK

1,610 high-risk patients (Additive Euroscore > 5) under-
going CABG = valve surgery using blood cardioplegia via
27 tertiary centres over 2 years. The primary combined
endpoint will be cardiovascular death, non-fatal myocardial
infarction, coronary revascularization and stroke at 1 year.
Secondary endpoints will include peri-operative myocar-
dial and acute kidney injury, intensive care unit and hos-
pital stay, inotrope score, left ventricular ejection fraction,
changes of quality of life and exercise tolerance. Patients
will be randomized to receive after induction of anesthesia
either RIC (4 cycles of 5 min inflation to 200 mmHg and
5 min deflation of a blood pressure cuff placed on the
upper arm) or sham RIC (4 cycles of simulated inflations
and deflations of the blood pressure cuff).

Implications The findings from the ERICCA trial have the
potential to demonstrate that RIC, a simple, non-invasive
and virtually cost-free intervention, can improve clinical
outcomes in higher-risk patients undergoing CABG =+
valve surgery.

Keywords Remote preconditioning - Ischaemia -
Reperfusion - Clinical trial - CABG surgery

Background

Coronary heart disease (CHD) is the leading cause of death
and disability worldwide and accounts for 3.8 million of
men and 3.4 million of women deaths every year. CABG
surgery remains the procedure of choice for coronary artery
revascularization in patients with multi-vessel coronary
artery disease. Currently, high-risk CHD patients are being
operated on due to the aging population, the increasing
prevalence of co-morbidities such as diabetes, hyperten-
sion, valve disease and the presence of more complex
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disease [1]. Surgery in these patients is associated with an
elevated overall operative risk of 5-6% compared to 1% in
lower-risk patients [2], as well as an increased risk of peri-
procedural myocardial injury (as measured by serum CK-
MB, Troponin T or I) [3], acute kidney injury (AKI) [4]
and stroke [5], the presence of which are associated with
worse clinical outcomes [6—16]. Myocardial injury during
CABG surgery may be attributed to different mechanisms,
including most importantly acute myocardial ischemia—
reperfusion injury (IRI), but also inflammatory response to
the extraneous substances in the cardiopulmonary bypass
circuit, left ventricular over-distension, coronary athero-
embolism [17], increased cardiac workload during the
intraoperative period, and direct myocardial injury due to
retraction and handling of the heart [18].

According to the technique used, myocardial IRI can be
the result of intermittent cross-clamping, intermittent or
continuous administration of cardioplegic solution, cross-
clamp fibrillation or a combination of these methods and
may manifest as myocardial stunning [19], the so called
no-reflow phenomenon [20], reperfusion arrhythmias [21]
and lethal reperfusion injury [22], the latter of which would
be of most concern. A variety of factors are believed to
contribute to lethal myocardial IRI and include oxidative
stress [23], pH changes [24] calcium overload [22], the
acute inflammatory response [25] and important metabolic
changes [26], many of which impact on the opening of the
mitochondrial permeability transition pore (mPTP), a crit-
ical determinant of cell death in the setting of acute
IRI [27].

Whilst cardioprotective strategies have been overall
extremely encouraging in experimental studies, the trans-
lation from bench to bedside has not always resulted in
positive outcomes and this could be due to the obvious
differences between the species involved, the size and age of
animals used and the absence of co-morbidities and con-
comitant treatments in the experimental models [28, 29].

