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Abstract 
Background: Many therapeutic strategies for protection against ischemic reperfusion and one of them 
is Remote ischemic preconditioning (RIPC) which is an alternative to ischemic conditioning but it has 
not yet been extensively studied. While RIPC may attenuate myocardial injury during cardiac surgery, 
its beneficial effects on different organs are still unclear. We hypothesized that RIPC would improve 
postoperative liver function in adults undergoing cardiac surgery.  
Materials and Methods: 90  patients undergoing on-pump cardiac surgery were randomly assigned 
to two groups. Group A (study group, 45 patients) received RIPC, while Group B (control group, 45 
patients) received a pseudo-RIPC. The primary outcome was RIPC  on liver function, while secondary 
outcome was its effect on renal function. 
Results: There was an insignificant difference between the two groups regarding the primary outcome, 
measured by liver function tests (Alanine aminotransferase (ALT)- Aspartate 
aminotransferase (AST)-Alkaline Phosphatase (ALP), albumin, Bilirubin (total, direct, and indirect) 
or clinical indicators such as jaundice, encephalopathy, and bleeding tendency. With respect to renal 
function, there was an insignificant difference in serum level of blood urea nitrogen (BUN) and 
creatinine between the two groups, except for on the 3rd postoperative day as serum creatinine and 
BUN were significantly lower in the RIPC group. 
Conclusions: Our study demonstrates that in adults undergoing on-pump cardiac surgery, RIPC did 
not provide a significant beneficial effect in terms of liver or renal function outcomes, except for 
significantly lower kidney function tests in the RIPC group on day three postoperatively. 
Keywords: RIPC, Liver function, Adult cardiac surgery.  

Introduction: 

During on-pump cardiac surgery, Ischemic injury and reperfusion is frequent in organs other than the 
heart and is associated with increased morbidity, hospital stay, and mortality [1-3]. 
CardioPulmonaryBypass (CPB ) is a source of metabolic and physiological stress on the liver as 
catecholamines which are released upon the start of (CPB) decrease hepatic arterial flow and hepatic 
perfusion[4]and as we know the liver receives a double supply from the portal system and hepatic 
artery. This explains the liver’s ability to be resistant to necrosis from hypoperfusion as it extracts 
about 95% of oxygen from the blood [5]. 
Multiple theories tried to explain the pathophysiology of postoperative liver dysfunction one of them 
can be explained by cell ischemia and necrosis from ischemic reperfusion injury [6]. Also, many drugs 
which are given perioperatively may cause hepatic damage[7] and alterations in hemodynamics, this 
may be reflected in a transient liver dysfunction typically peaking on third postoperative day. The 
severity varies widely from transient liver dysfunction to fulminant liver failure, especially with 
prolonged CPB time[8]. 
Studies for the protection of vital organs to avoid ischemic perfusion damage are not standardized yet. 
However, Remote ischemic preconditioning (RIPC) was applied by Schmidt et  al during cardiac 
ischemia in form of cycles of ischemia for short periods then reperfusion is allowed in organs away 
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from the heart and is considered a beneficial technique to attenuate ischemic reperfusion injury in vital 
organs[9],[10]. 
However, RIPC was developed to protect the myocardium against ischemic reperfusion Injury; its 
benefits have been demonstrated in organs such as kidneys, liver, and lungs. Nowadays, increasing 
evidence of the RIPC effect in attenuating ischemic injury in the myocardium in cardiac surgery[11, 
12]. But, the beneficial role on different organs during cardiac surgery needs further investigations[13, 
14]  In this study we hypothesized RIPC would improve postoperative liver function in adults 
undergoing cardiac surgery 

Materials and Methods: 
Patients of both sexes, aged 18 to 70 years, who were candidates for on-pump cardiac surgery were 
included in the study. Patients who refused or asked for withdrawal at any time during the study or 
with any cause of potential liver dysfunction (including right-side heart failure, gallbladder diseases, 
hepatitis), pregnancy, history of neuropathy or vasculopathy of the extremities, prolonged 
cardiopulmonary bypass (CPB) time of more than 120 minutes, and previous cardiac surgery were 
excluded from the study. 
Study design and randomization: 90 patients undergoing on-pump cardiac surgery were randomly 
allocated (using a computer-generated table) into one of two groups (45 patients per group ). 
Allocation: group assignment was kept in well-sealed opaque envelopes which were opened by the 
researcher only after patient enrollment. Participants, data collectors in the ward, and the ICU staff 
were all blinded to the group assignment.  As this trial is a protocol-based process, the treating 
clinicians could not be blinded to the trial arm allocation.  

