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Abstract

Context: Bradykinin as a principal active agent of kallikrein-kinin can mediate the powerful cardioprotective mechanism. Both
the bradykinin and angiotensin converting enzyme inhibitors (ACE-I) can stimulate this protective pathway through the B2 kinin
receptors. We performed a systematic review to determine the effects of bradykinin on cardiac biomarkers and outcomes after
surgery or coronary intervention.
Evidence Acquisition: We searched the PubMed, Cochrane CENTRAL, and Scopus databases up to the end of August 2017. Only
randomized controlled trials were included.
Results: From a total of 1081 citations, 8 RCTs totaling 268 patients were included for review. Bradykinin could reduce the blood
pressure and cause a slight increase in heart rate. But these changes were not significant in comparison to control groups. The major
effect of bradykinin or ACE-I on cardiac biomarkers were related to creatine kinase-MB (CKMB). The ST-segment shift was much lower
in patients treated with ACE-I as well as the ST-segment peak elevation.
Conclusions: The remote ischemic preconditioning (RIPC) stimulus decreased expression of B1 and B2 kinin receptors and this sug-
gested the role of kinins in cardioprotection. ST-segment shift could be reduced by administration of ACE-I before coronary interven-
tions. In patients who were unresponsive to initial preconditioning ischemia, the infusion of intracoronary enalaprilat during the
angioplasty could elicit adequate myocardial protection. The effect of bradykinin is dose dependent. Low doses of bradykinin pre-
vent the increased leukocyte adhesion induced by ischemia reperfusion. High doses activate the bradykinin B2 receptors and lead
to increase in leukocyte adhesion. The stimulation of kinin receptor pathway causes a reduction in infarct size, troponin T, peak
CKMB levels, and edema of the myocardium. Considering the importance of bradykinin and ACE-I in cardiovascular interventions,
further RCTs are required to determine the dosage and precise details of functional pathways of these agents.
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1. Context

The heart can be protected against lethal acute
ischemia-reperfusion injury by applying cycles of non-
lethal ischemia and reperfusion to a remote organ or
tissue. This process is called remote ischemic precondi-
tioning (RIPC) (1). Bradykinin as a principal active agent
of kallikrein-kinin system, is generated in plasma during
endothelial cell injury or within tissues during tissue
damage in situations like ischemia-reperfusion injury
(2). It has been shown that the stimulation of bradykinin
B2 receptors can mediate the powerful cardioprotec-
tive mechanism of this molecule. Both the exogenous
bradykinin and elevated endogenous bradykinin by inhi-

bition of angiotensin converting enzyme (ACE) share this
feature. However, there are some disagreements over the
effects of ACE inhibitors and stimulation of B2 receptors
in protective effects of remote ischemic preconditioning
in man (3, 4). The mechanism of RIPC is not completely
understood but some studies suggest that it could be
mediated by neural, humoral, or both pathways. It can be
beneficial prior to coronary artery bypass graft surgery
(CABG), percutaneous coronary revascularization, major
vascular surgeries, and also transplantations (5, 6). Based
on the importance of RIPC in reducing the ischemic injury
to the heart, and the controversial role of bradykinin
in this procedure, the aim of this study is performing a
systematic review to investigate the effects of bradykinin
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on cardiac biomarkers and outcomes after surgery or
coronary intervention.

2. Evidence Acquisition

We performed a systematic search of published stud-
ies in English in the PubMed, Cochrane CENTRAL, and Sco-
pus. The search was limited until the end of August 2017.
Key words included ‘remote ischemic preconditioning’, ‘is-
chemia AND reperfusion’, ‘bradykinin’, ‘ACE inhibitors’,
‘ischemic preconditioning mediators’, ‘cardioprotection
AND cardiac surgery’, and ‘percutaneous coronary inter-
vention’. There was no limitation for age and gender of pa-
tients to include. We used Endnote software version 8.1 to
include non-duplicated citations. Only randomized con-
trolled trials (RCTs) in patients undergoing percutaneous
coronary intervention (PCI) or cardiac surgery performed
on cardiopulmonary bypass were selected for review. De-
scription studies, review studies, case reports, and RCTs on
animals were excluded.