Both pharmacological and non-pharmacological inter-
ventions have been investigated to enhance the innate
process of cardioprotection and therefore to limit or
prevent acute myocardial IRI. Amongst the non-pharma-
cological strategies, ischemic preconditioning (IPC), per-
conditioning (IPerC) and postconditioning (IPost) have
been extensively investigated in both the laboratory and
clinical settings. In IPC, the heart is subject to brief epi-
sodes of non-lethal ischemia and reperfusion prior to the
sustained episode of lethal ischemia and reperfusion; in
IPerC and IPost the protective stimulus is applied after the
onset of myocardial ischemia or at the time of myocardial
reperfusion, respectively [30]. However, both IPerC and
[Post require an invasive intervention applied directly to
the myocardium in order to achieve cardioprotection and
may therefore be impractical or even harmful, particularly
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in the setting of an acute myocardial infarction (AMI). In
this perspective, the phenomenon of remote ischemic
conditioning (RIC) appears extremely encouraging: it
describes the phenomenon in which brief episodes of non-
lethal ischemia and reperfusion to an organ (i.e. kidney,
liver or small intestine) or tissue (i.e. skeletal muscle),
protect the heart against a sustained episode of lethal IRI
[31, 32]. Therefore, RIC does not imply a direct inter-
vention on the heart to achieve cardioprotection.

The concept of RIC was first introduced in 1993 by
Przyklenk et al. [31], who demonstrated that IPC protects
canine myocardium both in the territory exposed to brief
coronary occlusion and in a vascular bed distant or remote
or “virgin”. Following this, pioneering studies by Mac-
Allister et al. [33] demonstrated that RIC could be
reproduced by non-invasively applying brief episodes of
ischemia and reperfusion to the forearm using a standard
blood pressure cuff. Since then, a number of proof-of-
concept clinical studies have demonstrated that RIC com-
prising brief episodes of non-lethal ischemia and reperfu-
sion to the arm or leg, non-invasively applied by inflating a
blood pressure to supra-systolic pressures placed on the
arm or leg, can protect the heart during CABG surgery
from peri-operative myocardial injury as evidenced by
reduced serum troponin T [34-37]. A similar RIC stimulus
has been reported to be protective in a number of different
clinical settings including elective surgical repair of
abdominal aortic aneurysm (AAA) [38, 39], elective cer-
vical decompression surgery [40]; elective PCI [41] and
in ST-segment elevation myocardial infarction patients
undergoing primary percutaneous intervention (PCI) [42].

Currently, whether this non-invasive virtually cost-free
intervention can improve clinical outcomes in higher-risk
patients undergoing CABG = valve surgery is unknown and
is the objective of the proposed effect of remote ischemic
preconditioning on clinical outcomes (ERICCA) trial in
patients undergoing coronary artery bypass graft (CABG)
surgery. (ClinicalTrials.gov Identifier: NCT01247545).

Methods
Study objectives

The primary objective of this study is to determine whether
RIC improves 1 year clinical outcomes (cardiovascular
death, non-fatal myocardial infarction, revascularization
and stroke) in higher-risk adult patients undergoing
CABG = valve surgery. The secondary research objectives
are to determine whether RIC improves the above clinical
outcomes at 30 days post-surgery; has an effect on all-
cause death; reduces peri-operative myocardial injury and
preserves LV systolic function; reduces AKI; improves
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patient morbidity [intensive care unit (ICU) stay and hos-
pital stay], lessens inotrope requirements and improves
exercise tolerance and quality of life.

Study design

The study has received Ethical Committee approval. The
ERICCA trial is a controlled randomized multi-centre
double blind trial. It investigates the effect of RIC on
1 year clinical outcomes in 1,610 high-risk (Euroscore
> 5) patients undergoing CABG = valve surgery recruited
via 27 tertiary cardiac centres in the UK.

Study population

Patient inclusion criteria are as follows: the patient is
>18 years old, scheduled for CABG =+ valve surgery with
blood cardioplegia, and has an additive Euroscore equal or
above 5 (Fig. 1). Patient exclusion criteria include the
following: history of cardiogenic shock or cardiac arrest
during the current admission; pregnancy; significant
peripheral arterial disease affecting the upper limbs; sig-
nificant hepatic impairment (Bilirubin > 20 mmol/L, INR
> 2.0); significant pulmonary disease (FEV1 < 40% pre-
dicted); renal failure with a GFR <30 mL/min/1.73 m?;
concomitant treatment with glibenclamide or nicorandil (as
these medications may interfere with the cardioprotection
elicited by RIC). All patients will freely give their
informed consent to participate in the study and may decide
to withdraw from the study at any time. The study will
conform to the spirit and the letter of the declaration of
Helsinki, and in accordance with the UCL Good Clinical
Practice Guidelines.