1. Group A (Study group, 45 patients): RIPC was performed, consisting of three cycles of 5-minute 
inflation of a blood pressure cuff to 200 mmHg (or at least 50 mmHg higher than the systolic arterial 
pressure) on one arm, followed by 5 minutes of reperfusion with the cuff deflated. 

2. Group B (Control group, 45 patients): A pseudo-RIPC intervention was performed, consisting of three 
cycles of one-arm pseudo-ischemia (5-minute blood pressure cuff inflation to 20 mmHg, followed by 
5 minutes of cuff deflation. 

Outcomes: the effect of RIPC on liver function as a primary outcome and on renal function as a 
secondary outcome. 
Anesthetic technique: Preoperative visits and assessments were routinely applied to all our patients, 
and a peripheral intravenous (IV) line was inserted in all patients. Premedication was administered via 
IV midazolam (2-3 mg). 
Upon admission to the operating theater, we started with standard monitoring, including a 5-lead ECG, 
pulse oximetry, and non-invasive blood pressure monitoring. An arterial line was inserted under local 
anesthesia (2 ml of lidocaine 2%) using complete aseptic conditions. Preoxygenation for 3 minutes, 
followed by induction using opioid: fentanyl (1-2 µg/kg), IV anesthetic: propofol (2 mg/kg), and 
muscle relaxant: atracurium (0.5 mg/kg). 
After intubation with appropriate size endotracheal tube and fixed at an appropriate length, and 
mechanical ventilation was initiated using volume control ventilation with parameters adjusted 
according to the patient’s body weight. Capnography and a temperature probe were connected, and 
central venous and urinary catheters were inserted under aseptic conditions. The patient was in the 
supine position, with padding to protect bony prominences.  
Maintenance of anesthesia with sevoflurane in an oxygen/air mixture, along with continuous infusions 
of opioid: fentanyl (1-2 µg/kg/hr) and muscle relaxant: atracurium (0.005-0.01 mg/kg/min).  
Before skin incision, RIPC was performed in Group A, and in Group B, a pseudo-RIPC intervention 
was performed as outlined above. After skin incision and before sternotomy a bolus dose of fentanyl 
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was administered as needed.  
Before cannulation and the initiation of CPB, 400 units/kg Heparin was given, with activated clotting 
time (ACT)  monitoring. If ACT exceeded 400 seconds, vascular lines were secured, and CPB was 
initiated.  
The perfusionist gradually increased pump flow to 2-2.5 L/min/m², aiming for a mean arterial pressure 
of 60-70 mmHg.After initiation of CPB and aortic cross-clamp, the cold potassium cardioplegia was 
administrated in a dose of 20 ml /kg every 30 minutes. 
Monitoring of CPB was targeting perfusion in form of mean arterial blood pressure of 60 to70 mm 
Hg, normal acid-base balance, accepted hematocrit values, less than 200 mg/dL blood glucose levels, 
temperature management according to type and length of surgery, and follow up ACT and adjust the 
dose of heparin accordingly. Anesthesia during CPB was maintained via total intravenous anesthesia 
(TIVA) with IV anesthetic: propofol (50-100 µg/kg/min), opioid: fentanyl (1-2 µg/kg/hr), and muscle 
relaxant: atracurium (0.005- 0.01 mg/kg/min). 
Weaning from CPB after finishing the surgical procedure, after confirming that the accepted body 
temperature was 37°C, and the heart rhythm was stable (usually 80–100 beats/min). Laboratory values 
were checked to ensure they were within acceptable limits, including normal pH, ionized calcium, 
potassium, and hematocrit. Adequate ventilation with 100% oxygen was resumed, and all monitors 
were rechecked. 
After weaning from CPB, bleeding was controlled, bypass cannulas were removed, and 
anticoagulation was reversed using protamine (1 mg of protamine per 100 units of heparin), 
