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Abstract
To test whether remote ischaemic conditioning (RIC) as adjuvant to standard of care (SOC) would prevent progression 
towards heart failure (HF) after ST-elevation myocardial infarction (STEMI). Single-centre parallel 1:1 randomized trial 
(computerized block-randomization, concealed allocation) to assess superiority of RIC (3 cycles of intermittent 5 min 
lower limb ischaemia) over SOC in consecutive STEMI patients (NCT02313961, clinical trials.gov). From 258 patients 
randomized to RIC or SOC, 9 and 4% were excluded because of unconfirmed diagnosis and previously unrecognized exclu-
sion criteria, respectively. Combined primary outcome of cardiac mortality and hospitalization for HF was reduced in RIC 
compared with SOC (n = 231 and 217, respectively; HR = 0.35, 95% CI 0.15–0.78) as well as each outcome in isolation. 
No difference was found in serum troponin I levels between groups. Median and maximum follow-up time were 2.1 and 
3.7 years, respectively. In-hospital HF (RR = 0.68, 95% CI 0.47–0.98), need for diuretics (RR = 0.68, 95% CI 0.48–0.97) and 
inotropes and/or intra-aortic balloon pump (RR = 0.17, 95% CI 0.04–0.76) were decreased in RIC. On planned 12 months 
follow-up echocardiography (n = 193 and 173 in RIC and SOC, respectively) ejection fraction (EF) recovery was enhanced 
in patients presenting with impaired left ventricular (LV) function (10% absolute difference in median EF compared with 
SOC; P < 0.001). In addition to previously reported improved myocardial salvage index and reduced infarct size RIC was 
shown beneficial in a combined hard clinical endpoint of cardiac mortality and hospitalization for HF. Improved EF recovery 
was also documented in patients with impaired LV function.

Keywords  ST-elevation myocardial infarction · Remote ischaemic conditioning · Heart failure · Randomized controlled 
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PCI	� Percutaneous coronary intervention
RCT​	� Randomized controlled trial
RIC	� Remote ischaemic conditioning
RR	� Risk ratio
SOC	� Standard of care
STEMI	� ST-elevation myocardial infarction
TIMI	� Thrombolysis in myocardial infarction study 

group grading of coronary flow

Introduction

Ischaemic heart disease (IHD) and myocardial infarction 
(MI) remain the leading cause of mortality in Europe [22]. 
ST-elevation myocardial infarction (STEMI) incidence 
declined due to aggressive control of risk factors while mor-
tality was reduced by combined effects of timely primary 
percutaneous coronary intervention (PCI) and optimized 
medical therapy [4, 10]. An increasing number of survivors, 
however, are at risk of left ventricular (LV) dysfunction [17]. 
PCI worsens ischaemia–reperfusion injury (IRI), which later 
accounts for larger infarct size and ensuing heart failure (HF) 
[7]. Indeed, 6-month mortality figures after STEMI remain 
high, warranting a shift in focus towards HF prevention [6]. 
The rationale underlying protection by ischaemic condition-
ing has been extensively reviewed [11, 14], but translation 
to the clinics has been unwieldy [10, 12]. From various 
alternatives remote ischaemic conditioning (RIC) seems 
the most promising [10]. Myocardial salvage index was 
improved 30 days after PCI in STEMI patients assigned to 
concomitant RIC [2] as was long-term prognosis in post hoc 
analysis [21]. A recent meta-analysis concluded that RIC is a 
promising adjunctive treatment to PCI for prevention of IRI 
in STEMI [18]. Most importantly, larger studies addressing 
hard clinical endpoints as primary outcome measures are 
warranted [10].

Our aim was to test the hypothesis that RIC as adjuvant 
therapy to standard of care PCI (SOC) could reduce a com-
bined primary outcome measure of cardiac mortality and 
hospitalization for HF on follow-up after STEMI.

Methods

Trial design

We conducted a single-centre, open-label, parallel 1:1 
randomized controlled trial (RCT) to assess superiority 
of RIC as an adjunctive therapy to SOC in consecutive 
all-comer patients presenting with STEMI between March 
2013 and December 2015 (RIC-STEMI). The study was 
approved by our Institution’s Ethical Committee and was 
conducted in accordance with the Declaration of Helsinki 

1964 as revised in 2013 and the International Conference 
of Harmonisation Guidelines for Good Clinical Practice. 
All patients gave written informed consent. The protocol 
was published [8] and registered prospectively in clinical-
trials.gov (NCT02313961). No major changes to design 
were implemented. Patient enrolment went as planned.

