
Vol.:(0123456789)1 3

Heart and Vessels (2023) 38:909–918 
https://doi.org/10.1007/s00380-023-02247-8

ORIGINAL ARTICLE

The impact of time‑of‑day reperfusion on remote ischemic 
conditioning in ST‑elevation myocardial infarction: a RIC‑STEMI 
substudy

Carla Marques Pires1 · Diana Lamas2 · António Gaspar1,3 · André P. Lourenço3 · Nuno Antunes1 · Jorge Marques1 · 
Adelino F. Leite‑Moreira3

Received: 14 July 2022 / Accepted: 8 February 2023 / Published online: 17 March 2023 
© The Author(s) 2023

Abstract
Daytime variation affects the tolerance of cardiomyocytes to ischemia–reperfusion injury (IRI). This study aims to evaluate 
the impact of time-of-day reperfusion on clinical outcomes of remote ischemic conditioning (RIC) as an adjuvant to primary 
percutaneous coronary intervention(PPCI) in ST-elevation myocardial infarction(STEMI) patients. A post-hoc analysis of 
a prospective, single-center parallel 1:1 randomized trial (RIC-STEMI) was performed. This analysis included 448 STEMI 
patients previously randomized to either PPCI alone (PPCI group) (n = 217) or RIC as an adjuvant to PPCI (RIC + PPCI 
group) (n = 231). Moreover, the sample was divided according to the time of PPCI: night-morning (22 h-11h59min) (n = 216) 
or afternoon (12 h-21h59min) (n = 232) groups. The primary follow-up endpoint was a composite of cardiac death and 
hospitalization due to heart failure. There were no significant differences in the clinical characteristics and the follow-up 
outcomes between groups. The afternoon period (HR = 0.474; 95% CI 0.230–0.977; p = 0.043) and RIC (HR = 0.423; 95% 
CI 0.195–0.917; p = 0.029) were independent predictors of the primary follow-up endpoint. An univariate analysis showed 
a lower frequency of primary follow-up endpoint, just in the afternoon period (10.3%vs0.9%; p = 0.002), in the RIC + PPCI 
group. A multivariate analysis revealed that RIC was an independent predictor of the primary follow-up endpoint in the 
afternoon group (HR = 0.098; 95% CI 0.012–0.785; p = 0.029), but not in the night-morning group. In addition, the afternoon 
period was not an independent predictor of the primary follow-up endpoint when the multivariate analysis was performed 
in the PPCI group. In conclusion, this study showed an important cardioprotective effect of RIC, namely in the afternoon 
period, suggesting that the afternoon period enhances the cardioprotection induced by RIC.
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Introduction

Ischemic heart disease, mainly myocardial infarction (MI), 
remains a leading cause of death worldwide [1]. Nowa-
days, reperfusion strategies promptly restore blood flow 
and allow the reduction of infarct size and mortality [2–4]. 
However, abrupt reperfusion can, paradoxically, cause 
additional damage, called ischemia–reperfusion injury 
(IRI), which may be responsible for up to 50% of final 
infarct size and contribute to heart failure (HF) develop-
ment, partially compromising the beneficial effect of rep-
erfusion [5, 6].

Remote ischemic conditioning (RIC) is a cardioprotec-
tive strategy, in which brief cycles of non-lethal ischemia 
and reperfusion are applied to a distant organ before, dur-
ing or after a long period of myocardial ischemia [7]. The 
rational of RIC has been extensively reviewed and estab-
lished in basic research but the results of the translational 
investigation are controversial and largely disappointing.