administered slowly over 5–10 minutes. The ACT was monitored to ensure it returned to baseline 
following protamine administration. Once hemostasis was judged acceptable and the patient remained 
hemodynamically stable, the chest was closed. 
Transportation to postoperative I.C.U: the patient was transported sedated, intubated, and 
mechanically ventilated under standard monitoring to the postoperative ICU. 
Data collection in the form of Demographic data and clinical data: Age-sex-body mass index(BMI) – 
DM -hypertension-renal impairment-viral serology (HBV-HCV) 
Preoperative data: baseline laboratory investigations (Alanine aminotransferase (ALT)- Aspartate 
aminotransferase (AST)-Alkaline Phosphatase (ALP)- Albumin-Bilirubin(total, direct and indirect) –
serum creatinine –BUN) 
Intraoperative data: type of surgery (Coronary artery bypass graft (CABG) or valve replacement or 
both ), Time for (Aortic cross-clamping – CardioPulmonaryBybass(CPB)– Operation) 
Post-operative data : clinical signs of liver cell failure: Jaundice–Bleeding tendency–Encephalopathy 
and laboratory investigations for 3 days :((ALT)- (AST)-(ALP)- Albumin-Bilirubin(total, direct and 
indirect) –serum creatinine –BUN) 
Sample Size: Drawing from the findings of a previous study [8].the mean ±SD of total bilirubin on 
the 3rd postoperative day after (CABG) surgery was found to be 1.2±0.4. Based on a power of 80% 
and a confidence level of 95%, the required sample size was calculated as 44 per group, considering 
that a 20 % reduction in total bilirubin was clinically relevant so we enrolled 45 patients per group. 
Statistical analysis: we used SPSS (version 27) for data collection and analysis. We utilized The 
Kolmogorov-Smirnov test and the Shapiro test to evaluate the distribution of data normality and all 
data were not normally distributed. Categorical variables were described by number and percent 
(No., %) whereas continuous variables were described by mean ± standard deviation "SD" or 
median (interquartile range “Q1-Q3”). Chi-square test and Fisher exact test were used to compare 
categorical variables between the two groups where comparing between continuous variables by 
the Mann–Whitney U test for nonparametric variables. A two-tailed p < 0.05 was considered 
statistically significant. 
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Results: 
120 patients were undergoing on-pump cardiac surgery, and 30 of them didn’t meet our inclusion 
criteria and were excluded, Figure 1 demonstrates the CONSORT flow diagram with the 90 patients 
who completed the study. 

 
Figure1:CONSORT flow diagram 

Both groups had non-significant differences regarding demographic and baseline clinical data (age, 
sex, BMI, DM, Hypertension, renal impairment, viral serology(HBV, HCV))  as shown in (Table 1). 
Also, as regards as  type of surgery and intraoperative data as time for cross-clamp and CPB time 
and total operative time in both groups had non-significant differences as shown in (Table 2) 
Table 1: Demographic data and baseline clinical data between two groups: 
 Group 

A(n=45) 
Group 
B(n=45) 

P. 
value 

Age (Years) 
Mean ± SD 

 
50.64±10.85 

 
50.47±11.24 

 
0.868 

Sex 
Male  
Female 

 
26(57.8%) 
19(42.2%) 

 
29(64.4%) 
16(35.6%) 

 
0.517 

BMI  
Mean ± SD 

 
27.95±5.71 

 
27.58±4.04 

 
0.900 

DM 
Yes 
No 

 
10(22.2%) 
35(77.8%) 

 
10(22.2%) 
35(77.8%) 

 
1.000 

Hypertension 
Yes 
No 

 
15(33.3%) 
30(66.7%) 

 
12(26.7%) 
33(73.3%) 

 
0.490 

Renal impairment 
Yes 

 
0(0%) 

 
3(6.7%) 

 
0.078 
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Group A (study group), Group B (control group), Data are presented as number (%) and mean ±SD or median and IQ 
range, P value < 0.05 is considered statistically significant.BMI for body mass index, DM for diabetes mellitus, HBV for 
hepatitis B virus, and HCV for hepatitis C virus. 
 
