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Abstract

Background: This study aimed to investigate if remote ischemic pre-
conditioning reduces the inflammatory process on patients undergo-
ing coronary artery bypass grafting (CABG).

Methods: We conducted a case-control study involving 80 patients,
half of whom underwent ischemic preconditioning for severe coronary
artery disease (CAD) and subsequently underwent CABG. We assessed
interleukin (IL)-1 and IL-6 levels using the enzyme-linked immuno-
sorbent assay (ELISA) method, high-sensitivity troponin I (hsTnl) us-
ing chemiluminescent immunoassay (CLIA), and C-reactive protein
(CRP) using the turbidimetric method at three key time points: before
surgery (visit 1 or V1), immediately postoperatively (visit 2 or V2), and
1 week postoperatively (visit 3 or V3) in all subjects.

Results: Ischemic preconditioned patients showed a significant de-
crease in proinflammatory markers (IL-1, IL-6) but not in CRP or
hsTnl.

Conclusions: This study demonstrated that remote ischemic precon-
ditioning significantly reduced the levels of specific proinflamma-
tory markers (IL-1 and IL-6), which may suggest general systemic
protection. However, it did not demonstrate cardioprotection per se,
as evidenced by the absence of a statistically significant decrease in
hsTnl level.
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Introduction

Remote ischemic preconditioning (RIPC) stands as a nonin-
vasive approach designed to protect the heart and other organs
from the harmful effects of lethal ischemia and reperfusion in-
jury. The method involves brief cycles of limb ischemia and
reperfusion, typically carried out by alternately inflating and
deflating a blood pressure cuff on one or more limbs to a su-
prasystolic pressure value for several cycles [1].

When organs are repeatedly exposed to short-term is-
chemia-reperfusion, less damage occurs during final reperfu-
sion compared to prolonged ischemic episodes, for example, in
patients undergoing coronary artery bypass grafting (CABG)
and remote ischemic conditioning (RIC) [2, 3].

During CABG, there is a temporary interruption of blood
supply to the heart and lungs, leading to the generation of oxy-
gen free radicals. These elements prompt the upregulation of
cell surface adhesion molecules and the expression of proin-
flammatory cytokines [4] such as interleukin (IL)-1 and IL-6.
Furthermore, IL-6 appears as a potent inducer of C-reactive
protein (CRP) synthesis in hepatocytes, as well as an activa-
tor of the coagulation cascade. Diffuse endothelial injury and
microvascular thrombosis are possible effects between this
interaction of inflammation and coagulation, leading also to
increased serum troponin levels [5].

Przyklenk et al described the RIPC phenomena for the
first time at the end of the 20th century [6]. After several
years, the concept of “cardioprotection at a distance” through
ischemia conditioning was soon expanded to other tissues
and organs, as well as to greater distances from the heart [7].
The underlying mechanisms are likely to include transferable
humoral release from perfused tissue, as well as neuronal re-
sponses [8].

RIPC was shown to improve clinical outcomes in patients
undergoing surgical coronary revascularization under isoflu-
rane anesthesia [9, 10]. However, several major phase III tri-
als did not confirm the benefits of RIPC after cardiovascular
surgery [10, 11].

This study aims to evaluate the impact of RIPC on inflam-
mation markers in patients undergoing CABG. Future research
should aim to clarify the specific clinical benefits of RIPC in
CABG surgery. This could involve focusing on endpoints
such as long-term survival, incidence of major adverse cardiac
events (MACE), or quality of life improvements.
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Figure 1. Randomization and follow-up flowchart. RIPC: remote ischemic preconditioning.