Eligible patients were ≥ 18 years old, presenting to 
the emergency department of Hospital de Braga (HB) 
with putative STEMI defined as chest (or epigastric) 
pain > 30 min within 12 h of onset and either (1) new 
ST-elevation at the J point in 2 contiguous leads (cut-off 
points of ≥ 0.2 and ≥ 0.15 mV in men and women, respec-
tively) in leads V2–V3 or ≥ 0.1 mV in other leads; (2) 
or new left bundle branch block. Exclusion criteria were: 
cardiogenic shock as defined by systolic blood pressure 
(BP) < 90 mmHg and evidence of tissue hypoperfusion, 
post-cardiac arrest status, need for mechanical ventila-
tion, known peripheral artery disease or evidence of lower 
limb ischaemia, and recent MI (within 30 days). Eligible 
patients were first enrolled based on presumed diagnosis 
and witnessed oral consent. Written consent was obtained 
under stable medical conditions as soon as possible.

Intervention

Participants were randomized 1:1 to adjunctive therapy 
with RIC or SOC in blocks of 4 according to a computer-
generated list. Randomization list was held back at the 
department and accessed by an assigned nurse that was 
previously unaware of allocation. Intervention consisted 
of placement of a BP cuff in the left lower limb upon 
arrival to the cardiac catheterization laboratory. Attend-
ing physicians and patients were unaware of allocation 
status but were not blinded. RIC was begun 10 min before 
the estimated time of first balloon inflation. Ischaemia was 
induced by 3 cycles of inflation and deflation of the cuff 
to 200 and 0 mmHg, respectively, for 5 min each (infla-
tion and deflation). Patients allocated to SOC did not have 
their cuffs inflated. SOC consisted of 250 mg intravenous 
aspirin, an oral P2Y12 inhibitor and 5000 IU intravenous 
unfractionated heparin according to institutional guide-
lines. The choice of balloons, stents and procedure as well 
as the use of glycoprotein IIb/IIIa inhibitors were left to 
the discretion of attending physicians. Radial arteries were 
the preferred access for cardiac catheterization. According 
to the institution’s practice intracoronary vasodilators are 
not used except for nitrates in cases of slow flow. Patients 
were excluded from further analysis if STEMI was not 
confirmed on coronarography. Venous samples were col-
lected serially at 12-h intervals from admission to 48 h. 
Patient data were anonymized and group allocation was 
veiled as of the intervention.
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Outcomes

The primary outcome measure was combined mortality 
from cardiac cause or hospitalization for HF on follow-
up. Minimum predefined follow-up time was 12 months. 
Secondary outcome measures were 48-h area under curve 
(AUC) of serum troponin I levels (trapezoidal rule), ejec-
tion fraction (EF) on follow-up (estimated by Simpson’s 
biplane method), contrast-induced nephropathy (CIN), and 
all-cause mortality, cardiac mortality, hospitalization for 
HF and major adverse cardiovascular and cerebrovascu-
lar events on follow-up (MACCE). CIN was defined as 
impaired renal function denoted by either > 25% increase 
or an absolute increase > 0.5  mg/dL in serum creati-
nine after cardiac catheterization Hospitalization for HF 
included readmissions due to acute or chronically decom-
pensated HF (NYHA class > II) or planned implantation 
of cardioverter–defibrillator (ICD) or cardiac resynchro-
nization therapy device (CRT). Admission was of the 
sole responsibility of attending physicians from HB or 
neighbouring institutions. Diagnosis of decompensated 
HF was confirmed from electronic health records in every 
patient by NYHA class worsening and raised natriuretic 
peptide levels. MACCE was defined as the composite of 
death, MI, stroke, or target vessel revascularization. Stroke 
was presumed from persistent neurologic deficits. Data 
were obtained through patient visits, medical records and 
structured phone interviews. Follow-up echocardiogra-
phy was scheduled for 12 months post-STEMI. Cause of 
death was assigned and reviewed blindly by 3 consulting 
cardiologists and 2 independent researchers, respectively. 
Cardiac death was defined as natural death due to cardiac 
causes and required evidence of cardiogenic shock, acutely 
decompensated heart failure or sudden cardiac arrest. All 
cases in which there was a reasonable doubt regarding 
cause of death were not considered as cardiac. Patients 
found dead at home were not considered to have died of 
cardiac cause. Database was audited and double-checked 
by two independent researchers. Allocation of patients to 
group was only revealed when the database was deemed 
to be complete.