3. Results

From a total of 1081 citations, 8 RCTs totaling 268 pa-
tients were included for review (Figure 1). A summary of
interventions and outcomes of these studies is presented
in Table 1. Further characteristics of RCTs (7-14) are listed
in Table 2. In bradykinin groups, the blood pressure (BP)
was smaller than control groups (7, 10, 11) but in one study
it had no effect (8). In one study it was stated that the
heart rate (HR) was greater in BK group rather than con-
trol group. However, the changes in HR was similar in both
group (11). There was no significant difference in HR and
BP between both groups and changes to these values are
dose dependent. The level of ischemic biomarkers of the
heart including CKMB, troponin I and T, and LDH were sig-
nificantly lower in comparison to control groups due to ad-
ministration of bradykinin or ACE inhibitors. These mea-
sures were more prominent for CKMB that suggest less lib-
eration of this enzyme. These values were less important
for troponin and LDH (7, 9, 10, 13, 14). Another important
subject was the effects of bradykinin on ST-segment alter-
ations. Patients treated with BK or ACE-I during PCI showed
less variations in ST-segment shifting. This effect was more
visible during the first balloon inflation. The peak of ST-
segment was also less than control group (7, 8, 11, 12).

4. Conclusions

The role of bradykinin in cardioprotection was first
described by Wall et al. in 1994. By means of HOE140

(a bradykinin B2 receptor antagonist) they showed that
the endogenous bradykinin may mediate the cardiopro-
tective events associated with ischemic preconditioning
(15). Brew et al. explained that ischemic precondition-
ing by transient ischemia involved in intrinsic cardiac
bradykinin receptor stimulation and stimulation of B2 re-
ceptors, trigger a series of events which lead to the ac-
tivation of protein kinase C (16). Alterations in tissue
blood flow and a reduction in plasma pH can increase
the bradykinin concentration by activation of plasma
kallikrein and reduce kinin breakdown. Schulz et al.
demonstrated that preconditioning ischemia/reperfusion
was related to reduction in infarct size and bradykinin
was essential during preconditioning ischemia of shorter
duration (17). Pan et al. showed that treatment with
captopril resulted in an increased myocardial interstitial
bradykinin accumulation in the ischemic zone above and
beyond the bradykinin level produced by ischemia alone.
They demonstrated that the bradykinin level was greater in
the endocardium than in the epicardium during ischemia
(18). Captopril can potentiate ischemic preconditioning
through B2 receptor activation without increasing the ar-
terial kinin level (19). In 2000, Sato et al. demonstrated
that losartan as an angiotensin II type 1-receptor blocker
was resulted in a reduction in myocardial infarct size
and apoptotic cell death. Losartan provided cardioprotec-
tion through both bradykinin-dependent and bradykinin-
independent mechanisms and it was completely blocked
by HOE 140. This study supported the role of bradykinin
B2 receptor in ischemic preconditioning (20). Schriefer
et al. explained that the combination of ramiprilat and
cFP-AAF-pAB, an endopeptidase inhibitor, significantly in-
creased tissue bradykinin level. Inhibition of bradykinin
-inactivating enzymes protects endogenous bradykinin
from degradation and provides long-lasting protection
from myocardial ischemia/reperfusion injury (21). These
were examples of experiment on animals.

In the setting of human investigations, we will de-
scribe the randomized controlled trials here. Boldt et
al. demonstrated that enalaprilat relieved myocardial is-
chemia after MI and could protect the myocardium be-
fore ischemia. ST-segment changes as an indicator of is-
chemia was least common in the group that treated with
enalaprilat. Enalaprilat-treated patients showed the small-
est overall changes in standard CKMB and TnT (7). Leesar
et al. in 1999, demonstrated the effect of 10-min intracoro-
nary infusion of bradykinin before percutaneous translu-
minal coronary angioplasty. It was showed that the ST-
segment shift during the first inflation was significantly
smaller than in the control group, and there were no ap-
preciable differences in ST-segment shift during the three
inflations. In this study it was stated that bradykinin had
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Figure 1. Flow diagram of the selection process of eligible articles