Materials and Methods

We conducted a prospective observational study in which
we consecutively enrolled (Fig. 1) 80 adults patients (> 18
years) with severe coronary artery disease, undergoing elec-
tive CABG. These participants were then randomly assigned
in a 1:1 ratio to either undergo RIPC or be part of the con-
trol group. All members responsible for conducting the study
were blinded, and patients provided informed consent in or-
der to participate. The exclusion criteria encompassed: the
requirement for emergency CABG, history of prior revas-
cularization, decompensated heart failure, left ventricular
ejection fraction (LVEF) less than 30%, severe renal failure
(grade 4 or under dialysis), hepatic dysfunction (Child 2),
severe pulmonary disease, and the inability or refusal to pro-
vide informed consent.

The research was carried out at Clinicco Hospital in Bra-
sov, spanning from January 2020 to November 2022. All pro-
cedures in this study were conducted in accordance with the
Helsinki Declaration for research involving human subjects
and obtained ethical approval from the Ethics Review Board
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of Transilvania University of Brasov.

Upon admission, patients underwent an initial evalua-
tion comprising their past medical history and present clinical
condition, alongside assessments from physical examinations,
echocardiography, and laboratory tests. Venous blood samples
were collected from each patient as part of the evaluation pro-
cess.

Furthermore, we quantified the severity of coronary le-
sions using the Syntax score, which was based on the coro-
nary angiography previously performed in all patients, ap-
proximately 2 to 4 weeks prior to the index hospitalization for
CABG.

The procedure of RIPC was carried out on the day of sur-
gery, before the induction of anesthesia. It consisted of inflat-
ing a blood pressure cuff on the upper and lower limbs to 200
mm Hg for 5 min (ischemia stage), followed by a 5-min time-
out with the cuff deflated (reperfusion stage) for a total number
of four cycles [1].

Anesthetic management, the cardio-pulmonary bypass,
cardioplegia, surgical techniques and any other aspect of pre-
operative and postoperative management were in accordance

www.cardiologyres.org
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Table 1. Baseline, Clinical and Operative Characteristics of the Patients

Variable RIPC group (n = 40) Control group (n = 40) P value
Gender - M, n, (%) 34 (85) 29 (72.5) 0.08
Age (years) 64.78 + 8.06 64.53 +8.03 0.90
BMI (kg/m?) 28.60 +4.16 28.62 +4.16 0.98
Smoking, n, (%) 9(22.5) 6 (15) 0.08
Dyslipidemia, n, (%) 40 (100) 37(92.5) 0.10
HTN, n, (%) 39 (97.5) 37 (92.5) 0.21
T2DM, n, (%) 16 (40) 15 (37.5) 0.36
AP, n, (%) 40 (100) 40 (100) 0.99
Old MI, n, (%) 12 (30) 17 (42.5) 0.11
Stroke, n, (%) 2(5) 2(5) 0.98
Syntax I (score) 29.58 £7.94 30.51 £8.51 0.61
Aortic clamp time (min) 71.25+£27.70 71.48 £27.41 0.97
CPB time (min) 87.72 +£28.64 87.91 +28.39 0.97
Days in ICU (day) 3.86 +1.30 3.87+1.30 0.97
Days in Hospital (day) 10.45+2.85 10.46 £2.83 0.98

M: male; BMI: body mass index; HTN: hypertension; T2DM: type 2 diabetes mellitus; AP: angina pectoris; MI: myocardial infarction; CPB: cardio-
pulmonary bypass; ICU: intensive care unit; RIPC: remote ischemic preconditioning.

with existing protocols in the hospital. All patients were sub-
jected to the same types of general anesthetics (the volatile
inhalation and intravenous hypnotic types).

Blood samples for blood cell counts, glycemia, renal func-
tion, hepatic function, cardiac biomarkers such as high-sensi-
tivity troponin I (hsTnl), and other biological parameters were
collected per hospital protocol.

For the specific parameters in our study, we processed the
samples by centrifugation to separate the serum from the plas-
ma, which were then labeled and stored at -80 °C. We assessed
IL-1, IL-6 using the enzyme-linked immunosorbent assay
(ELISA) test, hsTnl using chemiluminescent immunoassay
(CLIA), and CRP using the turbidimetric method in both pre-
conditioned and non-preconditioned populations at three key
moments: before surgery (visit 1 or V1), immediately postop-
eratively (visit 2 or V2), and 1 week postoperatively (visit 3
or V3).