Intervention

The intervention being assessed is RIC, which will be
performed after the induction of anesthesia but prior to
surgery and will occur within 1 hour of the institution of
cardiac bypass. Those patients randomized to receive RIC
will have a standard blood pressure cuff placed on the
upper arm, inflated to 200 mmHg for 5 min and then
deflated for 5 min, a cycle which will be performed four
times in total. For patients with systolic blood pressures
>185 mmHg, the cuff will be inflated to at least 15 mmHg
above the patient’s systolic blood pressure. The sham RIC
protocol is described as follows: the air valve on the blood
pressure cuff is first opened such that the cuff is not inflated
on squeezing the attached bulb. The bulb will then be
squeezed for a duration of 15 s to give the impression that
the cuff is being inflated. After 5 min, the air valve will be
closed to give the impression that the cuff is being deflated.

After 5 min, the air valve will be opened again and the bulb
squeezed as before: the above cycle will be repeated four
times in total. This is to ensure the rigorous blindness of the
anesthetic and surgical teams as well as non-medical the-
atre staff. These interventions will be undertaken after the
induction of anesthesia and will not prolong the anesthetic
time or delay the onset of surgery.

We have decided to use four cycles of 5 min of cuff
inflation and deflation as we wish to maximize the RIC
stimulus to overcome potential resistance of diabetic heart
and the presence of other factors interfering with cardio-
protection such as volatile anesthetics including isoflurane.
Moreover, the application of four cycles of 5 min inflation/
deflation was reported to be beneficial in patients with
STEMI undergoing primary PCI [42].

Randomization and allocation

On the morning of surgery, patients will be randomized to
one of two groups, either RIC or control. Randomization
will be coordinated centrally by the Clinical Trials Unit
based at the London School of Hygiene and Tropical
Medicine via a secure web-site and will be stratified by
center using random permuted blocks. This will only be
accessed by the research nurse responsible for performing
either the RIC or sham RIC protocol. The same research
nurse will be the only person in each centre aware of the
treatment allocation for the patient and he/she will not be
involved with the data collection other than those relating to
the actual randomization procedure. Treatment allocations
will only be known by one research nurse at each centre.
The patient, cardiac surgeons and anesthetists, the research
nurses collecting the data, and the assessor of clinical out-
comes will all be blinded to the treatment allocation.

Study endpoints
Primary clinical endpoint

Major adverse cardiac events (cardiovascular death, non-
fatal myocardial infarction, repeat revascularization) and
cerebrovascular events (stroke) calculated at 12 months
post-surgery.

Cardiovascular death will be defined as death due to a
known cardiovascular cause or where the cause of death is
unknown, i.e. where no other cause of death has been
identified from the medical history or an autopsy.

Repeat revascularization will be defined as any PCI or
repeat-CABG =+ valve surgery within the first year post-
surgery.

Mbyocardial infarction will include both peri-operative
myocardial infarction and myocardial infarction following
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Fig. 1 Study flow chart

PATIENTS UNDERGOING CABG WITH OR WITHOUT VALVE SURGERY

(EUROSCORE GREATER THAN OR EQUAL TO 5)

Pre-op

PIS sent 2 weeks prior to

Patient recruited while
inpatient
PIS, Consent, SMWT, QOL
Echo substudy

Patient recruited
while outpatient

pre-admission clinic

A 4

Consent, SMWT, QOL, echo substudy

Preadmission clinic

On the morning of surgery

After induction of anaesthetic

——

RANDOMISATION
1:1 Control:RIC
Serum Trop T, NGAL, Creatinine

CONTROL RIC

(sham RIC)