no hemodynamic effects (BP and HR changes) and no sig-
nificant adverse effects (8). Walter et al. examined the ef-
fect of oral ACE inhibitors on kallikrein contact phase and
hemostasis during cardiopulmonary bypass. There were
no significant difference between enalaprilat and placebo
group concerning CKMB, TnT, and LDH. Fibrinogen levels
significantly elevated during the post-operative follow up
in both groups (9). Study of Wei et al. demonstrated that
infusion of 25µg bradykinin before initiation of cardiopul-
monary bypass (CPB) could have led to acute decrease of
blood pressure with a slight increase in heart rate. Car-
diac index (CI) also increased 30-min after CPB. Among the
cardiac biomarkers, only CKMB was significantly less in
the controls postoperatively. It indicated less myocardial
injury after coronary artery bypass grafting surgery (10).
Leesar et al. in 2007, demonstrated the first evidence show-
ing that ACE inhibitors are cardioprotective in human dur-
ing angioplasty. They used direct infusion of enalaprilat
into stenotic artery, followed by preconditioning proto-
col. Enalaprilat-pretreated patients showed no change in
ST-segment shift during inflations on either the intracoro-
nary or the surface ECG. ST-segment shift and chest pain
score was also lower in comparison to placebo group (11).
Ungi et al. demonstrated that the infusion of enalaprilat
significantly decreased the mean ST elevation from the first
to the second occlusion during PCI. The peak ST elevation
was also reduced during the second inflation in enalaprilat
group. They showed that in patients who were unrespon-
sive to initial preconditioning ischemia, the infusion of in-

tracoronary enalaprilat during the angioplasty could elicit
adequate myocardial protection (12). Wang et al. explained
that bradykinin could cause less CKMB to be released. From
the perspective of anti-inflammatory role of bradykinin,
the ratio of IL-8 to IL-10 was significantly lower in BK groups
than in controls. IL-10 inhibits the production of pro-
inflammatory cytokines and this strategy may attenuate
the postoperative myocardial injury and improve the heart
function (13). In recent study, Saxena et al. demonstrated
the effect of remote ischemic preconditioning (RIPC) on
kinin receptor expression. Kinin B2 receptor expression
was significantly lower in the RIPC group than in the con-
trol group. Expressions of both kinin B1 and B2 receptors
were significantly down-regulated in the RIPC group, and
this persisted to 24 h after surgery. RIPC had no effect on
post-operation levels of neutrophil elastase. There were no
differences between the RIPC and control groups in the lev-
els of IL-6, IL-8, IL-10 or TNF-α and also in CK, CRP, cytokine,
lactate or troponin I levels (14).

Cardiac surgery and percutaneous coronary interven-
tions have the potential for ischemia and reperfusion
injury to the heart and other vital organs. RIPC be-
fore cardiac surgery results in reductions in biomarkers
of renal and cardiac injury (22). Following acute my-
ocardial infarction, reactive oxygen species (ROS) is en-
hanced in myocardium and oxidative stress is developed
in both infarcted and non-infarcted myocardium. Acti-
vation of bradykinin B2 receptors during ischemic post-
conditioning may lead to protection via reactive oxygen
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Table 1. Summary of Data and Conclusions From Included Studies

Study Interventions Results Conclusion, Recommendations

Boldt et al. (7) Adm. of enalaprilat after anesthesia in CABG
candidates, continuous intravenous infusion
of enalaprilat (0.6 micg/kg/min)

Markers of ischemic myocardial tissue
damage (CKMB, TnT, and GPBB) increased
significantly less than control group.
Changes in the ST segment indicating
ischemia were least common in the
enalaprilat group.

Continuous infusion of ACE inhibitors before
cardio-pulmonary bypass may help to protect
the heart against ischemia/reperfusion
injury.

