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Introduction
Coronary artery bypass grafting (CABG) surgery remains 

the preferred treatment in patients with complex coronary 
artery disease [1]. However, CABG has inherent impacts on 
multiple organ systems that could be attributed to altered 
inflammatory system functions [2]. Cardiopulmonary bypass 
(CPB) procedures are thought to activate systemic inflammatory 
reaction syndrome [3] and comparative studies found off-pump 
surgery could attenuate the CABG-associated inflammatory 
response [4,5]. 

Various drugs administered during anesthetic procedure 
were tried to reduce inflammatory response during on-pump 
CABG. Desflurane anesthesia induced lower concentrations of 
interleukin (IL)-8 and IL-6 [6], methyl-prednisolone [7] and 
dexamethasone [8] decrease levels of IL-6 and increase anti- 
 

 
inflammatory activity through IL-10 [7]. Also, dexmedetomidine 
reduced circulating IL-1, IL-6, tumor necrosis factor-α (TNF-α), 
and interferon-γ levels after mini-CPB [9]. 

Epidural anesthesia is a central neuraxial block technique 
with many applications. It is a versatile anesthetic technique 
that can be used as an anesthetic, as an analgesic adjuvant to 
general anesthesia, and for postoperative analgesia [10].

The current prospective comparative study aimed to 
evaluate the effects of preoperative thoracic epidural analgesia 
(TEA) on inflammatory response of patients undergoing CABG 
surgery under general anesthesia (GA).

Patients & Methods
The current prospective study was conducted at Departments 

of Anesthesia and Cardiovascular Surgery at Nasser Institute. 
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Abstract

Objectives: To evaluate the effects of preoperative thoracic epidural analgesia (TEA) on inflammatory response of patients undergoing on-
pump coronary artery bypass graft (CABG) surgery under general anesthesia (GA).

Patients & Methods: Eighty-eight patients were divided into two groups; Group TEA received TEA and GA and Group GA received GA 
alone. Blood samples were collected preoperatively (T0), 4-hr (T1), and one (T2) and two (T3) days after surgery for ELISA estimation of serum 
interleukin (IL)-1β, IL-6, IL-10 and tumor necrosis factor (TNF)-α. Intraoperative (IO) and postoperative (PO) data were collected.

Results: Patients of group E had significantly lower IO hemodynamic measures, shorter time for hemostasis and wound closure and less 
IO blood loss than patients of group G. Amount of 1st PO day wound drainage was significantly less, and durations of mechanical ventilation 
(MV), ICU stay and PO hospital stay were significantly shorter in group TEA. Patients of group E had significantly lower individual and collective 
pain scores. All patients showed significantly higher levels of estimated cytokines compared to preoperative levels. Patients of group E showed 
significantly lower serum IL-1β, IL-6 and TNF-α with significantly lower serum IL-10 levels compared to patients of group GA. 

Conclusion: TEA provided significantly better control on inflammatory response during on-pump CABG in favor of anti-inflammatory arm. 
Continuous epidural analgesia during ICU stay significantly shortened duration of MV and ICU stay with reduction of need for opioid. Pain control 
provided by TEA allowed PO early ambulation, rehabilitation and short hospital stay. 
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The study protocol was approved by Local Ethical Committee. 
Patients signed fully informed written consent were randomly; 
using sealed envelopes prepared by blinded assistant and 
chosen by patients, allocated into two equal groups: Group TEA 
included patients will receive TEA as adjuvant to inhalational 
GA and Group GA included patients will receive inhalational GA 
alone. 

Anesthetic technique
All patients were taken into the operating room 

unpremedicated and after standard non-invasive monitoring, 
Lactated Ringer’s solution was started. In Group E epidural 
catheter was inserted before induction of anesthesia using 
the loss of resistance technique. A 20 gauge epidural catheter 
(Prefix 401, B. Braun, Melsungen AG) was inserted through an 
18-gauge Tuohy needle that was placed at the T1–2 interspace 
and advanced 3 to 5 cm into the epidural space. An initial 
bolus of 10ml ropivacaine 0.75% was injected and followed 
by continuous infusion of ropivacaine 2% at rate of 10ml/hr. 
Sensory block was ascertained by sensory loss to needle prick. 