For IL-1 and IL-6, commercial ELISA kits are typically
designed with highly specific antibodies that have minimal
cross-reactivity with other cytokines. The specificity is often
close to 100%, meaning that the antibodies used in the assay
specifically bind to IL-1 or IL-6 without significant interfer-
ence from other substances in the sample. Sensitivity is the
ability of the ELISA to detect low concentrations of IL-1 or
IL-6 in the sample.

Sensitivity for ELISA assays for IL-1 and IL-6 is usually
in the range of pg/mL. For example, a typical sensitivity might
be around 0.1 to 10 pg/mL for both IL-1 and IL-6, as indicated
in the instructions for the kit we used.

The specificity and sensitivity for CLIA and turbidimet-
ric methods for determining high-sensitive troponin and CRP
levels are reported to be very high (> 90%) in the information
provided by the kits used by us, allowing for the detection of

these markers in a significant majority of individuals even at
low levels.

The database has been created using Microsoft Excel 2019,
and values have been interpreted by IBM Spss 26.0. Categori-
cal variables were given as counts or absolute frequencies. To
observe the difference between the mean values of two vari-
ables, we used Student’s #-test or Mann-Whitney U (normal
distribution or not), and values of P < 0.05 were considered
statistically significant. Post hoc analyses, in analysis of vari-
ance with repeated measures (ANOVA RM), determined the
differences within and between groups.

The parameters for the power analysis included an ex-
pected effect size of Cohen’s d = 0.5 for a medium effect, a
significance level (alpha) of 0.05, and a target power of 0.80.
This power level was chosen to provide an 80% probability
of detecting a true effect, if it exists, thereby balancing the
risk of type I (false positive) and type II (false negative) er-
TorS.

Results

A summary of the baseline, clinical and operative characteris-
tics of all participants is provided in Table 1.

There were no significant differences between the groups
in terms of age, gender distribution, cardiovascular risk fac-
tors, or comorbidities. The severity of coronary artery disease,
assessed using the Syntax score, was also found to be compa-
rable across both groups. Furthermore, there were no signifi-
cant variations between the groups in terms of aortic clamping
time, cardio-pulmonary bypass time, the duration of time spent
in the intensive care unit (ICU) and overall hospitalization du-
ration.
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Table 2. IL-1, IL-6, hsTnl and CRP Under RIPC on Patients Undergoing CABG

Without RIPC With RIPC P value

IL-1 (pg/mL)

V1 16.78 £ 13.17 14.57 £ 11.17 0.42

V2 5.56+4.90 2.85+2.24 0.0021%**

V3 6.54+5.10 2.75 +2.06 < 0.0001***%*
IL-6 (pg/mL)

V1 77.66 +9.43 80.59 + 10.89 0.20

V2 22.83+13.39 16.43 £9.73 0.01%*

V3 6.54+5.10 2.75+2.06 <0.0001 ****
hsTnl (pg/mL)

Vi 0.05+0.02 0.03 +0.01 0.10

V2 1.22+0.97 0.97+0.76 0.20

V3 1.04 +0.80 0.91 +0.69 0.43
CRP (mg/mL)

V1 0.80 +0.58 0.76 = 0.52 0.74

V2 6.43 +£4.36 6.35+4.28 0.93

V3 231+1.54 2.18 +£1.38 0.69

*P £0.01; **P < 0.05; ****P < 0.0001. IL: interleukin; hsTnl: high-sensitivity troponin I; CRP: C-reactive protein; RIPC: remote ischemic precondition-

ing; CABG: coronary artery bypass grafting; V: visit.