 
Table 2: Type of surgery and intraoperative data between two groups: 

 Group 
A(n=45) 

Group 
B(n=45) 

P. 
value 

Type of surgery: 
CABIG 
Valve replacement 
CABIG, Valve 
replacement 

 
16(35.6%) 
29(64.4%) 
0(0%) 

 
23(51.1%) 
20(44.4%) 
2(4.4%) 

 
 
0.086 

Aortic cross-clamp time  
Mean ± SD 

 
87.62±10.91 

 
89.73±10.01 

 
0.358 

CBP time  
Mean ± SD 

 
105.04±11.52 

 
106.2±10.55 

 
0.692 

Operative time  
Mean ± SD 

 
6.4±0.99 

 
6.38±1.11 

 
0.902 

Group A (study group), Group B (control group), Data are presented as number (%) and mean ±SD or median and IQ 
range, p-value < 0.05 is considered statistically significant.CABIG for Coronary artery Bypass Graft surgery, Aortic 
cross-clamp time presented in minutes, CPB for cardiopulmonary bypass  and presented in minutes, Operative time 
presented in hours  
As regards liver function tests: both groups had insignificant differences regarding preoperative 
baseline and first 3 days of postoperative liver function tests (AST, ALT, ALP, Albumin, Bilirubin 
(total, direct, and indirect) as shown in(Table 3) and regarding postoperative liver dysfunction: both 
groups had insignificant differences regarding postoperative clinical signs of liver dysfunction in 
form of jaundice, encephalopathy, and bleeding tendency as shown in (Table 4). For Renal function 
tests: both groups had insignificant differences regarding preoperative baseline,1st  and  2nd 
postoperative day kidney function tests (Creatinine, BUN). But as regards as 3rd postoperative day 
there were statistically significantly lower in RIPC group (group A) than in group B as shown in 
(Table 5) 
 
Table 3: liver function tests between two groups: 
  Preoperativ

e 
Day 1 Day 2 Day 3 

 
G
r
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p 
A  

 
G
r
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p  
B  

 
G
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o
u
p 
A  

 
G
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u
p  
B  

 
G
r
o
u
p 
A  

 
G
r
o
u
p  
B  

 
G
r
o
u
p 
A  

 
G
r
o
u
p  
B  

No 45(100%) 42(93.3%) 
Serology (HBV, HCV) 
-ve 
+ve 

 
45(100%) 
0(0%) 

 
45(100%) 
0(0%) 

 
- 
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e 
Group A (study group), Group B (control group), Data are presented as number (%) and mean ±SD or median and IQ 
range, P value  < 0.05 is considered statistically significant. AST for Aspartate aminotransferase(U/L) (0-34), ALT for 
Alanine aminotransferase (U/L)) (0-45), ALP for alkaline transferase (U/L)(46-116), Albumin in (mg/dl)(3.5-5.5 )and 
Total bilirubin in  (mg/dl) (0.2-1), indirect bilirubin in (mg/dl)(.2-.8) and direct bilirubin in (mg/dl)(0-0.2)). 
  