For both groups, general anesthesia was induced with 
midazolam (0.05mg/kg) as a pre-anaesthetic medication, 
propofol (1-2mg/kg), fentanyl (1-2μg/kg), and atracurium 
(0.5mg/kg). After tracheal intubation, lungs were ventilated with 
100% O2 using a semi-closed circle system, with a tidal volume 
of 6-8ml/kg, and the ventilatory rate was adjusted to maintain 
end tidal CO2 between 35-40mmHg. Anesthesia was maintained 
by sevoflurane 2% and atracurium injection was adapted to the 
patient’s physiological reaction to surgical stimuli. Heart rate 
(HR), systolic, diastolic, mean arterial blood pressure (MAP) and 
oxygen saturation were invasively monitored throughout the 
surgery. Patients of group GA received fentanyl infusion (2μg/
kg/hr) as intraoperative analgesia. Postoperative (PO) pain 
was evaluated using the visual analogue score (1-10 points) 
and rescue analgesia for both groups was given at VAS of ≥4 as 
intramuscular mepridine (50-100mg).

Collected operative data included number of grafted vessels, 
aortic cross clamping (CCT), cardiopulmonary bypass (CPB) and 
total operative times. Duration of ICU stay, amount of chest tube 
drainage, and the frequency of PO events were recorded.

Laboratory investigations 
Blood samples were collected from preoperatively (T0), 

4-hr (T1), one (T2) and two (T3) days after surgery. Separated 
serum was stored at -80°C until assayed for ELISA estimation 
of serum IL-1β (Quantikine ELISA kit from R & D Systems, Inc., 
Minneapolis, MN, USA) [11], IL-10 (Milenia®, DPC Biermann, 
Bad Nauheim; Germany) [12], IL-6 [13] and TNF- a (Pelikine™ 
Inc., Concord, USA) [14].

Statistical analysis
Sample size was calculated using the standard nomogram 

proposed by Kraemer & Thiemann [15] and a sample size of >40 
patients was determined to be sufficient to detect a difference 
at the 5% significance level and give the trial 80% power (16). 
Obtained data were analyzed using One-way ANOVA with post-
hoc Tukey HSD Test and Chi-square test (X2 test) using the SPSS 
(Version 15, 2006) for Windows statistical package. P value 
<0.05 was considered statistically significant.

Results 
Table 1: Patients’ enrolment data.

Data Group G Group E

Age (years) 59±6 56.5±6.3

Male: Female ratio 29:15:00 24:20:00

BMI (kg/m2) 29.3±1.9 29.7±2.1

Smoking Current: Ex: 
Non 13:22:09 10:27:07

Clinical 
findings

ASA grade II:III 25:19:00 23:21

NYHA class II:III:IV 10:21:13 9:24:11

Ejection fraction (%) 50.5±14.6 49±16.7

Co-
morbidities No: Yes 17:27 19:25

BMI: Body Mass Index; ASA grade: American Society of 
Anesthesiology; NYHA: New York Heart Association

The study included 88 patients assigned for isolated CABG 
(Table 1). Intraoperative hemodynamic measures were non-
significantly (p>0.05) lower in group TEA till 30-min after 
induction of GA; then the difference became significantly 
(p<0.05) lower in group TEA till the end of surgery (Table 2 & 
Figure 1). 

Table 2: Intraoperative hemodynamic data of studied patients. 

Group Time 
Measures

Pre-
Operative

Post-
Induction 30-min 60-min 120-min 180-min At end of 

surgery

Group GA

HR 87.8 79.8 75.8 75.4 73.6 73.3 71.8

SAP 117.8 116 111.9 122.2 120.2 119.4 118.9

DAP 79 77.8 73.9 82 80.6 80.1 79.7

MAP 91.9 90.6 86.5 95.4 93.8 93 92.9

Group TEA

HR 84.7 79.2 73.3 71.3* 68.9* 65.3* 63.4*

SAP 117.5 115.7 107.5 105.8* 102.8* 98.7* 95.6*

DAP 78.2 77 71.5 70.4* 68.4* 65.7* 63.6*

MAP 91.3 89.9 83.5 82.2* 79.9* 75.7* 75.3*

Data are presented as mean±SD; HR: Heart Rrate; SAP: Systolic Arterial Pressure; DAP: Diastolic Arterial Pressure; MAP: Mean Arterial 
Pressure; *: Significance Versus Control Levels
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Figure 1:  Mean pain VAS scores determined throughout 36-hr 
after ICU discharge.

Operative data showed non-significant difference between 
both groups. Patients of group TEA showed significantly 
lower amount of 1st PO day wound drainage, and durations of 
mechanical ventilation and ICU stay. Pain scores, determined 
throughout 1st 36-hr afterward transfer, were significantly 
lower in patients of TEA group than those of group GA (Fig. 1) 
with significantly lower collective 36-hr pain score. Mean total 
duration of hospital stay was significantly shorter in group TEA 
compared to group GA (Table 3).
Table 3: Operative data of patients of both groups.