Surgery

72hr area under curve (AUC) Trop T, 24hr NGAL, serum creatinine,

CARDIAC SURGERY

Inotrope score after 72 hours

7 days post surgery

6 weeks post surgery

3, 6 and 9 months post surgery

12 months post surgery

cardiac surgery. Peri-operative myocardial infarction (type
5 myocardial infarction) [43] will be indicated by bio-
marker (high-sensitive Troponin T) values more than five
times the 99th percentile of the normal reference range
during the first 72 h following CABG =+ valve surgery,
when associated with the appearance of new pathological
Q-waves or new left bundle branch block (LBBB), or an-
giographically documented new graft or native coronary
artery occlusion, or imaging evidence of new loss of viable
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PATIENT DISCHARGE
ITU and hospital stay

Serum creatinine, SMWT, QOL, ECG

Primary-endpoint: MACCE
Serum creat, QOL, ECG, echo (substudy)

myocardium. Post-surgical myocardial infarction will be
defined by: (1) a rise and/or fall of Troponin T compared to
baseline with at least one value above the 99th percentile of
the upper reference limit together with evidence of myo-
cardial ischemia with at least one of the following: symp-
toms of ischemia, ECG changes indicative of new ischemia
(new ST-T changes of new LBBB), development of Q
waves in the ECG, imaging evidence of new loss of viable
myocardium or new regional wall motion abnormality; (2)
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sudden unexpected cardiac death involving cardiac arrest
often with symptoms suggestive of myocardial ischemia
and accompanied by presumably new ST-elevation or new
LBBB and/or fresh thrombus on coronary angiography
and/or at autopsy, but death occurring before blood sam-
ples could be obtained or at time before the appearance of
cardiac troponin T in the blood.

Stroke will be defined as a focal, central neurological
deficit lasting >72 h which results in irreversible brain
damage or body impairment.

Secondary clinical end-points

Clinical outcome at 30 days, including CV death, non-fatal
myocardial infarction, revascularization and stroke.

All-cause death
Peri-operative high-sensitive Troponin-T

This will be assessed by measuring serum high-sensitive
Troponin-T pre-operatively and at 6, 12, 24, 48, 72 h post
coming off cardiac bypass. Following elective CABG =+
valve surgery, several studies have demonstrated that peri-
operative myocardial injury, indicated by the release of the
cardiac enzymes CK-MB, Troponin-T and Troponin-I is
associated with worse clinical outcomes following surgery
[6-16].

Length of ICU/hospital stay and inotrope score

The length of ICU and hospital stay and the inotrope score
are factors which can be influenced by the outcome of
surgery and which have an important impact on health-care
resources. The inotrope score provides an objective mea-
surement of the requirement of inotropes in the immediate
post-operative period. Data on inotrope requirement will be
collected daily from the medical drug chart on the ICU. This
will be adapted from a study by Ko et al. [44] and will be
calculated at O (time when coming off bypass), 24, 48 and
72 h after the surgery using the formula below. The ino-
trope score for the particular time point is calculated as
follows: at time O, the inotrope score will be calculated from
the dose of the individual inotropes used at the time of
coming off bypass. For 24-, 48- and 72-h time-points, the
inotrope score will be calculated from the maximum dose of
the individual inotropes used in the previous 24-h period.
Inotrope score =

1. Dopamine + Dobutamine +

2.  + [(Adrenaline + Noradrenaline +
Isoproterenol + Isoproterenol) x 100]

3. 4+ [Enoximone (or Milrinone) x 15]

All dosages will be in pg/kg/min.

The dosage of Levosimendan will be documented when
given.

Remote ischemic preconditioning may impact on these
outcome measures by reducing myocardial ischemic injury
and preserving left ventricular (LV) systolic function.