Sloth et al. (2014), enrolled 251 ST-elevation myo-
cardial infarction (STEMI) patients and revealed a 51% 
decrease in all-cause mortality, non-fatal MI, stroke 
and HF in patients who underwent RIC [8]. White et al. 
(2015), included 197 STEMI patients and showed a 27% 
reduction in infarct size and a 19% reduction of myo-
cardial edema, assessed by cardiac magnetic resonance 
(CMR), in patients who underwent RIC [9]. Eitel et al. 
(2015), in the LIPSIA CONDITIONING study involving 
696 STEMI patients, revealed a decrease in infarct size 
in patients who underwent combined intrahospital RIC 
and post-conditioning when compared with conventional 
primary percutaneous coronary intervention (PPCI) group 
[10]. Gaspar et al. [11], in a prospective single-center ran-
domized trial with 448 STEMI patients, showed improve-
ment in outcomes (cardiac death or HF hospitalization) 
in patients undergoing RIC as an adjunct to PPCI, over 
a mean follow-up period of 2.1 years [11]. Nevertheless, 
Hausenloy et al. [12], 13), in the largest prospective mul-
ticenter study (CONDI2/ERICPPCI) with 5401 patients, 
did not show evidence that RIC reduced cardiac death, HF 
hospitalization, improved left ventricle ejection fraction 
(EF) [12] or reduced infarct size at six months by CMR 
[13].

Therefore, it remains unclear whether RIC, restricted to 
patients with higher risk and greater susceptibility, could 
be cardioprotective.

Cardiovascular diseases show diurnal variation, with 
a higher incidence of STEMI in the morning. Recently, 
Montaigne et al. (2018), revealed the influence of the day-
time variation on tolerance to IRI in patients undergoing 
aortic valve replacement surgery. This study concluded 
that surgeries performed in the afternoon were associated 

with better clinical outcomes compared to those carried 
out in the morning [14].

Up till now, the influence of daytime variation in IRI and 
in clinical results of RIC has never been raised. Therefore, 
our aim was to assess whether RIC, as an adjuvant to PPCI, 
performed in STEMI patients in the afternoon period had 
different clinical results.

Methods

Study design

This study consists of a post-hoc analysis of the RIC-STEMI 
study (NCT02313961) [11], a single center, open label, par-
allel 1:1 randomized controlled trial.

This trial aimed to assess the superiority of RIC (3 
cycles of inflation and deflation of a left lower limb cuff, 
for 5 min each) over PPCI in all-comer patients presenting 
with STEMI between March 2013 and December 2015. Eli-
gible patients were at least 18 years old and were admitted 
to the emergency department of Braga Hospital with puta-
tive STEMI [15]. Exclusion criteria were cardiogenic shock, 
defined by a systolic blood pressure lower than 90 mmHg 
and evidence of tissue hypoperfusion; post-cardiac arrest 
status; the need for mechanical ventilation; known peripheral 
arterial disease; evidence of lower limb ischemia and recent 
MI (within the last 30 days).

To perform this study the authors consulted the database 
of RIC-STEMI study. This analysis included 448 STEMI 
patients previously randomized to either PPCI alone (PPCI 
group) (n = 217) or RIC as an adjuvant to PPCI (RIC + PPCI 
group) (n = 231). To assess the effect of daytime variation 
on RIC clinical results, the sample was divided according 
to the time of PPCI in night-morning (22 h–11 h59 min) or 
afternoon (12 h–21 h59 min) periods.

The cardioprotective effect of RIC was compared within 
isolated PPCI, according to the period of the day in which 
it was performed. Figure 1 shows the study flow diagram.

The admission echocardiography was performed in the 
first 24 h of hospitalization. The median month to measure 
the follow-up ejection fraction was 10 (IQR 1.8) months.

Study endpoints

The primary follow-up endpoint was a composite of cardiac 
mortality and hospitalization due to HF.

The minimum predefined follow-up time was 12 months.
Secondary endpoints were follow-up EF (estimated by 

Simpson’s biplane method), major adverse cardiovascular 
and cerebrovascular events on follow-up (MACCE), hos-
pitalization due to HF, all-cause mortality, and cardiac 
mortality.
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Hospitalization due to HF included readmissions due to 
acute or chronically decompensated HF, planned implanta-
tion of cardioverter-defibrillator (ICD) or cardiac resynchro-
nization therapy device (CRT).