Data Group G Group E

Operative times 
(min)

Cross clamping 
time 60.7±13.1 61.4±13.2

Cardiopulmonary 
bypass time 114.1±19.7 106.3±14.7

Hemostasis & 
Chest closure 58.2±7.6 53.8±11.6*

Total operative 
time 233±27.8 221.5±29.6

Number of 
vessels

One: Two: Three 7:17:20 11:19:14

Mean 2.3±0.7 2.1±0.8

Operative blood 
transfusion

Frequency of blood 
transfusion 13 (29.5%) 10 (22.7%)

Number of 
transfused units 1.5±0.5 1.3±0.5

Amount of 1st PO day tube drainage 
(ml) 587.5±117 493±134*

Duration of MV(hr) 7.9±1.8 7.2±1.1*

Mean duration of ICU stay (days) 2.8±1.2 2.1±0.6*

PO complications 1.07±0.82 0.7±0.85*

Collective postoperative pain score 2.9±1.3 1.8±0.5

Total PO hospital stay (days) 11±3.3 8.5±1.8*

Data are presented as mean±SD, ratios & numbers; percentages are 
in parenthesis; *: significant difference versus group GA

Preoperative serum cytokine levels showed non-significant 
(p>0.05) difference between studied patients. All patients 
showed significantly (p<0.05) higher PO cytokines levels 
compared to preoperative levels with significantly higher serum 
IL-1β, IL-6 and TNF-α and significantly lower serum IL-10 levels 
in patients of group G compared to patients of group E. This 
significant difference persisted till 2-day PO (Table 4). 

Table 4: Mean (±SD) PO serum levels of studied cytokines compared to preoperative levels in patients of both groups.

Cytokine Time Group Preoperative 4-Hr 1-Day 2-Day

IL-1β (pg/ml) Group GA 1.75±0.32 2.05±0.36* 2.32±0.54* 2.66±0.69*

Group TEA 1.72±0.42 1.87±0.42*† 2.09±0.41*† 2.37±0.48*†

IL-6 (pg/ml) Group GA 12.6±3.39 35.91±8.8* 41.38±9* 47.9±11.4*

Group TEA 12.9±3.7 27.7±6.8*† 31.7±6.55*† 38.8±9.33*†

TNF-α(pg/ml) Group GA 7.04±2.8 21.2±8.17* 29.3±4.81* 38.52±10.78*

Group TEA 6.76±1.27 17±3.32*† 24.93±6*† 27.5±7.66*†

IL-10 (pg/ml) Group GA 12±5.06 20.75±8.15* 26.82±14.12* 37.68±21*

Group TEA 12.5±6.03 27.24±15.7*† 32.5±8.68*† 57.18±15.3*†

Postoperative serum levels of inflammatory cytokines were 
significantly higher, while levels of anti-inflammatory cytokine 
were with significantly lower compared to preoperative levels; 
a finding that illustrates the stress imposed by CABG surgery 
on immune system and supported that previously reported in 
literature [17-21]. However, thoracic epidural analgesia (TEA) 
significantly lessened this effect compared to general anesthesia 
(GA) alone. These findings illustrated the beneficial effects of 
epidural analgesia on surgery-induced activation of immune 
system and supported that previously reported by Bach et al. 

[22] and Palomero Rodríguez et al. [23] who reported that TEA 
as a part of a combined anesthesia attenuated the inflammatory 
response to cardiac surgery with CPB. Moreover, Caputo et 
al. [24] detected significantly lower IL-6 and IL-8 levels with 
significantly higher levels of IL-10 with combined GA and ETA 
than in GA alone in patients underwent off-pump CABG. Also, 
Zawar et al. [10] found combined TEA with GA decreased IL-6 at 
day 2, TNF-ά at day 2 and 5 and concluded that TEA decreases 
inflammatory response to CABG.
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Patients received TEA showed significantly lower pain score 
and rescue analgesia consumption for 36-hr after extubation. This 
allowed early ambulation and favorable outcome. Such outcome 
supported that previously documented that TEA provided better 
analgesia with significantly reduced pain intensity and analgesic 
consumption in early PO period after CABG (El-Morsy & El-Deeb 
[25], Gurses et al. [26], Onan et al. [27] and Porizka et al. [28]. 