Leesar et al. (8) Receive a 10-min intracoronary infusion of
bradykinin (2.5 mg/min) or normal saline
just 10 min before PTCA(three times of 2 min
balloon inflations 5 min apart)

In bradykinin-treated patients, the
ST-segment shift during the first inflation was
significantly smaller than in the control
group, and there were no appreciable
differences in ST-segment shift during the
three inflations.

Infusion of bradykinin had no hemodynamic
effects and no significant adverse effects, and
it could protect the myocardium against the
ischemia.

Walter et al. (9) Adm. of 7.5 mg/d enalapril on first day and 20
mg/d on the other 6 days (mean) before the
CABG

No significant differences between enalapril
and control group concerning CK, CK-MB,
LDH, TnT, TAT, fibrinogen, and kallikrein like
activity.

ACE inhibition before CABG is feasible
without activation of contact phase. It has no
effect on the time course of thrombin
activation. Reduction of ischemic injury
during CPB is not achieved by enalapril.

Wei et al. (10) Total dose of 25µg of BK infusion for 7 min
prior to cardiopulmonary bypass

Acute decrease of blood pressure, minimum
MAP was 72.7% of the original MAP. No
difference in baseline levels of cTnI and CK-MB
between case and control group. BK group
released less CK-MB.(lower maximum CK-MB).

Exogenous bradykinin is weak
cardioprotective agent in low-risk patients.
This dose cause acute reduction in BP.

Leesar et al. (11) Intracoronary enalaprilat or normal saline
before PTCA. Enalaprilat (0.75 mg in 50 mL
saline) was infused over 15 min at 0.05
mg/min directly into the stenotic artery (total
dose 0.75 mg)

Greater ST-segment shift in control group
during the first inflation than during the
second and third inflations.
Enalaprilat-pretreated patients showed no
change in ST-segment shift during inflations.
Smaller chest pain score in enalaprilat group.

Pretreatment with enalaprilat attenuates the
manifestations of myocardial ischemia
during angioplasty.

Ungi et al. (12) Two 120-second coronary artery occlusions
separated by a reperfusion interval of 10 min.
Intracoronary infusion of enalaprilat (50
µg/min) between inflations

No significant differences in ST-segment
elevation between two inflations in control
group. Less pronounced and slower
ST-segment elevation before second inflation
than the first one in enalaprilat group.

Adm. of enalaprilat during PCI provides
protection to patients who do not have a
protective response to the initial balloon
inflation.

Wang et al. (13) Infusion of 25 µg BK via central venous port
of a Swan-Ganz catheter for 7 min before the
CPB

No significant difference in TnI between
groups. Patients released significantly less
CK-MB than the controls. plasma levels of IL-6,
IL-8 and IL-10 increased significantly after
reperfusion in both groups as compared with
baseline.

Exogenous adm. of BK prior to CPB in CABG
patients attenuates ischemic myocardial
injury. shifting the circulating inflammatory
cytokine balance towards the
anti-inflammatory direction.

Saxena et al. (14) RIPC by inflation of a blood pressure cuff on
the arm

Kinin B2 receptor expression did not differ
between the groups at baseline (pre-RIPC),
but was significantly lower in the RIPC group
than in the control group after RIPC/sham.
Down-regulation of both B1 and B2 receptors
in RIPC group. No differences in CK, CRP,
cytokine, lactate or troponin I levels between
the groups. Increase in neutrophil elastase
levels.

RIPC down-regulated the expression of kinin
B1 and B2 receptors in neutrophils of patients
undergoing CABG.