Sample size

Sample size was estimated as 246 in each group admit-
ting: 36 months accrual period, minimum follow-up of 
12 months, primary outcome incidence of 14% (data were 
obtained from HB registries) and treatment effect of 40% 
(arbitrarily set as relevant) with two-tailed type I error set at 
0.05 and power at 0.80. Estimates took under consideration 
8% cases of unconfirmed STEMI (data were obtained from 
HB registries), 5% drop-outs and 5% losses to follow-up.

Statistical analysis

Statistical analysis was carried out by an independent 
researcher blinded to the specific groups under evaluation 
(randomly coded as binary variable) using IBM® SPSS® 
software version 23 and R version 3.4.1. Normality of dis-
tribution was checked (Shapiro–Wilk’s test). Categorical 
and continuous variables are: count (percentage) and median 
(interquartile range), respectively. Continuous variables 
were not normally distributed. Chi-square test was used to 
compare categorical variables (Yate’s continuity correction 
for expected counts per category < 5), Kendall’s tau-c and 
Mann–Whitney’s test were used to compare ordinal and con-
tinuous variables, respectively. Because normal distribution 
of residuals and homogeneity of variances were violated, 
follow-up EF data were compared after aligned rank trans-
formation for nonparametric repeated-measures ANOVA 
[24] with R package https​://githu​b.com/mjska​y/ARToo​l. A 
similar approach was undertaken for TIMI flow grade before 
and after angioplasty. Risk ratios (RR) were computed for 
binomial outcomes along with their 95% confidence inter-
vals (CI). Cox’s proportional hazards model with Breslow’s 
method for ties was employed to compute cumulative hazard 
of time-to-event outcome measures. Results are reported as 
hazard ratio (HR) and 95% CI. Patient subgroup analyses 
were performed for the main outcome as pre-specified.

Results

Figure 1 shows the trial profile. We assessed 593 patients for 
eligibility at arrival to the catheterization laboratory and 516 
were randomized. All of the 258 patients randomly allocated 
to RIC or SOC received the predefined intervention. Later, 
45 patients (9%) were excluded because STEMI diagnosis 
was not confirmed and 21 (4%) due to previously unrecog-
nized exclusion criteria. Alternative diagnoses were Takot-
subo cardiomyopathy (10 and 8 patients in SOC and RIC, 
respectively), myocarditis or pericarditis (5 and 3 patients in 
SOC and RIC, respectively), non-ST elevation MI (6 and 3 
patients in SOC and RIC, respectively) and other (5 patients 
in each group). Previously unrecognized exclusion criteria 
were cardiogenic shock (4 SOC and 2 RIC patients), post-
cardiac arrest status (3 SOC and 2 RIC patients) and symp-
toms with over 12 h of duration (6 SOC and 4 RIC patients). 
No difference between groups was found in the proportion of 
excluded patients (10 vs 15%, P = 0.12). Finally, 2 patients 
were lost to follow-up in SOC (1%) due to emigration. Ana-
lysed samples consisted of 231 and 217 patients in RIC and 
SOC, respectively. Patients undergoing RIC experienced no 
adverse effect besides mild–moderate local discomfort.

RIC and SOC were well-balanced for baseline char-
acteristics (Table 1), except for higher concentrations of 

https://github.com/mjskay/ARTool
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haemoglobin in RIC. There were also no procedural dif-
ferences at the catheterization laboratory (Table 2). No 
interaction was found between group and change in TIMI 
flow grade after angioplasty (P = 0.70).