RIPC led to a significant reduction of the total value of
inflammatory markers (IL-1, IL-6). Consequently, within
the preconditioned group, the IL-1 levels decreased at visits
2 and 3 in contrast to the non-preconditioned group, where
IL-1 levels exhibited an increase (V2 (pg/mL): 2.85 + 2.24
vs. 5.56 £4.90, P=0.0021; V3 (pg/mL): 2.75 + 2.06 vs. 6.54
+5.10, P<0.0001). IL-6 also exhibited a significant decrease
in preconditioned patients compared to non-preconditioned
patients, wherein the reduction in the level of this marker was
notably pronounced (V2 (pg/mL): 16.43 £ 9.73 vs. 22.83 +
13.39, P =0.01; V3 (pg/mL): 2.75 £ 2.06 vs. 6.54 £ 5.10, P
<0.0001).

Significant reductions in the total levels of inflammatory
markers (IL-1, IL-6) were observed with RIPC. Consequently,
compared to the non-preconditioned group, where IL-1 levels
displayed an upward trend (V2 (pg/mL): 2.85 +2.24 vs. 5.56 +
4.90,P=0.0021; V3 (pg/mL): 2.75 £ 2.06 vs. 6.54 £ 5.10, P <
0.0001), the IL-1 levels in the preconditioned group decreased
at visits 2 and 3. IL-6 also showed a significant decrease, when
comparing preconditioned to non-preconditioned subjects (V2
(pg/mL): 16.43 + 9.73 vs. 22.83 + 13.39, P = 0.01); V3 (pg/
mL): 2.75 £ 2.06 vs. 6.54 + 5.10, P <0.0001).

The statistically significant changes observed in the plasma
levels of both variables indicate that RIPC leads to a decrease in
inflammatory markers among patients undergoing CABG.

In our study hsTnl and CRP were also assessed, and it is
noteworthy that the decrease in their plasma levels in the pre-
conditioned group did not reach statistical significance (hsTnl
V2 (pg/mL): 0.97+0.76 vs. 1.22 £ 0.97,P=0.20; V3 (pg/mL):
0.91 £ 0.69 vs. 1.04 £ 0.80, P = 0.43; CRP V2 (mg/dL): 6.35
+4.28 vs. 6.43 £4.36, P =0.93; V3 (mg/dL): 2.18 = 1.38 vs.
2.31 £ 1.54, P =10.69), as depicted in Table 2.
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Discussion

The process known as RIPC describes how short episodes of
non-fatal ischemia in one organ or tissue might make a dif-
ferent organ or tissue resistant to prolonged ischemic shocks
in later stages. This process can be used in all patients with
ischemic heart disease and in those who are undergoing CABG
surgery [1].

This method was first described by Murry et al in 1986
in a study on the heart of dogs [12], which demonstrated the
adaptability of the heart to ischemic episodes lasting several
minutes, a phenomenon termed ischemic preconditioning (IP)
[13, 14].

Kuntscher et al demonstrated in a laboratory mouse study
that acute RIPC in the cremaster muscle has a protective effect
due to increased capillary perfusion and decreased postcapil-
lary inflammatory response [15]. It has also been observed that
brief episodes of arterial occlusion such as renal, mesenteric or
muscular artery occlusion provide cardiac protection through
humoral and/or neurological mechanisms [3].

In recent years, studies have also been carried out on hu-
mans, by tightening the upper or lower limbs with a tourniquet,
the technique being easy to implement and bringing successful
results [16]. It has also been shown that the protective effect of
RIPC on myocardial tissue can be induced with blood transfu-
sions from a donor organism undergoing preconditioning [17].
Transferring the protective effect distally, to organs via blood
circulation, led to the idea that this effect can also be trans-
ferred between individuals. Later, Orhan et al showed that IP
had a protective effect, transferable between individuals with
the help of blood serum [18].

www.cardiologyres.org
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Moreover, our study’s results did not demonstrate statisti-
cally significant decreases in hsTnl and CRP, in contrast to
other studies that demonstrated cardiac protection by statisti-
cally significant reductions in hsTnT values and inflamma-
tory markers (IL-6, IL-8, IL-10, tumor necrosis factor alpha
(TNF-a)) [19-21].