Patients received TEA enjoyed significantly better PO course 
with significantly shorter duration of MV and ICU stay. This could 
be attributed to the better control on inflammatory response 
in favor of anti-inflammatory direction and the perfect control 
of pain that allowed freer chest movement with subsequent 
better lung ventilation, thus reducing postoperative MV-induced 
complications. Additionally, TEA minimized the need for opioid 
with its sedative and possible respiratory inhibition effects thus 
allowed earlier weaning of MV and ICU discharge.

These data go in hand with El-Morsy & El-Deeb [25] who 
reported that in elderly CABG patients, TEA reduced severity 
of PO pulmonary dysfunction with faster restoration of normal 
function and significantly higher PaO2, lower PaCO2, thus 
resulting in earlier extubation and awakening. Moreover, 
Gurses et al. [26] found PO need for vasodilator, transfusion; 
analgesics, extubation time and duration of stay in ICU were 
significantly lower in TEA group of CABG patients compared to 
GA group. Also, Nesković et al. [29] reported that combination 
of GA with TEA appears to be good choice during synchronous 
carotid endarterectomy and OPCAB due to advantages of early 
extubation and early neurological assessment. Recently, in 2016; 
Porizka et al. [28] and Barbosa et al. [30] reported significantly 
shorter time to extubation and lower ICU stay of CABG patients 
received TEA.

Furthermore, patients had combined GA and TEA showed 
significantly lower amount of mediastinal drainage on 1st PO 
day; mostly due to better intraoperative hemodynamic control 
secondary to significantly lower blood pressure so minimizing 
bleeding and subsequently decreased PO oozing and collection. 
Similarly, Gurses et al. [26] reported significantly lower 
intraoperative MAP, need for transfusion, whereas cardiac 
output and index, hematocrit values were significantly higher; 
and postoperative MAP, HR, hypertension development were 
significantly lower with TEA compared to GA. 

In addition, patients received TEA showed non-significantly 
lower frequency of PO events, but had significantly shorter 
duration of hospital stay. In line with such outcome, Zawar 
et al. [10], Gurses et al. [26] and Porizka et al. [28] reported 
significantly shorter duration of hospital stay in TEA group 
compared to GA group. Also, Barbosa et al. [30], found combined 
TEA and GA showed lower incidence of arrhythmias and 
lower ICU and hospital stay and Stenger et al. [31] reported 
significantly lower frequency of PO dialysis and myocardial 
infarction and 6-m mortality rate of cardiac surgery patients 
received supplemental TEA to GA.

In line with outcomes of the current study and in support 
of the efficacy of TEA for patients undergoing CABG, multiple 
studies approved efficacy of combined TEA and GA for cardiac 
surgery in obese patients [32], chronic obstructive pulmonary 
disease patients [33] elderly cardiac surgery patients [34] and 
even in high risk cardiac surgery patients [35].

Multiple experimental studies tried to evaluate the 
beneficial effects of TEA for patients undergoing CABG; Bedirli 
et al. [36] using a rat model of mesenteric ischemia/reperfusion 
found TEA significantly decreased cytokine, malondialdehyde, 
and myeloperoxidase levels and increased antioxidant 
enzyme levels with significantly decreased intestinal injury 
score and percentage of apoptotic cells. Onan et al. [37] using 
immunocytochemistry showed that TEA increased internal 
thoracic artery free blood flow significantly via increased 
vascular endothelial growth factor and inducible nitric oxide 
synthase expressions and recommended the use of TEA as an 
adjunct to GA as an alternative to vasoactive agents for increasing 
internal thoracic artery blood flow during CABG surgery. 

Conclusion
TEA provided significantly better control on inflammatory 

response during on-pump CABG in favor of anti-inflammatory 
arm. Continuous epidural analgesia during ICU stay significantly 
shortened duration of MV and ICU stay with reduction of need 
for opioid. Pain control provided by TEA allowed PO early 
ambulation, rehabilitation and short hospital stay. 

References
1.	 Møller CH, Steinbrüchel DA (2014) Off-pump versus on-pump coronary 

artery bypass grafting. Curr Cardiol Rep 16(3): 455.

2.	 Madhivathanan PR, Fletcher N, Gaze D, Thomson R, Chandrasekaran V, 
et al. (2016) Perioperative kinetics of endocan in patients undergoing 
cardiac surgery with and without cardiopulmonary bypass. Cytokine 
83: 8-12.