Cardiac death was defined as natural death due to cardiac 
causes and required evidence of acutely decompensated HF 
or sudden cardiac arrest. Patients found dead at home were 
not considered.

MACCE consisted of the composite of total death, MI, 
stroke (persistent neurological deficit) and target vessel 
revascularization.

Ethical procedures

This study was approved by Braga Hospital Ethical Com-
mittee and met the criteria established by the Declaration 
of Helsinki 1964 as revised in 2013 and the International 
Conference of Harmonisation Guidelines for Good Clinical 
Practice. All patients enrolled gave witness oral consent and 
written informed consent after clinical stabilization.

Statistical analysis

Statistical analysis was performed using  IBM®  SPSS®, ver-
sion 27.

The normality of the distribution of continuous vari-
ables was evaluated through the Shapiro–Wilk’s test and 
histogram analysis. Continuous variables were described by 
median (Mdn) and interquartile range (IQ) since normality 

was not found in any of them. Categorical variables were 
described by absolute and relative frequencies (%).

The Mann–Whitney test was performed to compare con-
tinuous variables. The Chi-square test was used to compare 
categorical variables, although if the percentage of cells 
with < 5 expected counts were greater than 20%, Fisher’s 
exact test was preferred. Results with statistical significance 
were considered whenever the p value < 0.05.

If two variables were dichotomous, Phi (φ) was presented, 
as measured of effect size, considering the small, medium, 
or large effect for absolute values close to 0.10, 0.30 and 
0.50, respectively.

Cox’s proportional hazards model with forward’s method 
was employed to evaluate the impact of RIC on the primary 
follow-up endpoint according to the period of the day in 
which PPCI was performed. Results are reported as hazard 
ratio (HR) and with a 95% of confidence interval (CI).

Results

The RIC-STEMI study enrolled 448 STEMI patients, 217 
of which were randomly allocated to the PPCI group and 
231 to the RIC + PPCI group. The baseline characteristics 
and clinical presentation of both groups were previously 
published [11]. To highlight that a higher concentration of 
haemoglobin in the RIC + PPCI group (RIC + PPCI group 
14.2 [13–15.4] g/dl vs PPCI group:13.9 [12.8–15] g/dL; 
p = 0.035) was the only statistical difference between groups.

Fig. 1  Study flow diagram
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Regarding the time of PPCI, no significant differences 
were detected. PPCI was performed in the afternoon period 
in 53% (n = 116) of the PPCI group and 50% (n = 116) of the 
RIC + PPCI group.

In this post-hoc analysis of the RIC-STEMI study, the 
study population was divided into 2 groups, according to the 
time of PPCI, and Table 1 shows baseline characteristics as 
well as clinical presentation of night-morning and afternoon 
groups.

Table 1  Baseline characteristics 
and clinical presentation of the 
night-morning group and the 
afternoon group

Statistically significant values are in bold
ACEi/ARB angiotensin converter enzyme inhibitor/angiotensin II receptor blocker, AUC  area under the 
curve; BMI body mass index, CABG coronary artery bypass grafting, LVEF < 35% Left ventricle ejection 
fraction, PCI percutaneous coronary intervention, MI−myocardial infarction, RIC remote ischemic condi-
tioning
*p < 0.05
**Man−Whitney on the log−transformed AUC data

Night-morning 
group (n = 216)

Afternoon group (n = 232) p value

Baseline characteristics
 Age, years, median [IQ] 59 [50–70] 61 [52–72] 0.08
 Female, n (%) 34 (16) 55 (24) 0.04*
 BMI, kg/m2, median [IQ] 25 [24–27] 26 [24–29] 0.34
 Systemic hypertension, n (%) 100 (46) 120 (52) 0.25
 Diabetes Mellitus, n (%) 51 (24) 74 (32) 0.05
 Hypercholesterolemia, n (%) 101 (47) 123 (53) 0.29
 Smoker, n (%) 132 (61) 132 (57) 0.37
 Previous IHD, n (%) 20 (9) 27 (12) 0.42
 Previous PCI and/or CABG, n (%) 16 (7) 16 (7) 0.83