Table 4: postoperative clinical signs of liver dysfunction between two groups: 

  Group A 
(n=45) 

Group B 
(n=45) 

P. value 

Jaundice 
Yes 
No 

 
2(4.4%) 
43(95.6%) 

 
3(6.7%) 
42(93.3%) 

 
0.645 

Encephalopathy 
Yes 
No 

 
2(4.4%) 
43(95.6%) 

 
3(6.7%) 
42(93.3%) 

 
0.645 

Bleeding 
tendency 
Yes 
No 

 
7(15.6%) 
38(84.4%) 

 
10(22.2%) 
35(77.8%) 

 
0.419 

Group A (study group), and Group B (control group), Data are presented as numbers (%), and a p-value < 0.05 is 
considered statistically significant.  
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       Table 5: Renal function tests between two groups: 
Group A study group, and Group B control group, data are presented as mean ±SD, Median (Q1-Q3), p-value < 0.05 is 
considered statistically significant.Creatinine in (mg/dl)(0.6-1.2), BUN for blood urea nitrogen in (mg/dl)(6-24) 
 
Discussion: 
This study's goal is to detect the benefits of remote ischemic preconditioning (RIPC) on functions of 
the liver and kidney in on-pump cardiac surgery patients. Our results demonstrated an insignificant 
difference between the two groups in all extracted data, except for a statistically significant reduction 
in serum creatinine and blood urea nitrogen (BUN) levels on third postoperative day in the RIPC 
group. 
The study’s primary outcome, which focused on liver function, showed insignificant differences 
between groups in terms of liver-related laboratory markers (AST, ALT, ALP, Albumin, and bilirubin) 
or clinical manifestations of liver dysfunction (such as jaundice, encephalopathy, and bleeding 
tendencies).  
This finding suggests that, despite the well-known myocardial protective effects of RIPC, it may not 
extend to hepatic protection, at least in the context of our study. Several factors may explain this 
outcome. First, the liver may not be as responsive to RIPC as the myocardium due to its unique 
vascular anatomy and metabolic processes. While RIPC is thought to trigger endogenous protective 
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mechanisms, the liver’s response to ischemia and reperfusion injury could be different from the 
heart’s, which may account for the lack of benefit in liver function in this cohort. 

Czigány, Turóczi, et al. showed that RIPC protected the liver in a model of rat from ischemic 
reperfusion injury and lower levels of liver enzymes in the RIPC group [15]. So the aim was to 
determine whether similar results could be replicated in our study.  

Our findings indicate insignificant differences between two groups as regards as liver enzymes (AST, 
ALT, ALP), which were elevated in both groups but showed insignificant differences. Similarly, total, 
direct, and indirect bilirubin levels were elevated in both groups without significant differences. Both 
groups also exhibited decreases in albumin, again with no significant difference. Clinically, 
insignificant differences between  two groups in form of jaundice, encephalopathy, or bleeding 
tendency 

In line with Hu Luo et al. who studied (RIPC) role in surgeries for valve replacement, using 
biomarkers of liver injury (AST, ALT, and albumin). They found that postoperative levels of liver 
enzymes (AST, and ALT ) significantly increased in two groups. While serum albumin levels 
decreased markedly. But, postoperative levels of total bilirubin were lower in the group of RIPC[16]. 

Postoperative hyperbilirubinemia and elevated liver enzymes in cardiac surgery patients are common. 
A marked increase in liver biomarkers (bilirubin, AST, and ALT )was noted on third postoperative 
day but the exact explanation of postoperative liver dysfunction remains to be explained [17-19].  
Similarly, secondary outcome in our study related to renal function, except for the observed lower 
serum blood urea nitrogen and creatinine on the third postoperative day in the RIPC group, did not 
show a significant difference. This reduction in serum BUN and creatinine suggests a potential benefit 
of RIPC in minimizing acute kidney injury (AKI).  
A possible explanation for this finding is that RIPC may attenuate renal ischemia-reperfusion injury, 
as the kidneys are at high risk of oxidative stress and inflammatory responses during on-pump cardiac 
surgery. In line with existing literature that has suggested a protective role for RIPC in reducing the 
incidence of AKI in cardiac surgery patients [20]. 