3.	 Evora PR, Bottura C, Arcêncio L, Albuquerque AA, Évora PM, et al. 
(2016) Key Points for Curbing Cardiopulmonary Bypass Inflammation. 
Acta Cir Bras 31(Suppl 1): 45-52.

4.	 Parolari A, Poggio P, Myasoedova V, Songia P, Pilozzi A, et al. (2016) 
Molecular pathways activation in coronary artery bypass surgery: 
which role for pump avoidance? J Cardiovasc Med (Hagerstown) 17(1): 
54-61.

5.	 Baki ED, Aldemir M, Kokulu S, Koca HB, Ela Y, et al. (2013) Comparison of 
the effects of desflurane and propofol anesthesia on the inflammatory 
response and s100β protein during coronary artery bypass grafting. 
Inflammation 36(6):1327-1333.

6.	 Demir T, Ergenoglu MU, Demir HB, Tanrikulu N, Sahin M, et al. 
(2015) Pretreatment with methylprednisolone improves myocardial 
protection during on-pump coronary artery bypass surgery. Heart 
Surg Forum 18(4): E171-E177.

7.	 Amanullah MM, Hamid M, Hanif HM, Muzaffar M, Siddiqui MT, et 
al. (2016) Effect of steroids on inflammatory markers and clinical 
parameters in congenital open heart surgery: a randomised controlled 
trial. Cardiol Young 26(3): 506-515.

8.	 Bulow NM, Colpo E, Pereira RP, Correa EF, Waczuk EP, et al. (2016) 
Dexmedetomidine decreases the inflammatory response to myocardial 
surgery under mini-cardiopulmonary bypass. Braz J Med Biol Res 
49(4): e4646.

http://dx.doi.org/10.19080/JAICM.2017.02.555593

https://www.ncbi.nlm.nih.gov/pubmed/24482012
https://www.ncbi.nlm.nih.gov/pubmed/24482012
https://www.ncbi.nlm.nih.gov/pubmed/26999704
https://www.ncbi.nlm.nih.gov/pubmed/26999704
https://www.ncbi.nlm.nih.gov/pubmed/26999704
https://www.ncbi.nlm.nih.gov/pubmed/26999704
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86502016001300045
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86502016001300045
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-86502016001300045
https://www.ncbi.nlm.nih.gov/pubmed/26418473
https://www.ncbi.nlm.nih.gov/pubmed/26418473
https://www.ncbi.nlm.nih.gov/pubmed/26418473
https://www.ncbi.nlm.nih.gov/pubmed/26418473
https://www.ncbi.nlm.nih.gov/pubmed/23775574
https://www.ncbi.nlm.nih.gov/pubmed/23775574
https://www.ncbi.nlm.nih.gov/pubmed/23775574
https://www.ncbi.nlm.nih.gov/pubmed/23775574
https://www.ncbi.nlm.nih.gov/pubmed/26334856
https://www.ncbi.nlm.nih.gov/pubmed/26334856
https://www.ncbi.nlm.nih.gov/pubmed/26334856
https://www.ncbi.nlm.nih.gov/pubmed/26334856
https://www.ncbi.nlm.nih.gov/pubmed/25917060
https://www.ncbi.nlm.nih.gov/pubmed/25917060
https://www.ncbi.nlm.nih.gov/pubmed/25917060
https://www.ncbi.nlm.nih.gov/pubmed/25917060
https://www.ncbi.nlm.nih.gov/pubmed/26909786
https://www.ncbi.nlm.nih.gov/pubmed/26909786
https://www.ncbi.nlm.nih.gov/pubmed/26909786
https://www.ncbi.nlm.nih.gov/pubmed/26909786


How to cite this article: Ahmed E S, Maha M H, Mohamed A, Manal H . Thoracic Epidural Analgesia Lessens Inflammatory Response to Coronary Artery 
Bypass Grafting Surgery. J Anest & Intern Care Med. 2017; 2(4) : 555593. DOI: 10.19080/JAICM.2017.02.555593005

Journal of Anesthesia & Intensive Care Medicine

9.	 Zawar BP, Mehta Y, Juneja R, Arora D, Raizada A, et al. (2015) 
Nonanalgesic benefits of combined thoracic epidural analgesia with 
general anesthesia in high risk elderly off pump coronary artery 
bypass patients. Ann Card Anaesth 18(3): 385-391.

10.	Dinarello CA (1992) ELISA kits based on monoclonal antibodies do not 
measure total IL-1β synthesis. J Immunol Methods 148(1): 255-259.