During hospital stay, no divergence was found for 48-h 
area under curve of serum troponin I levels or its peak lev-
els between RIC and SOC (Fig. 2a). No differences were 
found also for occurrence of malignant arrhythmias, com-
plete atrioventricular block, post-MI angina or recurrent 
MI (data not shown). All-cause mortality did not differ 
between RIC and SOC (Fig. 2b). Only 2 SOC patients died 
from cardiac cause. RIC had no effects on CIN whilst it 
reduced the risk of HF development as well as the need for 
diuretics or intra-aortic balloon pump (IABP) and/or ino-
tropes during hospital stay (Fig. 2b). Of note, cardiogenic 
shock (Killip IV) was observed in 10 SOC and only 2 RIC 
patients, and levosimendan and IABP were employed in 
only 3 and 1 SOC cases, respectively. No differences were 
found for in-hospital medication: aspirin (98%), second 
antiplatelet agent (94%), statins (98%), β-blockers (90%), 
angiotensin-converting enzyme inhibitors/angiotensin 2 
receptor blockers (92%) or aldosterone antagonists (23%, 
for the pooled sample).

EF was retrieved from follow-up echocardiography in 
173 and 193 SOC and RIC patients. By this time 14 and 
12 patients from SOC and RIC had died, respectively. Data 
from 29 (14%) and 26 (12%) additional patients from SOC 
and RIC could not be obtained because patients failed to 
attend their appointed exam, respectively. No difference was 
found for missing data count between groups (P = 0.55). RIC 
showed a non-significant trend for improved recovery of EF 
(Fig. 2, left panel c). Of note, data suggested a distinct pat-
tern of behaviour between patients presenting with higher 
and lower values of EF which was confirmed by adding 
2-quantiles as covariates to the model. Analysis of subgroups 
revealed a strong interaction consisting of improved EF on 
follow-up in RIC compared with SOC in patients presenting 
with lower EF (Fig. 2, right panel c). Median follow-up EF 
in the lower quantile of EF was 55% in RIC and 10% lower 
in SOC 12 months after STEMI. Interestingly, no differ-
ences between groups were found on end-diastolic volume 
evolution from original admission to follow-up regardless 
of EF at presentation. End-diastolic volumes raised from 
113 (102–130) and 118 (102–130) at admission to 130 
(113–147) and 130 (108–147) mL at follow-up in SOC and 
RIC, respectively.

Fig. 1   Study flowchart
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Follow-up time for RIC and SOC was 2.1 (1.5–2.9) and 
2.2 (1.5–3.0) years, respectively. Maximum follow-up time 
was 3.7 years in both groups. RIC showed lower hazard 
of combined cardiac mortality or hospitalization for HF 
(HR = 0.35, 95% CI 0.15–0.78, P = 0.01) compared with 
SOC (Fig. 3a). In SOC 17 patients were readmitted due to 
HF on follow-up, their EF was 30 (25–34) and 7 eventu-
ally died from cardiac cause. Four other patients died from 
cardiac cause without prior admission. In RIC 8 patients 
were readmitted due to HF, their EF was 32 (29–36) and 
only 3 later died from cardiac cause. Six ICD devices were 
implanted in SOC and 3 in RIC. Planned ICD implantation 
without worsening HF clinic was documented in 4 and 3 
patients in SOC and RIC. Excluding these cases from analy-
sis did not change the observed differences for the combined 
outcome (P < 0.01). As for secondary outcome measures 
RIC showed lower hazards of cardiac mortality and hospi-
talization for HF but not for all-cause mortality and MACCE 

(Fig. 3b). Causes of non-cardiac mortality were cancer (2 
and 6 patients in RIC and SOC, respectively), stroke (5 
patients in RIC), septic shock (2 and 1 patients in RIC and 
SOC, respectively), limb ischaemia or ischaemic colitis (2 
patients in RIC) and suicide (1 patient in RIC). Five patients 
were found dead at home, 2 and 3 in RIC and SOC, respec-
tively. Repeat MI on follow-up ensued in 7 and 5 patients 
in SOC and RIC, respectively. The NNT to prevent 1 event 
of combined outcome and 1 cardiac death at 2 years was 
13 (9–40) and 26 (20–198), respectively, based on survival 
functions and HR [1].

As pre-specified in the study protocol, we carried out 
analyses for the main outcome in subgroups with (1) time 
from symptoms to reperfusion > 3 h (146 vs 131 patients 
in RIC and SOC, respectively; P < 0.01, HR = 0.25 95% CI 
0.09–0.68), (2) anterior MI (P = 0.02, HR = 0.35 95% CI 
0.15–0.85) and (3) totally occluded coronary artery (TIMI 
flow grade 0; P = 0.04, HR = 0.40 95% CI 0.16–0.98).