Peri-operative AKI

This will be measured by (1) the AKI Score, calculated
over the 3-day peri-operative period (Table 1) with serum
creatinine measured daily for 3 days (and at 6 weeks and
1-year post-surgery) and urine volumes monitored daily;
(2) Neutrophil gelatinase-associated lipocalin (NGAL), a
new early marker for AKI, with levels rising rapidly after
renal injury [45, 46], measured pre-operatively, 6, 12 and
24 h (post-coming off cardiac bypass).

The six minute walk test (6MWT)

This will be performed at baseline, 6 weeks (in the out-
patient clinic follow-up appointment), and at 1-year (in the
research outpatient clinic follow-up appointment) post-
CABG = valve surgery. Patients will be instructed to walk
as far as possible along a straight, flat hospital corridor in
6 min. The 6MWT will be used to evaluate the effect of
RIC on the functional status of patients undergoing
CABG = valve surgery [47]. Shortly after CABG =+ valve
surgery, functional capacity is significantly reduced, but
it rapidly improves after cardiac rehabilitation. This
improvement has been found to be independent of age, sex,
co-morbidities and baseline functional capacity [47].

Quality of life

The EuroQol EQ-5D Health-Related Quality of Life
(HRQOL) questionnaire (http://www.euroqol.org) will be
used to assess patients’ quality of life post-CABG =+ valve
surgery [48], at baseline, at 6 weeks (in the surgical out-
patient clinic follow-up appointment), at 3 months
(by post/e-mail), at 6 months (by post/e-mail), at 9 months

Table 1 The acute kidney injury score

AKI  Creatinine criteria Urine output

grade criteria
1 A rise of >26.4 pmol/L or 150-200% <0.5 ml/kg/h for
of baseline >6 h
2 A rise of 200-300% of baseline <0.5 ml kg/h for
>12h
3 An increase of >300%; or serum <0.3 ml/kg/h for

>24 h or anuria
for 12 h

creatinine >354 pmol/L with an
acute rise of at least of 44 pmol/L
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(by post/e-mail) and at 1-year post surgery (in the research
outpatient clinic follow-up appointment). Non-responders
will be telephoned.

Left ventricular ejection fraction

A subgroup of 140 patients at two recruitment centres
will have a transthoracic echocardiogram performed by bi-
planar Simpson’s technique and 3D echo techniques, in
order to assess left ventricular ejection fraction (LVEF)
at baseline and at l-year post surgery (in the research
outpatient clinic follow-up appointment).

Statistical considerations

A detailed statistical analysis plan will be produced prior to
unblinding of any data.

Sample size calculation

There will be two arms to the trial: RIC and control. We plan
to recruit 1,610 patients through 27 tertiary centres. In the
SYNTAX study the MACCE (death, myocardial infarction,
revascularization and stroke) rate was 12.4% of patients at
12 months following CABG surgery [49]. However, the
patients recruited into the SYNTAX study were generally
lower-risk than those to be recruited in ERICCA with a
mean EuroSCORE of 3.8, whereas the patients we intend to
recruit in our study are higher-risk with EuroSCORE > 5.
In another study comprising higher-risk patient defined
by them all having left main stem coronary lesions, the
MACCE rate (which included some additional neurological
criteria) at 1 year was estimated to be 25% [50]. Therefore,
for our higher-risk CABG = valve surgery patients we have
estimated an MACCE rate of 20% at 1 year, which means
that to detect a 27% relative reduction in this primary end-
point in the RIC-treated group (from 20.0 to 14.6%), with a
power of 80% and a significance level of 5%, a sample size
of 770 patients will be required for each trial arm (1,540 in
total). This was chosen to represent a clinically significant
effect, which is less than the reductions in myocardial injury
observed in the previously mentioned proof-of-concept
clinical studies (i.e. 40-50% reductions in serum cardiac
enzymes). To allow for up to 5% dropouts, we plan to recruit
1,610 patients in total (805 patients each arm).