11.	Poll T (1996) IL-10 release during endotoxaemia in chimpanzees: role 
of platelet-activating factor and IL-6. Scand J Immunol 43(1): 122-125. 

12.	Gaines-Das RE, Poole S (1993) The international standard for 
interleukin-6-evaluation in an international collaborative study. J 
Immunol Methods 160(2): 147-53.

13.	De Kossodo S, Houba V, Grau GE (1995) The WHO Collaborative Study 
Group. Assaying tumor necrosis factor concentrations in human 
serum. A WHO international collaborative study. J Immunol Methods 
182: 107-114.

14.	Kraemer HC, Theimann S (1987) How many subjects? Statistical power 
analysis in research, Newbury Park, USA.

15.	Murphy KR, Myors B (2003) Statistical Power Analysis: A Simple and 
General Model for Traditional and Modern Hypothesis Tests. (2nd edn), 
Lawrence Erlbaum Associates, Inc., USA.

16.	Bicer M, Senturk T, Yanar M, Tutuncu A, Oral AY, et al. (2014) Effects of 
off-pump versus on-pump coronary artery bypass grafting: apoptosis, 
inflammation, and oxidative stress. Heart Surg Forum 17(5): 
E271-E276.

17.	Płotek W, Pielok J, Cybulski M, Samborska R (2015) Emotional 
processes in patients undergoing coronary artery bypass graft 
surgeries with extracorporeal circulation in view of selected indicators 
of the inflammatory condition. Med Sci Monit 21: 105-117.

18.	Holmannova D, Kolackova M, Mandak J, Kunes P, Holubcova Z, et al. 
(2015) Inhibitory CD200R and proapoptotic CD95/CD95L molecules 
on innate immunity cells are modulated by cardiac surgery. Perfusion 
30(7): 543-555.

19.	Poole L, Ronaldson A, Kidd T, Leigh E, Jahangiri M, et al. (2016) 
Pre-Operative Cognitive Functioning and Inflammatory and 
Neuroendocrine Responses to Cardiac Surgery. Ann Behav Med 50(4): 
545-553.

20.	Howell KW, Cleveland JC, Meng X, Ao L, Su X, et al. (2016) Interleukin 
6 production during cardiac surgery correlates with increasing age. J 
Surg Res 201(1): 76-81.

21.	Bach F, Grundmann U, Bauer M, Buchinger H, Soltész S, et al. (2002) 
Modulation of the inflammatory response to cardiopulmonary bypass 
by dopexamine and epidural anesthesia. Acta Anaesthesiol Scand 
46(10): 1227-1235.

22.	Palomero Rodríguez MA, Suarez Gonzalo L, Villar Alvarez F, Varela 
Crespo C, Moreno Gomez Limon I, et al. (2008) Thoracic epidural 
anesthesia decreases C-reactive protein levels in patients undergoing 
elective coronary artery bypass graft surgery with cardiopulmonary 
bypass. Minerva Anestesiol 74(11): 619-626.

23.	Caputo M, Alwair H, Rogers CA, Ginty M, Monk C, et al. (2009) 
Myocardial, inflammatory, and stress responses in off-pump coronary 

artery bypass graft surgery with thoracic epidural anesthesia. Ann 
Thorac Surg 87(4): 1119-1126.

24.	El-Morsy GZ, El-Deeb A (2012) The outcome of thoracic epidural 
anesthesia in elderly patients undergoing coronary artery bypass graft 
surgery. Saudi J Anaesth 6(1): 16-21.

25.	Gurses E, Berk D, Sungurtekin H, Mete A, Serin S (2013) Effects of high 
thoracic epidural anesthesia on mixed venous oxygen saturation in 
coronary artery bypass grafting surgery. Med Sci Monit 19: 222-229. 

26.	Onan B, Onan IS, Kilickan L, Sanisoglu I (2013) Effects of epidural 
anesthesia on acute and chronic pain after coronary artery bypass 
grafting. J Card Surg 28(3): 248-253. 

27.	Porizka M, Koudelkova K, Kopecky P, Porizkova H, Dohnalova A, et al. 
(2016) High thoracic anesthesia offers no major benefit over general 
anesthesia in on-pump cardiac surgery patients: a retrospective study. 
Springerplus 5(1): 799. 

28.	Nesković V, Milojević P, Unić-Stojanović D, Ilić I, Slavković Z (2013) 
High thoracic epidural anesthesia in patients with synchronous carotid 
endarterectomy and off-pump coronary artery revascularization. 
Vojnosanit Pregl 70(12): 1132-1137.