RIPC produces an immediate improvement in the coro-
nary flow reserve and the index of microcirculatory resistance
[22]. This suggests that RIPC may improve coronary microcir-
culatory performance, which in turn provides cardioprotection
following percutaneous coronary intervention [23].

In contrast, several publications (Moscarelli et al 2019
[24], Pinaud et al 2016 [25], and Hausenloy et al 2019 [16])
found that RIC applied to an upper limb prior to CABG, aortic
valve replacement [24, 25] or primary percutaneous angioplas-
ty failed to reduce infarct size, as evidenced by elevated hsTnT,
troponin I and the absence of decreased inflammatory markers
(IL-6, IL-8, IL-10 and TNF-a values) [10]. These findings dif-
fer from the results of a previous paper by the same authors in
which RIPC applied to an upper limb before primary percuta-
neous angioplasty reduced infarct size as evidenced by single
photon emission computed tomography (SPECT) [26].

In the majority of published papers, the RIPC protocol
typically involves the utilization of a single limb, primarily the
upper limb, undergoing three cycles of 5 min of ischemia fol-
lowed by reperfusion [27-30]. Other studies used only one of
the lower limbs [31, 32], while others inflated a blood pressure
cuff to 200 mm Hg in both the upper and lower limbs at the
same time [33], in contrast with our study protocol that in-
cluded the use of each limb with a 5-min ischemia-reperfusion
cycle.

In our study, unlike those previously mentioned, cardiac
protection was noted through a reduction in IL-1 and IL-6 lev-
els, although there was not a statistically significant decrease
observed in CRP and hsTnl values. It is worth noting that liter-
ature cites significant troponin reduction in preconditioned pa-
tients compared to those who did not undergo RIPC [34, 35].

As previously mentioned, although IL-6 is recognized as
a potent inducer of CRP synthesis in hepatocytes, we were un-
able to establish a statistically significant correlation in this
regard.

It is worth noting that, compared to our paper, other stud-
ies have demonstrated cardioprotection in ischemic precon-
ditioned patients by significantly reducing CRP and plasmi-
nogen activator inhibitor-1 (PAI-1) values [36], increasing
flow-mediated dilation, and significantly decreasing the levels
of hsTnl [34], decreasing the total values of CRP and calpro-
tectin (inflammation markers) [37], or increasing flow-mediat-
ed dilation by 40% [38].

The variability in outcomes could be attributed to several
factors, including differences in study design, patient popula-
tions, timing and protocols of RIPC application, and the spe-
cific endpoints measured. 1) Study design and methodology:
Different studies might employ varying protocols for RIPC,
such as the number of cycles, duration, and timing relative to
the intervention or insult (e.g., surgery). These methodological
differences could lead to inconsistent results. 2) Patient popu-
lation: The characteristics of the patient populations studied,
including age, comorbidities, and baseline risk factors, can
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significantly influence the outcomes of RIPC. Studies involv-
ing more heterogeneous populations may report more variable
effects. 3) Endpoints and outcome measures: The definition
of endpoints, whether clinical (e.g., mortality, major adverse
cardiovascular events) or biomarker-based (e.g., levels of tro-
ponin, high-sensitivity CRP (hsCRP)), could result in different
conclusions about the efficacy of RIPC. 4) Timing of RIPC ap-
plication: The timing of RIPC in relation to the ischemic event
or surgical procedure is critical. Variations in the timing across
studies may account for differences in observed efficacy. 5)
Sample size and statistical power: Studies with small sample
sizes may be underpowered to detect significant differences,
leading to variability in reported results. Conversely, larger
studies might show more consistent effects due to greater sta-
tistical power.

Given these factors, the disparity in results should not
necessarily be interpreted as a lack of efficacy of RIPC but
rather as a reflection of the complexities involved in study-
ing this intervention. Future research should aim to standard-
ize protocols and identify the specific patient populations and
conditions under which RIPC is most effective. By addressing
these issues, the field can move towards more consistent and
generalizable findings.