Medication
 Aspirin, n (%) 30 (14) 31 (13) 0.87
 Second antiplatelet, n (%) 6 (3) 11 (5) 0.28
 Statin, n (%) 55 (26) 76 (33) 0.09
 ß-Blockers, n (%) 29 (13) 39 (17) 0.32
 ACEi/ARB, n (%) 73 (34) 88 (38) 0.36
 Nitrate, n (%) 5 (2) 6 (3) 0.85

Clinical presentation
 Systolic pressure, mmHg, median [IQ] 129 [110–149] 126 [110–141] 0.28
 Admission ejection fraction, %, median [IQ] 45 [37–52] 45 [37–53] 0.73
 Admission LVEF < 35%, n (%) 42 (19) 43 (19) 0.82
 Creatinine, mg/dL, median [IQ] 0.9 [0.8–1.1] 0.9 [0.8–1.1] 0.90
 Hemoglobin, g/dl, median [IQ] 14 [13–15] 14 [13–15] 0.47
 48 h Troponin I level area under the curve, ng/

mL, median [IQ]
43 [22–77] 38 [17–73] 0.12**

 Killip scale at admission, n (%)
  I 185 (86) 202 (87) 0.25
  II 23 (11) 27 (12)
  III 8 (4) 3 (1)

TIMI 0 (occluded artery), n (%) 167 (77) 184 (79) 0.608
TIMI 1, n (%) 3 (1.4) 2 (0.9) 0.676
TIMI 2, n (%) 25 (11.6) 26 (11.2) 0.903
TIMI 3, n (%) 21 (9.7) 20 (8.6) 0.686
Anterior MI, n (%) 95 (44) 101 (44) 0.92
Ischemia–reperfusion time, hours, median [IQ] 3.8 [2.8–7.0] 3.6 [2.5–5.8] 0.27
Ischemia–reperfusion time > 3 h, n (%) 141 (66) 142 (62) 0.37
RIC as an adjuvant to PPCI, n (%) 115 (53) 116 (50) 0.50
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In addition to the balanced number of patients rand-
omized to perform RIC, both groups had statistically simi-
lar characteristics, except for gender distribution, with a 
higher frequency of female gender in the afternoon group 
(24% vs 16%, p = 0.04).

During hospitalization, no divergence was found for 
48-h troponin I level area under the curve (AUC) (trap-
ezoid rule) between groups (Night-morning group: 43 
[22–77] ng/mL vs afternoon group: 38 [17–73] ng/mL; 
p = 0.12). Regarding clinical presentation, anterior MI was 
reported in 44% of both groups, admission EF lower than 

Table 2  Relation of the time of 
PPCI with follow-up results

HF heart failure, LVEF < 35% left ventricle ejection fraction, MACCE major adverse cardiovascular and 
cerebrovascular events on follow-up, MI myocardial infarction; *p < 0.05

Night-morning 
group (n = 216)

Afternoon 
group (n = 232)

P value Effect size

Follow-up LVEF < 35%, n (%) 17 (10) 17 (9) 0.77 Φ = − 0.015
Follow-up LVEF, %, median [IQ] 54 [11] 55 [11] 0.26 Φ = − 0.051
Hospitalization due to HF, n (%) 18 (8) 12 (5) 0.18 Φ = − 0.063
Cardiac mortality, n (%) 8 (4) 8 (3) 0.89 Φ = − 0.007
All-cause mortality, n (%) 27 (13) 23 (10) 0.39 Φ = − 0.041
Primary follow-up endpoint (cardiac mor-

tality + hospitalization due to HF), n (%)
21 (10) 13 (6) 0.1 Φ = − 0.078

Table 3  Cox regression model 
for primary endpoint follow-up

Bold highlights that the results were statistically significant
AUC  area under the curve, EF ejection fraction; HR hazard ratio; HF heart failure; RIC remote ischemic 
conditioning *p<0.05