With regards to the ECHO subgroup analysis involving
140 patients in two of the centres, in a previous study [51]
IPost was reported to improve LVEF by 7% (absolute
increase) from 49 to 56% at 1 year in ST-elevation myo-
cardial infarction patients. In order to detect a smaller mean
difference of 5% with a common SD of 10.5%, the sub-
study requires 70 patients in each group (140 in total) using
80% power and a 5% significance level.
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Statistical analysis

The primary analysis will be a comparison of the 1-year
MACCE rate between the RIC and control arms of the trial.
Survival analyses techniques will be used for MACCE and
other clinical endpoints. Hazard ratios and confidence
intervals will be calculated using Cox proportional hazards
modeling and Kaplan-Meier curves produced. The
assumptions underlying the Cox model will be assessed. In
addition, risk differences at 1 year together with 95%
confidence intervals will be calculated. Differences in
means (continuous variables) together with 95% confi-
dence intervals will be calculated using linear regression
models and analysis of covariance techniques where
appropriate. Analysis will be by intention to treat on using
all available data. We plan to undertake a limited number
of subgroup analyses: these will include age, baseline
EuroSCORE, LVEF, diabetic status, aortic cross-clamp
time, cardiac bypass time and method of cardioplegia
(anterograde vs. retrograde blood cardioplegia). All sub-
jects randomized to the study will be analyzed on an
intention to treat basis. Data will be validated and the data
analysis will take appropriate account of missing values.

Study monitoring

A Trial Steering Committee (TSC) will be responsible for
drafting the final report and submission for publication and
will meet every 6 months. A Trial Management Group
(TMG) will meet weekly during the planning stages of the
study and less frequently when the study is actually
recruiting. An independent clinical events committee will
be convened comprising an independent cardiologist, car-
diac surgeon and neurologist. A Data Monitoring and
Ethics Committee (DMEC) will meet at the start of the trial
to establish a DMEC charter, soon after recruitment has
started and then at least annually to determine if there are
any unforeseen effects of RIC. This will be the only group,
along with the statistician producing the reports for the
DMEC, who will see interim analyses by treatment.

Discussion

In the ERICCA trial, we will investigate whether RIC, a
non-invasive virtually cost free cardioprotective strategy
can improve clinical outcomes at 1 year in higher-risk
patients undergoing CABG =+ valve surgery. The risk
profile of patients undergoing CABG surgery continues to
change with factors such as (a) the aging population (the
proportion of patients over 75 years old has increased by
more than 4.5-fold over the last decade with the 5-year
mortality in this age group being 35%); (b) the increasing
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prevalence of diabetes (the proportion of diabetic patients
has risen from 15 to 22%, with the operative mortality in
this patient group being 2.6%) resulting in an increase in
the number of higher-risk patients (defined as an additive
EuroSCORE > 5) being operated upon and a correspond-
ing increase in overall operative risk to 5—6% [1, 2]. These
higher-risk patients are at a greater risk of peri-operative
complications, which are associated with a worse clinical
outcome, such as peri-procedural myocardial injury [3],
inotropic support post-surgery, significant AKI (up to 34%
of patients) [4] and stroke (1-3%) [5]. Peri-operative
myocardial injury, as measured by serum CK-MB, Tro-
ponin-T or Troponin-I during surgery has been associated
with worse clinical outcomes post-surgery [6—16].

The discovery that the RIC stimulus could be reproduced
by applying brief episodes of ischemia and reperfusion to
the upper or lower limb [52, 53] has facilitated its recent
translation from animal studies into the clinical arena.
MacAllister et al. [30, 54] were the first to demonstrate the
concept of RIC in human volunteers by inflating a blood
pressure cuff around the upper arm to 200 mmHg for 5 min
and deflating the cuff for 5 min (to induce ischemia and
reperfusion, respectively), a cycle which was repeated two
more times, with subsequent attenuation of ischemia-
induced endothelial dysfunction in the contralateral arm.
Cheung et al. [36] applied RIC in children undergoing
cardiac surgery using four-5 min cycles of lower limb
ischemia and reperfusion, with reduction of myocardial
injury, airway resistance and inotrope score. We then
demonstrated [34, 35] that three-5 min cycles of upper limb
ischemia and reperfusion reduced myocardial injury in
adult patients undergoing elective CABG = valve surgery.