Table 1   Baseline characteristics

Data are presented as count (percentage) or median (interquartile range)
ACEi/ARB angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker, BMI body mass 
index, CABG coronary artery bypass grafting, IHD ischaemic heart disease, MI myocardial infarction, PCI 
percutaneous coronary intervention

SOC (n = 217) RIC (n = 231) P value

Age, years 61 (53–72) 59 (49–70) 0.10
Female 50 (23) 39 (17) 0.10
BMI, kg/m2 26.2 (24.4–28.4) 26.6 (24–29.4) 0.185
Systemic hypertension 107 (49) 113 (49) 0.93
Diabetes mellitus 66 (30) 59 (26) 0.25
Hypercholesterolemia 113 (52) 111 (48) 0.40
Smoker 123 (57) 141 (61) 0.35
Previous IHD 26 (12) 26 (11) 0.81
Previous PCI and/or CABG 15 (7) 17 (7) 0.85
Ongoing medication
 Aspirin 29 (13) 32 (14) 0.88
 Second antiplatelet agent 7 (3) 10 (4) 0.54
 Statin 60 (28) 71 (31) 0.47
 β-blocker 35 (16) 33 (14) 0.59
 ACEi/ARB 81 (37) 80 (35) 0.55
 Nitrate 7 (3) 4 (2) 0.31

Presentation
 Systolic blood pressure, mmHg 128 (110–144) 128 (110–148) 0.73
 Ejection fraction, % 45 (37–53) 44 (37–52) 0.63
 Creatinine, mg/dL 1 (0.8–1.1) 0.9 (0.8–1.1) 0.24
 Haemoglobin, g/dL 13.9 (12.8–15) 14.3 (13–15.4) 0.03
 Time to reperfusion, h 3.5 (2.5–6.2) 3.9 (2.6–7) 0.27
 Anterior MI 95 (44) 101 (44) 0.99

Killip class at admission
  I 184 (85) 203 (88) 0.36
  II 28 (13) 22 (10)
  III 5 (2) 6 (3)



	 Basic Research in Cardiology (2018) 113:14

1 3

14  Page 6 of 10

Discussion

After promising results of RIC on myocardial salvage 
index after STEMI [2, 5] and post hoc analyses suggesting 
improved long-term clinical outcomes [21], a large size RCT 
addressing hard clinical endpoints has long been awaited 
[10]. So far RIC-STEMI is the largest RCT primarily evalu-
ating the effect of RIC on long-term clinical outcomes after 
STEMI. RIC-STEMI shows that RIC as adjuvant to SOC 
reduces the combined event of cardiac mortality and hos-
pitalization for HF after STEMI raising the hypothesis that 
it may be an effective mean to prevent progression to HF.

Although RIC was portended to reduce IRI and there-
fore progression towards HF after STEMI few studies 
actually addressed HF as outcome, and never as main 
outcome measure. Sloth et al. reported a trend for lower 
readmissions due to HF, 4 vs 7 cases in RIC and con-
trol for a median follow-up period of nearly 4 years [21] 
whereas Eitel et al. showed a trend for HF reduction at 
6-months of follow-up: 4 cases of new onset HF in the 
RIC + post-conditioning group and 13 cases in the con-
trol group [5]. Two other smaller RCTs accounted for 