29.	Barbosa FT, da Cunha RM, da Silva Ramos FW, de Lima FJ, Rodrigues 
AK, et al. (2016) Effectiveness of combined regional-general anesthesia 
for reducing mortality in coronary artery bypass: meta-analysis. Braz J 
Anesthesiol 66(2): 183-193.

30.	Stenger M, Fabrin A, Schmidt H, Greisen J, Erik Mortensen P, et al. (2013) 
High thoracic epidural analgesia as an adjunct to general anesthesia 
is associated with better outcome in low-to-moderate risk cardiac 
surgery patients. J Cardiothorac Vasc Anesth 27(6): 1301-1309. 

31.	Sharma M, Mehta Y, Sawhney R, Vats M, Trehan N (2010) Thoracic 
epidural analgesia in obese patients with body mass index of more 
than 30 kg/m2 for off pump coronary artery bypass surgery. Ann Card 
Anaesth 13(1): 28-33.

32.	Mehta Y, Vats M, Sharma M, Arora R, Trehan N (2010) Thoracic epidural 
analgesia for off-pump coronary artery bypass surgery in patients with 
chronic obstructive pulmonary disease. Ann Card Anaesth 13(3): 224-
230. 

33.	Jakobsen CJ, Bhavsar R, Nielsen DV, Ryhammer PK, Sloth E, et al. (2012) 
High thoracic epidural analgesia in cardiac surgery. Part 1--high 
thoracic epidural analgesia improves cardiac performance in cardiac 
surgery patients. J Cardiothorac Vasc Anesth 26(6): 1039-1047.

34.	Mehta Y, Arora D, Vats M (2012) Epidural analgesia in high risk cardiac 
surgical patients. HSR Proc Intensive Care Cardiovasc Anesth 4(1): 11-
14.

35.	Bedirli N, Akyürek N, Kurtipek O, Kavutcu M, Kartal S, et al. (2011) 
Thoracic epidural bupivacaine attenuates inflammatory response, 
intestinal lipid peroxidation, oxidative injury, and mucosal apoptosis 
induced by mesenteric ischemia/reperfusion. Anesth Analg 113(5): 
1226-1232.

36.	Onan IS, Onan B, Korkmaz AA, Oklu L, Kilickan L, et al. (2011) Effects 
of thoracic epidural anesthesia on flow and endothelium of internal 
thoracic artery in coronary artery bypass graft surgery. J Cardiothorac 
Vasc Anesth 25(6): 1063-1070.