Meanwhile no clear or consistent evidence across studies., Walsh, Whitlock, et al who studied RIPC in cardiac 
surgery risky patients, and Hausenloy, Candilio et al. who studied RIPC outcomes in Cardiac Surgery 
patients, both concluded that RIPC had insignificant differences in postoperative serum creatinine 
levels  [21, 22], Benstoem, Stoppe, et al., who studied (RIPC) in coronary artery bypass grafting 
(CABG)  surgery either alone or with valve replacement, along with Hu, Luo et al. in valve 
replacement surgery, and Pinaud, Corbeau, et al. in surgery for the aortic valve, RIPC  did not 
demonstrate significant renal protective effects. Their studies reported insignificant differences in AKI 
incidence. [16, 23, 24] 

Many studies have targeted a therapeutic approach to reduce the acute kidney injury incidence in 
cardiac surgery patients using various techniques of (RIPC), but the outcome has been quite 
inconsistent. Most serum laboratory biomarkers that are used for detection of acute kidney injury 
depend primarily on glomerular filtration rate (GFR), which can be affected by hemodynamics 
alteration, and volume status during the perioperative period.  
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The study’s findings raise important questions about the broader applicability of RIPC in protecting organ systems other than the heart. 
While RIPC has shown promise in reducing myocardial injury, its effect on different organs, particularly the liver, remains uncertain. 

In terms of clinical implications, the observed reduction in serum creatinine and BUN in the RIPC group suggests that this technique 
may have a modest benefit in preventing postoperative AKI. This finding warrants further investigation. Larger, multi-center trials with 
extended follow-up may help clarify the long-term impact of RIPC on renal function and determine if it can be a useful adjunctive 
therapeutic approach to prevent AKI in risky patients. 

Limitations: our limitations of this study include that while the reduction in creatinine and BUN was statistically significant, its clinical 
significance remains uncertain, as the overall incidence of AKI and its impact on patient outcomes were not directly assessed in this 
study. Also, the RIPC  was initiated after induction of anesthesia; therefore, more studies are needed for the assessment of the effects of 
RIPC before anesthesia. All patients with abnormal liver function before surgery, those undergoing cardiopulmonary bypass (CPB) for 
longer than 120 minutes, and patients requiring redo surgeries were excluded from the study. Consequently, the results cannot be 
generalized to all patients with valvular or coronary artery diseases. Finally, the lack of blinding of the treating clinicians, who were 
aware of the intervention, could introduce bias in the interpretation of clinical outcomes, though the data collectors were blinded to 
group allocation. 

Conclusion: In conclusion, while this study did not demonstrate significant protective effects of RIPC 
on liver function, there was a notable reduction in serum creatinine and BUN on the third postoperative 
day in the RIPC group, suggesting a potential benefit in preventing AKI.  

Abbreviations:(RIPC): Remote Ischemic Preconditioning,(BUN): Blood Urea Nitrogen, (ALT): 
Alanine aminotransferase,(AST): Aspartate aminotransferase,(ALP): Alkaline Phosphatase  (CPB): 
CardioPulmonaryBypass, Intravenous(IV), ECG: Electrocardiogram,(ACT): Activated Clotting 
Time,(TIVA): Total Intravenous Anesthesia, HBV: Hepatitis B virus, HCV: Hepatitis C 
virus,(CABG): Coronary Artery Bypass Graft,(SPSS): Statistical Package for the Social 
Sciences,(SD): Standard Deviation,(AKI): Acute kidney Injury,(GFR): Glomerular Filtration Rate. 

 
References: 

1. Stephens, R.S., A.S. Shah, and G.J. Whitman, Lung injury and acute respiratory distress syndrome 
after cardiac surgery. The Annals of thoracic surgery, 2013. 95(3): p. 1122-1129. 

2. Raman, J.S., et al., Severe ischemic early liver injury after cardiac surgery. The Annals of thoracic 
surgery, 2002. 74(5): p. 1601-1606. 

3. Kandler, K., et al., Acute kidney injury is independently associated with higher mortality after 
cardiac surgery. Journal of cardiothoracic and vascular anesthesia, 2014. 28(6): p. 1448-1452. 

4. Tripodi, A. and P.M. Mannucci, The coagulopathy of chronic liver disease. New England Journal of 
Medicine, 2011. 365(2): p. 147-156. 