an additional 2 and 5 HF events in the RIC and control 
groups, respectively [16]. A recent meta-analysis which 
pooled data from the aforementioned studies reports an 
RR of 0.41 for HF reduction [18] which is interestingly 
very similar to our HR of 0.43 estimated for hospitaliza-
tion due to HF. Subgroup analysis revealed even further 
differences in patients whose interval from symptom 
onset to reperfusion was longer than 3 h. RIC-STEMI 
found differences in the main combined outcome of car-
diac mortality and hospitalization for HF and in both 
as separate secondary outcomes, strongly supporting 
that RIC prevents progression to HF and cardiac-related 
death after STEMI. Further support to this hypothesis 
was derived from early in-hospital data and long-term 
follow-up EF outcomes. RIC patients were less likely to 
show signs of HF and to be treated with diuretics, ino-
tropes or IABP during hospital stay and in the longer-run, 
although only a trend was found for the whole sample we 
newly report that RIC had a larger impact in EF recovery 
in STEMI patients presenting with poorer LV function. 
A 10% difference between groups was found for median 
EF 12 months after STEMI. This heterogeneous response 
may explain divergent outcomes from previous studies 
[2, 5, 16] and partly corroborates reports of improved 
EF in RIC being restricted to patients with large anterior 
MI with left anterior descending artery as culprit artery 
[2, 19], although we did not find significant results in a 
similar subgroup analysis (data not shown). Most impor-
tantly follow-up was planned for 12 months and clearly 
documents long-term prevention of LV remodelling and 
dysfunction by RIC in the subgroup of STEMI patients 
with impaired LV function. Previous studies assessed EF 
at earlier time-points where the extent of recovery may 
have been hard to appraise due to variability in time to 
recovery between patients. Indeed, post-STEMI EF recov-
ery only seems to stabilize beyond 6 months of follow-up 
[3]. Improved clinical outcomes and EF are at marked 
contrast with the absence of differences in troponin I lev-
els between RIC and SOC. Indeed, Botker et al. already 
failed to show reduced infarct size through troponin levels 
in RIC patients in their seminal study despite the demon-
stration of enhanced myocardial salvage index at 30 days 
[2]. This could be due to the high variability in biomarker 
levels as a consequence of patient heterogeneity regard-
ing coronary territories involved and duration of ongoing 
ischaemia. Moreover, it is also likely that systemic influ-
ences from RIC improve myocardial function and remod-
elling by targeting signalling pathways in the myocardium 
at risk or in the remote myocardium [12, 14].

Table 2   Procedural data from the catheterization laboratory

Data are presented as median (interquartile range)
TIMI, thrombolysis in myocardial infarction study group grading of 
coronary flow

SOC (n = 217) RIC (n = 231) P value

Number of diseased vessels
 1 142 (65) 158 (68) 0.32
 2 40 (18) 55 (24)
 3 34 (16) 18 (8)

Culprit artery
 Left anterior descending 103 (47) 110 (48) 0.97
 Circumflex 27 (12) 36 (16) 0.34
 Right coronary artery 86 (40) 84 (36) 0.48
 Angioplasty 210 (97) 225 (97) 0.69
 Stenting 197 (91) 208 (90) 0.79
 Thrombus aspiration 71 (33) 91 (39) 0.14

TIMI flow grade
 0 150 (69) 170 (74) 0.38
 1 32 (15) 22 (10)
 2 32 (15) 23 (10)
 3 18 (8) 23 (10)

TIMI flow grade after angioplasty
 0 3 (1) 5 (2) 0.91
 1 1(0) 4 (2)
 2 10 (5) 5 (2)
 3 203 (94) 217 (94)
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Fig. 2   Evolution of troponin I serum levels and corresponding area 
under curve (AUC) (a), main outcomes during hospital stay (b) and 
evolution of ejection fraction as of 12 months after ST-elevation myo-
cardial infarction (c) in patients allocated to remote ischaemic con-
ditioning (RIC) or standard of care (SOC). In b risk ratios and cor-
responding 95% confidence intervals are plotted alongside number 
(percentage) of events and corresponding P values. SOC was taken 

as reference. In c paired box-plots and detailed before–after line plots 
are given for ejection fraction at admission and follow-up (n = 173 
and 193 for SOC and RIC, respectively), the mean is represented by 
dashed lines. Alongside, groups are equally divided in 2-quantiles 
(median is 45%, dashed lines) according to admission EF denoting a 
strong interaction in the lower EF group
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In contrast to the CONDI sub-trial [21] which found 
reduction in MACCE or all-cause mortality in RIC as out-
comes (though originally powered for myocardial salvage 
index), but in keeping with the larger LIPSIA CONDI-
TIONING trial [5] we found only a trend towards reduced 
MACCE on follow-up after RIC and no difference in all-
cause mortality. This could be partly ascribed to the longer 
follow-up period of CONDI as well as to random factors. As 
reported in previous studies a wide within-group dispersion 
and no differences between groups were found for AUC and 
peak troponin I serum levels, partly owing to variability in 
time from symptom onset to PCI and diversity of clinical 
profiles of STEMI patients enrolled [2, 5]. An unexpected 
finding was increased haemoglobin concentrations in RIC. 
This previously unappreciated phenomenon is unlikely to 

be a chance finding and might be explained by the fact that 
blood sample collection took place during or soon after tour-
niquet application. As reported in healthy athletes, tourni-
quet progressively raises haemoglobin levels [15]. Whether 
raised haematocrits play a role in conditioning remains to be 
defined. Interestingly, low-dose haemoglobin-based oxygen 
carriers were protective in a dog model of cardiac IRI [25].