Models Variables p value HR 95.0% CI para HR 

Inferior Superior

Stage 1
 X2(1) = 26.633; p < 0.001* 48 h troponin I level AUC  < 0.001* 1.007 1.005 1.009

Stage 2
 X2(2) = 62.074; p < 0.001* HF during hospitalization  < 0.001* 9.828 4.452 21.696

48 h troponin I level AUC  < 0.001* 1.005 1.002 1.007
Stage 3
 X2(3) = 72.426; p < 0.001* Admission EF < 35% 0.002* 3.560 1.607 7.885

HF during hospitalization  < 0.001* 6.112 2.598 14.379
48 h troponin I level AUC 0.001* 1.004 1.002 1.006

Stage 4
 X2(4) = 77.397; p < 0.001* Admission EF < 35% 0.001* 4.065 1.833 9.017

HF during hospitalization  < 0.001* 4.907 2.027 11.879
48 h Troponin I level AUC  < 0.001* 1.004 1.002 1.006
Creatinine 0.017* 2.312 1.159 4.612

Stage 5
 X2(5) = 81.423; p < 0.001* Admission EF < 35%  < 0.001* 4.306 1.952 9.500

HF during hospitalization  < 0.001* 4.858 2.022 11.672
RIC 0.052* 0.469 0.218 1.007
48 h Troponin I level AUC 0.005* 1.003 1.001 1.006
Creatinine 0.022* 2.242 1.121  4.485

Stage 6
 X2(6) = 85.688; p < 0.001* Admission EF < 35% 0.00* 4.181 1.900 9.196

HF during hospitalization 0.001* 4.657 1.943 11.166
RIC 0.029* 0.423 0.195 0.917
Afternoon period 0.043* 0.474 0.230 0.977
48 h Troponin I level AUC 0.003* 1.004 1.001 1.007
Creatinine 0.022* 2.294 1.125 4.677
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35% was observed in 19% of both groups and 77% of the 
night-morning group and in 79% of the afternoon group 
had occluded artery (TIMI 0) at the time of PPCI.

After confirming the homogeneity of groups, we evalu-
ated the relation of the time of PPCI with follow-up results 
and no statistical difference was found (Table 2). There 
was no difference in follow-up EF (night-morning group: 
54 [11] % vs afternoon group 55 [11] %, p = 0.26) between 
both groups.

Nevertheless, a survival analysis was performed using 
the Cox regression model by the forward method, to verify 
whether the afternoon period is an independent predictor 
of the primary follow-up endpoint.

Table 3 shows the regression model. The last stage of 
the model was statistically significant [X2 (6) = 85,688; 
p < 0,001] and revealed that the afternoon period was an 
independent predictor of the lower primary follow-up 
endpoint (HR = 0.474; 95% CI 0.230–0.977; p = 0.043). 
In addition, admission EF less than 35%, HF during hos-
pitalization, 48 h Troponin I level AUC, admission creati-
nine and RIC were also independent predictors.

Finally, in this post-hoc analysis, there was a statis-
tically lower frequency of hospitalization due to HF 

(afternoon group: 0.9% vs 9.5%, p = 0.003) and primary 
follow-up endpoint (afternoon group: 0.9% vs 10.3%, 
p = 0.002) in the RIC + PPCI group only in the afternoon 
period (Table 4).

Considering secondary follow-up endpoints, hos-
pitalizations due to HF were also less frequent in the 
RIC + PPCI group only in the afternoon period (afternoon 
group: 0.9% vs 10%, p = 0.003).

There were no significant differences between PPCI and 
RIC + PPCI group, in both periods, regarding MACCE, MI, 
cardiac mortality and total mortality.