More recently, RIC using lower limb ischemia/reperfu-
sion has also been reported to induce cardiac, renal and
neurological protection in elective surgery for AAA [38,
39] and cervical decompression [40]. Hoole et al. [41] have
reported that RIC using brief ischemia and reperfusion of
the arm reduced the peri-procedural myocardial injury
associated with elective PCI for stable CHD. Botker et al.
[42] have recently demonstrated that RIC using four-5
minute cuff inflations/deflations administered in ambulance
reduced myocardial infarct size in ST-elevation myocardial
infarction patients undergoing primary PCIL. In patients
undergoing valve surgery alone, RIC comprising three
4-min cycles of cuff inflation and deflation on the lower
limb applied at the time of aortic bypass was found to
reduce peri-operative myocardial injury although RIC with
the same stimulus applied prior to surgery was reported to
be ineffective [55]. In patients undergoing off-pump
CABG surgery, RIC only resulted in a non-significant 26%
reduction in peri-operative myocardial injury as measured
by ¢Tnl [56].

Interestingly, not all the studies investigating the effects
of RIC in CHD have been positive: [liodromitis et al. [57]
showed more myocardial injury in low-risk patients
undergoing elective PCI receiving RIC, although a non-
standard RIC protocol was applied, comprising bilateral
arm cuff inflation and deflation, and the study may have
been underpowered. Moreover, the largest clinical study of
RIC in CABG surgery to be published (162 patients ran-
domized to RIC or control) [58] failed to demonstrate any
benefits with RIC (three-5-min cycles of inflation and
deflation of a blood pressure cuff placed on the upper arm)
in terms of peri-operative myocardial injury (cTnT
release), ECG changes, cardiac index, inotrope require-
ments, renal impairment and lung injury. The reason for
this negative study is not clear but may be attributable to
patient selection (patients with unstable angina were
included- these patients may have been inadvertently pre-
conditioned), the RIC stimulus (which was applied in a
‘blinded’ fashion with the position of the cuff on the arm
hidden from view) or concomitant medication (the pres-
ence of inhalational anesthetics and intravenous glycerine
trinitrate may have interfered with the cardioprotective
effect of RIC). In a recently published small study com-
prising 54 patients undergoing elective CABG under a
strict anesthetic regime (the volatile anesthetic isoflurane
was given for maintenance of anesthesia until institution of
cardio-pulmonary bypass and the intravenous anesthetic
propofol was used for induction and following cardio-
pulmonary bypass initiation until the end of surgery),
Karuppasamy et al. [59] again demonstrated no significant
difference in myocardial injury and inflammatory response
between RIC and placebo subjects59, although it is possi-
ble that the same anesthetics choice and/or their timing
might have interfered with RIC [60].

Importantly, in our proposed ERICCA trial, we also
intend to include patients undergoing valve surgery in
addition to CABG surgery in order to determine whether
this higher-risk surgical group may benefit in terms of
improved clinical outcomes with RIC. Furthermore, in the
previously cited proof-of-concept clinical trials [34, 35]
valve surgery patients were included and were demon-
strated to benefit from RIC and recent studies specifically
investigating ischemic postconditioning have reported
benefit in patients undergoing aortic valve surgery [55].

In summary, the ERICCA trial is a large multicentre
randomized double blinded clinical trial, which will
investigate whether RIC can improve clinical outcomes at
1 year in higher-risk patients undergoing CABG =+ valve
surgery. The findings from this trial have the potential to
change clinic practice with the introduction of a non-
invasive virtually cost-free cardioprotective strategy for
improving clinical outcomes in patients with IHD.
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