http://dx.doi.org/10.19080/JAICM.2017.02.555593

https://www.ncbi.nlm.nih.gov/pubmed/26139745/
https://www.ncbi.nlm.nih.gov/pubmed/26139745/
https://www.ncbi.nlm.nih.gov/pubmed/26139745/
https://www.ncbi.nlm.nih.gov/pubmed/26139745/
https://www.ncbi.nlm.nih.gov/pubmed/1564330
https://www.ncbi.nlm.nih.gov/pubmed/1564330
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-3083.1996.d01-12.x/full
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-3083.1996.d01-12.x/full
https://www.ncbi.nlm.nih.gov/pubmed/8459102
https://www.ncbi.nlm.nih.gov/pubmed/8459102
https://www.ncbi.nlm.nih.gov/pubmed/8459102
https://www.ncbi.nlm.nih.gov/pubmed/25367242
https://www.ncbi.nlm.nih.gov/pubmed/25367242
https://www.ncbi.nlm.nih.gov/pubmed/25367242
https://www.ncbi.nlm.nih.gov/pubmed/25367242
https://www.ncbi.nlm.nih.gov/pubmed/25573296
https://www.ncbi.nlm.nih.gov/pubmed/25573296
https://www.ncbi.nlm.nih.gov/pubmed/25573296
https://www.ncbi.nlm.nih.gov/pubmed/25573296
https://www.ncbi.nlm.nih.gov/pubmed/25404054
https://www.ncbi.nlm.nih.gov/pubmed/25404054
https://www.ncbi.nlm.nih.gov/pubmed/25404054
https://www.ncbi.nlm.nih.gov/pubmed/25404054
https://www.ncbi.nlm.nih.gov/pubmed/26865259
https://www.ncbi.nlm.nih.gov/pubmed/26865259
https://www.ncbi.nlm.nih.gov/pubmed/26865259
https://www.ncbi.nlm.nih.gov/pubmed/26865259
https://www.ncbi.nlm.nih.gov/pubmed/26850187
https://www.ncbi.nlm.nih.gov/pubmed/26850187
https://www.ncbi.nlm.nih.gov/pubmed/26850187
http://onlinelibrary.wiley.com/doi/10.1034/j.1399-6576.2002.461010.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1399-6576.2002.461010.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1399-6576.2002.461010.x/abstract
http://onlinelibrary.wiley.com/doi/10.1034/j.1399-6576.2002.461010.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/18971890
https://www.ncbi.nlm.nih.gov/pubmed/18971890
https://www.ncbi.nlm.nih.gov/pubmed/18971890
https://www.ncbi.nlm.nih.gov/pubmed/18971890
https://www.ncbi.nlm.nih.gov/pubmed/18971890
https://www.ncbi.nlm.nih.gov/pubmed/19324137
https://www.ncbi.nlm.nih.gov/pubmed/19324137
https://www.ncbi.nlm.nih.gov/pubmed/19324137
https://www.ncbi.nlm.nih.gov/pubmed/19324137
https://www.ncbi.nlm.nih.gov/pubmed/22412771/
https://www.ncbi.nlm.nih.gov/pubmed/22412771/
https://www.ncbi.nlm.nih.gov/pubmed/22412771/
https://www.ncbi.nlm.nih.gov/pubmed/23461638
https://www.ncbi.nlm.nih.gov/pubmed/23461638
https://www.ncbi.nlm.nih.gov/pubmed/23461638
https://www.ncbi.nlm.nih.gov/pubmed/27390640
https://www.ncbi.nlm.nih.gov/pubmed/27390640
https://www.ncbi.nlm.nih.gov/pubmed/27390640
https://www.ncbi.nlm.nih.gov/pubmed/27390640
https://www.ncbi.nlm.nih.gov/pubmed/24450258
https://www.ncbi.nlm.nih.gov/pubmed/24450258
https://www.ncbi.nlm.nih.gov/pubmed/24450258
https://www.ncbi.nlm.nih.gov/pubmed/24450258
https://www.ncbi.nlm.nih.gov/pubmed/26952228
https://www.ncbi.nlm.nih.gov/pubmed/26952228
https://www.ncbi.nlm.nih.gov/pubmed/26952228
https://www.ncbi.nlm.nih.gov/pubmed/26952228
https://www.ncbi.nlm.nih.gov/pubmed/23906858
https://www.ncbi.nlm.nih.gov/pubmed/23906858
https://www.ncbi.nlm.nih.gov/pubmed/23906858
https://www.ncbi.nlm.nih.gov/pubmed/23906858
https://www.ncbi.nlm.nih.gov/pubmed/20075532
https://www.ncbi.nlm.nih.gov/pubmed/20075532
https://www.ncbi.nlm.nih.gov/pubmed/20075532
https://www.ncbi.nlm.nih.gov/pubmed/20075532
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/20826963
https://www.ncbi.nlm.nih.gov/pubmed/23440670/
https://www.ncbi.nlm.nih.gov/pubmed/23440670/
https://www.ncbi.nlm.nih.gov/pubmed/23440670/
https://www.ncbi.nlm.nih.gov/pubmed/21865496
https://www.ncbi.nlm.nih.gov/pubmed/21865496
https://www.ncbi.nlm.nih.gov/pubmed/21865496
https://www.ncbi.nlm.nih.gov/pubmed/21865496
https://www.ncbi.nlm.nih.gov/pubmed/21865496
https://www.ncbi.nlm.nih.gov/pubmed/21835638
https://www.ncbi.nlm.nih.gov/pubmed/21835638
https://www.ncbi.nlm.nih.gov/pubmed/21835638
https://www.ncbi.nlm.nih.gov/pubmed/21835638


How to cite this article: Ahmed E S, Maha M H, Mohamed A, Manal H . Thoracic Epidural Analgesia Lessens Inflammatory Response to Coronary Artery 
Bypass Grafting Surgery. J Anest & Intern Care Med. 2017; 2(4) : 555593. DOI: 10.19080/JAICM.2017.02.555593006

Journal of Anesthesia & Intensive Care Medicine

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                      Track the below URL for one-step submission 
               https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JAICM.2017.02.555593

http://dx.doi.org/10.19080/JAICM.2017.02.555593

https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JAICM.2017.02.555593


	Title
	Abstract
	Objectives
	Patients & Methods
	Results
	Conclusion

	Keywords
	Introduction
	Patients & Methods
	Anesthetic technique
	Laboratory investigations
	Statistical analysis

	Results
	Conclusion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