A survival analysis of the afternoon period (Table 5) 
was performed using the Cox regression model through 
the forward method and confirmed, in the regression model 
[X2(5) = 51,555; p < 0,001], that RIC remains a statistically 
significant independent predictor of primary follow-up end-
point (HR = 0.098; 95% CI 0.012–0.785; p = 0.029).

However, in the survival analysis of the night-morning 
group (Table 6), RIC was not an independent predictor of 
the primary follow-up endpoint.

These results were supported by the Kaplan Meier curves 
which showed that RIC had a significant impact on time 
without a primary follow-up endpoint in STEMI patients 
included in RIC-STEMI study (Fig. 2A) (p value LogRank 
test = 0,08) and in our afternoon group (Fig. 2B) (p value 
LogRank test = 0,002), but not in a night-morning group 
(Fig. 2C).

Finally, a survival analysis of the PPCI group was per-
formed and the afternoon period was not an independent 
predictor of the primary follow-up endpoint (Table 7).

Discussion

In opposition to previous studies [8–11], Hausenloy et al. 
in CONDI2/ERICPPCI [12], the largest prospective mul-
ticenter study, did not reveal beneficial effects of RIC in 
reducing cardiac mortality or hospitalization due to HF. 
Despite its great value, this study had some particularities, 
which may have influenced the results. To point out: a short 
follow-up time (12 months), inadequate for the detection of 
HF events secondary to ventricular remodeling and a median 
ischemia time of less than 3 h. Considering that patients 
with anterior MI and a total ischemia time between 3 to 8 h 
benefited the most from RIC [16], the shorter time may have 
compromised the RIC impact. At the very least, these results 
reinforce an already known truth, that RIC is not effective 
under all circumstances [17]. Several factors influence the 
benefit of RIC, namely: age, history of ischemic coronary 
disease, total ischemia time, infarct size and localization, 
occluded artery at the time of RIC, comedication and comor-
bidity [16, 18]. There may be even other factors that have not 

Table 4  Comparasion of follow-up clinical results between the PPCI 
group and the RIC group according to the time of PPCI

Bold highlights that the results were statistically significant
A group afternoon group, HF heart failure, NM group−night−morn-
ing group, MACCE major adverse cardiovascular and cerebrovascular 
events on follow−up, MI myocardial infarction. *P < 0.05

PPCI group 
(n = 217)

RIC 
group 
(n = 231)

P value Effect size

Hospitalization due to HF, n (%)
 NM group 9 (9) 9 (8) 0.42 Φ = − 0.020
 A group 11 (9.5) 1 (0.9) 0.003* Φ = − 0.195

MACCE, n (%)
 NM group 17 (17) 13 (11) 0.24 Φ = − 0.080
 A group 16 (14) 9 (8) 0.14 Φ = − 0.097

MI, n (%)
 NM group 4 (4) 3 (3) 0.71 Φ = − 0.038
 A group 5 (4) 4 (3) 1.00 Φ = − 0.022

Cardiac mortality, n (%)
 NM group 5 (5) 3 (3) 0.48 Φ = − 0.062
 A group 7 (6) 1 (0.9) 0.07 Φ = − 0.142

All-cause mortality, n (%)
 NM group 15 (15) 12 (10) 0.33 Φ = − 0.067
 A group 15 (13) 8 (7) 0.12 Φ = − 0.101

Primary follow-up endpoint (cardiac mortality + hospitalization due 
to HF), n (%)

 NM group 12 (12) 9 (8) 0.316 Φ = − 0.068
 A group 12 (10.3) 1 (0.9) 0.002* Φ = − 0.206
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been described yet, with a possible impact on the response 
to RIC.