One of the major issues that can be raised regarding 
study design is deviation from an intention-to-treat approach 
(ITT). Nevertheless, we must argue that intervention was a 
30-min protocol entirely on the hands of health care pro-
viders, added little or no risk or further complexity to car-
diac catheterization, was well tolerated and has no known 
untoward side effects. For these reasons no patient crossed-
over to the other study group, all patients complied with the 

Fig. 3   Cumulative hazard plots 
for the main outcome measure 
of combined cardiac death and 
hospitalization for heart failure 
(a) and hazard ratios plots for 
secondary outcome measures 
(b) in patients allocated to 
remote ischaemic condition-
ing (RIC) or standard of care 
(SOC). In a life-table analy-
sis with detailed number of 
patients at risk in each group is 
presented beneath the cumula-
tive hazard and corresponding 
95% confidence interval plot 
and respective P value for 
group comparisons. In b hazard 
ratios and corresponding 95% 
confidence intervals are plotted 
alongside number (percentage) 
of events and corresponding 
P values. SOC was taken as 
reference



Basic Research in Cardiology (2018) 113:14	

1 3

Page 9 of 10  14

intervention and none withdrew from the study. The logic 
behind ITT is precisely to account for these events when 
compliance is poor [20]. Moreover, allocation and interven-
tion were done in an emergency setting before a definite 
diagnosis or all exclusion criteria could be ascertained. A 
high proportion of patients from each group (10 and 15%) 
interrupted the intervention shortly after allocation and 
before completion of the protocol, as soon as misdiagnosis 
or exclusion criteria were recognized. In our view, knowing 
what would have happened to these patients on follow-up 
is beside the point because in clinical practice the interven-
tion would have also been interrupted anyway. Treatment 
was not intended for these subjects. We faced these cases as 
flunked allocation. The purposes of randomization were not 
violated and bias should be minimal. Likewise, 2 additional 
patients were later found to be emigrants briefly staying in 
the country for holidays. No further data could be retrieved 
beyond discharge, all major outcomes were unavailable 
and imputation was not considered an option. In a broader 
framework of modified ITT we must underscore that all out-
come measures were available for the remaining patients 
except for follow-up echocardiography data, due to earlier 
mortality or missing data (13%). Indeed, we found a trend 
towards higher drop-out in SOC compared with RIC (29 vs 
22%, respectively, P = 0.09) which may have partly biased 
results. Still, we were forced to work with existing data since 
paired analysis was envisaged. Another important concern is 
that sample size estimates for the main outcome were partly 
flawed. The lower rates of combined outcome and higher 
than expected rate of unconfirmed STEMI reduced power 
which was counterbalanced by the lower than predicted 
number of drop-outs and losses to follow-up and the higher 
than predicted follow-up time per individual. Estimated 
power was 75%. Despite the limitations of post hoc power 
analysis we must underscore that significant differences 
were found between groups, results were robustly signifi-
cant and 95% CI were not wide, suggesting that the study 
was adequately powered [23]. Finally, blinding is currently 
not feasible in RIC RCTs because operation of cuff devices 
cannot be concealed from either patients or attending phy-
sicians. Procedures in the catheterization laboratory were 
not controlled for. Although no significant differences were 
found between groups, there was a trend for higher rate of 
thrombus aspiration in RIC. Lastly, due to the organization 
of the Portuguese health system admissions due to HF were 
not restricted to our centre and therefore the implementation 
of an independent committee to oversee HF admissions was 
not viable. Measures were undertaken to avoid further bias 
during outcome assessment and statistical analysis.

Despite recent disappointing outcomes with the post-
conditioning strategy [5] and in the cardiac surgery setting 
[9] which may be explained by the negative influence of 
propofol in RIC since other authors have reported improved 

long-term survival after coronary artery bypass grafting 
[13], we have shown in the largest RCT to date powered to 
assess a hard combined clinical endpoint as main outcome 
that RIC as adjunctive to SOC reduces cardiac mortality and 
hospitalization for HF after STEMI. We have also shown 
enhanced recovery of EF on 12 months follow-up in patients 
presenting with STEMI and impaired LV function. Still we 
must underscore that this is a single-centre study with lim-
ited sample size, results should be confirmed in larger mul-
ticentre studies.
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