In reviewing the literature, it was observed that various
publications have utilized relatively small sample sizes, which
can significantly impact the consistency and reliability of re-
search findings. Small sample sizes can lead to increased vari-
ability, reduced statistical power, effect size inflation and lack
of generalizability. The disparity in results observed across
various publications may, therefore, be partially attributed to
differences in sample sizes and the corresponding power of
these studies. Studies with larger sample sizes tend to pro-
duce more reliable and consistent results, as they are better
equipped to detect true effects and minimize the influence of
random variability.

The suitability of applying RIPC for only 1 day is a topic
of ongoing debate and research. The effectiveness of a single-
day application largely depends on the specific clinical con-
text, the timing relative to the ischemic event, and the intended
outcomes. In some acute clinical settings, such as prior to sur-
gery or a planned ischemic event, a single day of RIPC might
be sufficient to confer protective effects. Studies have shown
that RIPC can reduce myocardial injury during cardiac sur-
gery when applied immediately before the procedure [39]. The
timing of RIPC is critical. Preconditioning shortly before the
ischemic event may trigger protective mechanisms, such as
the release of protective cytokines, activation of cellular path-
ways, and increased tissue tolerance to ischemia. If the RIPC
is applied too far in advance, its effects might diminish by the
time the ischemic event occurs [40]. While RIPC applied for
1 day may be adequate in certain acute clinical scenarios, its
efficacy might be limited depending on the timing, the nature
of the ischemic event, and the specific clinical outcomes being
targeted. Further research is needed to determine the optimal
duration and frequency of RIPC application for different clini-
cal situations.

The methodologies used for measuring IL-1, IL-6, CRP,
and high-sensitivity troponin (hsTn) share common principles,
such as immunodetection, but there are significant differenc-
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Table 3. Post-Hoc Power Analysis

Table 4. Power by Effect Size

Power Without RIPC  With RIPC  Cohen’s 6] « True effect size Power to detect Description
0.598 40 40 0.500 0.050 0<15]<0.444 <50% Likely miss
RIPC: remote ischemic preconditioning. 0.444 <18/ <0.634  50-80% Good chance of missing
0.634 <15/ <0.816  80-95% Probably detect
es in sensitivity, specificity, and practicality that can impact 15/ > 0.816 > 95% Almost surely detect

the results of RIPC studies. ELISA remains the gold standard
for cytokine and CRP measurement, but the introduction of
high-sensitivity assays (CLIA), such as those for hsTn, has
enhanced the ability to detect minute changes in biomarker
levels. The choice of methodology can influence the interpre-
tation of results, and thus, it is crucial for studies to standard-
ize methods or account for methodological differences when
comparing findings [9, 41, 42].

The significant reduction observed in our study regard-
ing the inflammatory markers like IL-1 and IL-6 suggests that
RIPC may have some anti-inflammatory effects, which is a
positive outcome. However, the lack of impact on key bio-
markers such as hsTnl, raises questions about the overall direct
cardioprotection efficacy of RIPC in this context. Even if we
do not observe an improvement in short-term cardiac events, it
is also important to consider the long-term effects of RIPC on
cardiac function and survival rates post-surgery. Although im-
mediate biomarker responses are important, the ultimate goal
is to improve long-term patient outcomes, including reducing
the risk of future cardiac events.

One limitation of this study is the relatively small sample
size, which may have limited the statistical power to detect
smaller effects, increasing the risk of type II errors and poten-
tially affecting the generalizability of the findings (Tables 3, 4).

Conclusions

This study demonstrates that RIPC significantly reduced the
levels of specific proinflammatory markers (IL-1 and IL-6),
which may suggest general systemic protection. However,
it did not demonstrate cardioprotection per se, as evidenced
by the absence of a statistically significant decrease in hsTnl
level.
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