This study is a post-hoc analysis of the RIC-STEMI study 
[11], a single-center randomized controlled trial. A previous 

Table 5  Cox regression model 
for primary endpoint follow-up 
in the afternoon group

Statistically significant values are in bold
AUC−area under the curve; EF−ejection fraction; HR−Hazard Ratio; HF heart failure; RIC−remote 
ischemic conditioning * P<0.05

Models Variables p value HR 95.0% CI para HR 

Inferior Superior

Stage 1
 X2(1) = 15.959; p < 0.001* 48 h Troponin I level AUC  < 0.001* 1.007 1.004 1.009

Stage 2
 X2(2) = 26.573; p < 0.001* HF during hospitalization 0.001* 8.181 2.311 28.956

48 h Troponin I level AUC 0.001* 1.005 1.002 1.007
Stage 3
 X2(3) = 31.477; p < 0.001* Admission EF < 35% 0.032* 4.410 1.137 17.104

HF during hospitalization 0.024* 4.776 1.230 18.540
48 h Troponin I level AUC 0.009* 1.004 1.001 1.006

Stage 4
 X2(4) = 40.798; p < 0.001* Admission EF < 35% 0.002* 11.122 2.472 50.046

HF during hospitalization 0.276 2.185 0.535 8.923
48 h Troponin I level AUC 0.003* 1.005 1.002 1.008
Creatinine 0.002* 5.986 1.964 18.244

Stage 5
 X2(3) = 39.570; p < 0.001* Admission EF < 35%  < 0.001* 14.313 3.455 59.295

48 h Troponin I level AUC  < 0.001* 1.005 1.002 1.008
Creatinine  < 0.001* 8.180 3.015 22.194

Stage 6
 X2(4) = 46.599; p < 0.001* Admission EF < 35%  < 0.001* 13.471 3.316 54.717

RIC 0.043* 0.119 0.015 0.934
48 h Troponin I level AUC 0.002* 1.004 1.002 1.007
Creatinine  < 0.001 8.189 2.959 22.667

Stage 7
 X2(5) = 51.555; p < 0.001* Age 0.028* 1.057 1.006 1.110

Admission EF < 35%  < 0.001* 15.868 3.817 65.966
RIC 0.029* 0.098 0.012 0.785
48 h Troponin I level AUC 0.013* 1.004 1.001 1.007
Creatinine  < 0.001 9.981 3.062 32.534

Table 6  Cox regression model 
for primary endpoint follow-up 
in the night-morning group

AUC  area under the curve, EF ejection fraction, HR−Hazard Ratio, HF heart failure. *P < 0.05

Models Variables p-value HR 95.0% CI para HR

Inferior Superior

Stage 1
 X2(1) = 30.086; p < 0.001* HF during hospitalization  < 0.001* 12.624 4.605 34.608

Stage 2
 X2(2) = 36.798; p < 0.001* HF during hospitalization  < 0.001* 7.459 2.466 22.565

Admission EF < 35% 0.012* 3.462 1.312 9.135
Stage 3
 X2(3) = 31.477; p < 0.001* Admission EF < 35% 0.023* 3.143 1.171 8.438

HF during hospitalization  < 0.001* 6.384 2.071 19.679
48 h Troponin I level AUC 0.037* 1.005 1.000 1.009
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pre-specified sub-analysis had already exposed that RIC only 
had a benefit in populations with anterior MI, total ischemia 
time greater than 3 h and occluded artery at the time of RIC. 
Our study had similar groups with well-balanced charac-
teristics, except for a higher proportion of women in the 
afternoon group; however, no justification was discovered 
to explain this finding. No differences were found regard-
ing age, anterior MI, total ischemia time and the propor-
tion of occluded artery at the time of RIC. The analysis of 
the time-of-day reperfusion impact on the clinical results 
in STEMI patients revealed a much lower frequency of pri-
mary follow-up endpoint when RIC was performed as an 
adjuvant to PPCI in the afternoon. These results occurred 
without differences in 48 h troponin I levels AUC. Indeed, 
Gaspar et al. (2018) and Sloth et al. (2014) already failed to 
show reduced infarct size through troponin levels despite 
improvement in clinical results [8, 11]. Perhaps this bio-
marker is not the most accurate way to access infarct size, 

and an imagological evaluation should be preferred as in 
LIPSIA CONDITIONING STUDY [10]. Regarding the lack 
of differences in follow-up ejection fraction, this could be 
due to the fact that some participants died before doing the 
follow-up echocardiogram which could have had an impact 
on the study results.