5. Poelzl, G. and J. Auer, Cardiohepatic syndrome. Current heart failure reports, 2015. 12(1): p. 68-78. 

6. Wark, H.J., Hepatic failure after cardiopulmonary bypass is unlikely to be isoflurane hepatitis. 
Anesthesiology: The Journal of the American Society of Anesthesiologists, 2002. 97(5): p. 1323-
1323. 

7. Hayashida, N., et al., Clinical outcome after cardiac operations in patients with cirrhosis. The 
Annals of thoracic surgery, 2004. 77(2): p. 500-505. 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 8 

www.healthinformaticsjournal.com 

Open Access 

2221 

 

 

8. Sabzi, F. and R. Faraji, Liver function tests following open cardiac surgery. Journal of 
cardiovascular and thoracic research, 2015. 7(2): p. 49. 

9. Schmidt, M.R., et al., Intermittent peripheral tissue ischemia during coronary ischemia reduces 
myocardial infarction through a KATP-dependent mechanism: first demonstration of remote 
ischemic perconditioning. American Journal of Physiology-Heart and Circulatory Physiology, 2007. 

10. Hausenloy, D.J. and S.Y. Lim, Remote ischemic conditioning: from bench to bedside. Frontiers in 
physiology, 2012. 3: p. 27. 

11. Ali, N., et al., Induced remote ischemic pre-conditioning on ischemia-reperfusion injury in patients 
undergoing coronary artery bypass. J Coll Physicians Surg Pak, 2010. 20(7): p. 427-431. 

12. Yetgin, T., et al., Remote ischemic conditioning in percutaneous coronary intervention and coronary 
artery bypass grafting. Circulation Journal, 2012: p. CJ-12-0518. 

13. Candilio, L., A. Malik, and D.J. Hausenloy, Protection of organs other than the heart by remote 
ischemic conditioning. Journal of cardiovascular medicine, 2013. 14(3): p. 193-205. 

14. Pedersen, K.R., et al., Failure of remote ischemic preconditioning to reduce the risk of postoperative 
acute kidney injury in children undergoing operation for complex congenital heart disease: a 
randomized single-center study. The Journal of thoracic and cardiovascular surgery, 2012. 143(3): p. 
576-583. 

15. Czigány, Z., et al., Remote ischemic perconditioning protects the liver from ischemia–reperfusion 
injury. 2013. 185(2): p. 605-613. 

16. Hu, Q., et al., Multiorgan protection of remote ischemic perconditioning in valve replacement 
surgery. 2016. 200(1): p. 13-20. 

17. Sabzi, F., R.J.J.o.c. Faraji, and t. research, Liver function tests following open cardiac surgery. 2015. 
7(2): p. 49. 

18. Nishi, H., et al., Frequency, risk factors and prognosis of postoperative hyperbilirubinemia after 
heart valve surgery. 2012. 122(1): p. 12-19. 

19. Çağlı, K., et al., How to interpret liver function tests in heart failure patients. 2015. 26(3): p. 197-
203. 

20. Candilio, L., et al., Effect of remote ischaemic preconditioning on clinical outcomes in patients 
undergoing cardiac bypass surgery: a randomised controlled clinical trial. 2015. 101(3): p. 185-
192. 

21. Walsh, M., et al., Effects of remote ischemic preconditioning in high-risk patients undergoing 
cardiac surgery (Remote IMPACT): a randomized controlled trial. 2016. 188(5): p. 329-336. 

22. Hausenloy, D.J., et al., Remote ischemic preconditioning and outcomes of cardiac surgery. 2015. 
373(15): p. 1408-1417. 

23. Benstoem, C., et al., Remote ischaemic preconditioning for coronary artery bypass grafting (with or 
without valve surgery). 2017(5). 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 8 

www.healthinformaticsjournal.com 

Open Access 

2222 

 

 

24. Pinaud, F., et al., Remote ischemic preconditioning in aortic valve surgery: results of a randomized 
controlled study. 2016. 67(1): p. 36-41. 

 
 