species (ROS) signaling. This signal is abolished by ROS
scavenger like N-acetyl-L-cysteine intermittent bradykinin
accumulation and ROS compartmentalization are playing
a role in myocardial protection during reperfusion (23, 24).
The effects of bradykinin on leukocyte rolling and adhe-
sion are highly concentration dependent. High doses ac-
tivate the bradykinin B2 receptors and leukocyte adhesion
increased. But low doses of bradykinin prevent the in-
creased leukocyte adhesion induced by ischemia reperfu-
sion by a mechanism that involves B2-receptor activation
and the formation of nitric oxide (25). The RIPC stimulus
decreased expression of B1 and B2 kinin receptors on circu-
lating human neutrophils for at least 24 h. This subject sug-

gest the role of kinin receptors in RIPC. However, the role of
this inflammatory pathway in RIPC and organ protection
need further investigations (14, 26). The study of Liuba et
al. suggested that bradykinin can protect the arterial en-
dothelial function against ischemia/reperfusion injury by
preserving the endothelial NO availability (27). RIPC save
the myocardium from infarction in ST-segment elevation
MI (STEMI) patients treated with primary PCI. It causes a re-
duction in infarct size, troponin T, peak CKMB levels, and
edema of the myocardium. The clinical effect of RIPC is in-
dependent on infarct location and is considered as low-risk
treatment for all patients with STEMI (28-30).
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Table 2. Data and Characteristics of the Patients

Study Year Design No. M Age BP (MAP) HR CKMB (U/L) TnT (µg/L) LDH (U/L) ST-Elevation Anesthesia

Boldt et al. (7) 1996 RCT (TnT) Midazolam, fentanyl, pancuronium

Case 22 NA 63.2 ± 6.6 Reduce No effect 7.5 (2.3) 0.71 NA No

Control 22 NA 62.9 ± 6.0 No effect No effect 34.2 (5.8) (#2MI) 1.01 NA #15

Leesar et al. (8) 1999 RCT ST-shift Midazolam

Case 15 11 59 ± 3 No effect No effect NA NA NA Smaller

Control 15 12 60 ± 3 No effect No effect NA NA NA Greater

Walter et al. (9) 2002 RCT NA

Case 22 17 64.8 ± 1.7 NA NA 318 ± 38.6 1.6 478.4 ± 47.5 NA

Control 21 16 61.9 ± 2. NA NA 316 ± 16.8 1.4 515.3 ± 99.3 NA

Wei et al. (10) 2004 RCT cTnI Propofol, sufentanil, rocuronium

Case 21 19 65.6 ± 7 74.7 ± 7.9 No effect 19.5 ± 11.5 6.1 ± 4.7 NA NA

Control 20 18 68.8 ± 8.7 - No effect 28.7 ± 23.8 7.3 ± 9.0 NA NA

Leesar et al. (11) 2007 RCT ST-shift NA

Case 11 9 54 ± 3 127 ± 6 73±4 NA NA NA No

Control 11 7 50 ± 3 131 ± 8 71±3 NA NA NA Greater

Ungi et al. (12) 2008 RCT NA

Case 10 5 58 ± 7 NA NA NA NA NA Less ST peak

Control 10 6 52 ± 6 NA NA NA NA NA Higher ST peak

Wang et al. (13) 2009 RCT (TnI) Propofol, sufentanil, rocuronium,
midazolam

Case 19 17 66.0 ± 1.6 NA NA 5.7 ± 0.3 0.21 ± 0.01 NA NA

Control 19 17 68.4 ± 2.1 NA NA 5.8 ± 0.4 0.24 ± 0.03 NA NA

Saxena et al. (14) 2013 RCT (TnI) No differences NA

Case 15 15 65.1 ± 10.5 NA NA 381.5 2.28 NA

Control 15 13 68.7 ± 7.8 NA NA 408.1 2.94 NA

4.1. Conclusions

Remote ischemic preconditioning as a cardioprotec-
tive strategy can reduce the infarct size in patients with
STEMI during ischemic/reperfusion injury. One of its me-
diators is bradykinin that act through B1 and B2 receptors.
These receptors play a key role in ischemic inflammatory
pathway and they are stimulated due to administration
of ACE inhibitors or exogenous bradykinin. This pathway
leads to reduction in cardiac biomarkers like CKMB and
less shift in ST-segment which reflects the electrocardio-
gram pattern of ischemia. It was showed that the adminis-
tration of bradykinin and ACE inhibitors are beneficial for
patients that are candidate for cardiovascular surgery or
PCI, but further RCTs are required to determine the dosage
and Precise details of functional pathways of these agents.
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