A relation between MI and day-time variation was previ-
ously reported considering the higher incidence and larger 
dimensions of MI in the early morning [19–23]. These 
findings could be explained by the endogenous circadian 
fluctuation of thrombolytic activity, platelet aggregation 
and adrenergic activation, which some studies describe as 
being increased in the early morning [24–26]. In addition, 
Montaigne et al., also showed a relation between daytime 
variation and cardiomyocyte tolerance to IRI, higher in the 
afternoon, in patients who underwent aortic valve replace-
ment surgery. This finding was concomitant with transcrip-
tional alterations in the expression of the circadian gene of 

Fig. 2  A–C Kaplan Meier curves: A RIC-STEMI population: impact of RIC on primary follow-up endpoint; B Afternoon group: impact of RIC 
on primary follow-up endpoint; B, C Night-morning group: impact of RIC on primary follow-up endpoint

Table 7  Cox regression model 
for the primary endpoint in the 
PPCI group

AUC  area under the curve, EF ejection fraction, HR Hazard Ratio, HF heart failure *p < 0.05

Models Variables p value HR 95.0% CI para HR 

Inferior Superior

Stage 1
 X2(1) = 19.903; p < 0.001* 48 h troponin I level AUC  < 0.001* 1.006 1.004 1.008

Stage 2
 X2(2) = 33.407; p < 0.001* HF during hospitalization  < 0.001* 5.491 2.210 13.646

48 h troponin I level AUC  < 0.001* 1.004 1.002 1.006
Stage 3
 X2(3) = 39.723; p < 0.001* Admission EF < 35% 0.011* 3.390 1.316 8.730

HF during hospitalization 0.005* 3.916 1.496 10.254
48 h Troponin I level AUC 0.012* 1.003 1.001 1.006

Stage 4
 X2(4) = 45.007; p < 0.001* Admission EF < 35% 0.005* 3.846 1.518 9.742

HF during hospitalization 0.039* 2.907 1.054 8.020
48 h Troponin I level AUC 0.004* 1.004 1.001 1.006
Creatinine 0.014* 2.686 1.218 5.926
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Rev-Erbα [14]. Furthermore, in two analyses of STEMI 
patients that underwent manual thrombus aspiration [21] 
and PPCI [27] smaller infarct size and better clinical results 
were found when symptoms began in the afternoon.

Our study points to the existence of a biorhythm for the 
cardioprotective effect of RIC since RIC was an independent 
predictor of the primary follow-up endpoint just in the after-
noon group (HR = 0.098; 95% CI 0.012–0.785; p = 0.029). 
The afternoon period was not an independent predictor of 
the primary follow-up endpoint in the PPCI group.

Accordingly, our study revealed an important cardiopro-
tective effect of RIC, namely in the afternoon period, sug-
gesting that the afternoon period enhances the cardioprotec-
tion induced by RIC.

The authors consider that is still unclear whether RIC, 
restricted to high-risk patients, is cardioprotective and future 
clinical investigation should take into consideration the pre-
viously pointed features.

Therefore, larger studies are necessary to confirm these 
results and it would also be interesting to perform this sub-
analysis in the studies previously published.

Limitations

This study has limitations related to the fact that it was a 
post-hoc analysis of a single-center randomized controlled 
trial with a limited sample, which compromises the sub-
group analysis. In this line, the number of events evaluated 
in the follow-up was also reduced, despite a mean follow-up 
of 2.1 years.
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