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Introduction: Propofol has been suggested as a useful adjunct to cardiopulmonary bypass (CPB) because of its 
potential	protective	effect	on	the	heart	mediated	by	a	decrease	in	ischemia-reperfusion	injury	and	inflammation	
at clinically relevant concentrations. In view of these potentially protective properties, which modulate many of 
the	deleterious	mechanism	of	inflammation	attributable	to	reperfusion	injury	and	CPB,	we	sought	to	determine	
whether	starting	a	low	dose	of	propofol	infusion	at	the	beginning	of	CPB	would	decrease	inflammation	as	
measured	by	pro-inflammatory	markers.	Materials and Methods: We enrolled 24 patients undergoing elective 
coronary artery bypass graft (CABG). The study group received propofol at rate of 120 mcg/kg/min immediately 
after starting CPB and was maintained throughout the surgery and for the following 6 hours in the intensive 
care unit (ICU). The control group received propofol dose of 30-50 mcg/kg/min which was started at the time 
of chest closure with wires and continued for the next 6 hours in the ICU. Interleukins (IL) -6, -8 and -10 and 
tumor necrosis factor alpha (TNFalpha) were assayed. Result:	The	most	significant	difference	was	in	the	
level of IL-6 which had a P value of less than 0.06. Starting a low dose propofol early during the CPB was not 
associated	with	significant	hemodynamic	instability	in	comparison	with	the	control	group.	Conclusion: Our 
study	shows	that	propofol	may	be	suitable	as	an	anti-inflammatory	adjunct	for	patients	undergoing	CABG.
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manifest as a ventricular dysfunction known 
as myocardial stunning.[5] It can also produce 
myocardial necrosis which, if extensive, may 
result in cardiac failure.[6]

At the cellular level, propofol has been 
shown to inhibit lipid peroxidation induced 
by oxidation stress in rat liver mitochondria, 
microsomes, and brain synaptosomes.[7] It also 

INTRODUCTION

Cardiopulmonary bypass (CPB) is associated 
with the activation of a systemic inflammatory 
response. This is mainly caused by contact of 
blood with the nonendothelial surfaces of the 
CPB circuit leading to a massive activation 
of the extrinsic pathway of coagulation 
secondary to release and reinfusion of 
the tissue factor. In addition to the direct 
activation via the “contact system,” thrombin 
and activated platelets also stimulate the 
inflammatory response.[1,2] Cytokines such 
as interleukins (ILs)-6, -8, and -10, tumor 
necrosis factor (TNF) as well as complement 
factors C5a and C3d are released.[3]

Propofol has been suggested as a useful 
adjunct to CPB because of its potential 
protective effect on the heart mediated by 
a decrease in ischemia-reperfusion injury 
and inflammation at clinically relevant 
concentrations.[4] Reperfusion injury might 
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increases basal endothelial nitric oxide release[8] and 
protects endothelial cells against the highly toxic-free 
radical peroxynitrite, another important molecule in the 
cellular toxicity of ischemia/reperfusion.[9] Mikawa et 
al. suggested that at clinically relevant concentrations, 
propofol can also suppress neutrophil chemotaxis, 
phagocytosis, and reactive oxygen species production.[10]

Corcoran et al. showed that the administration of 
propofol before aortic cross-clamp release in patients 
undergoing elective coronary artery bypass graft (CABG) 
surgery decreases myocardial lipid peroxidation, 
attenuates the inflammatory response to myocardial 
reperfusion, and limits the inflammatory cascade. 
They suggested giving a high dose of propofol around 
cross-clamp release time so that it reaches a steady state 
concentration of 6–8 ug/ml; followed by a lower infusion 
rate so as to maintain a steady state concentration of 
2–4 ug/ml for 4 hours would decrease IL-6 production 
and also prevent an increase in IL-8 concentration, thus 
pointing to an attenuation of the inflammatory process 
in patients treated with propofol.[11]

Despite the benefits, negative effects of propofol on 
myocardial contractility and hemodynamic status have 
been revealed both in animal and human models.[12,13] 
The negative inotropic impact was found in nonischemic 
and acute ischemic myocardium in a dose-dependent 
manner, but only at a concentration higher than those 
typically used in clinical practice.[14,15] Another major 
concern is the propofol infusion syndrome (PRIS) 
which is believed to be triggered by a dose of propofol 
exceeding 4 mg/kg/h, time of infusion longer than 48 
h, and implementation of concomitant infusions of 
catecholamines and steroids.[16,17]

MATERIALS AND METHODS

After obtaining approval by the Institutional Review 
Board (IRB no. 7163) and informed consent, we 
enrolled 24 American Society of Anesthesiologists 
(ASA) physical status IV patients undergoing elective 
CABG. One patient was subsequently removed 
from the study due to sample collection time error. 
Twenty-three patients were studied (study group = 12, 
control group = 11).

Using group sample sizes of 12 test patients and 11 
control patients, this study has a statistical power of 
0.80 (using a two-sided alpha level of 0.05) to detect 
an underlying effect size of 1.24. Using an approximate 

common standard deviation of 50 for the IL-6, IL-8, 
and IL-10 measures that effect size corresponds to an 
underlying mean difference of about 62 (e.g., a mean 
of 50 for test patients vs. 112 for control patients). 
Furthermore, using an approximate common standard 
deviation of 20 for the TNF-alpha measures that effect 
size corresponds to an underlying mean difference of 
about 25 (e.g., a mean of 10 for test patients vs. 35 for 
control patients). Therefore, this study was adequately 
powered to detect mean underlying differences of at 
least those magnitudes.

The inclusion criteria for the study were the patients 
with chronic stable angina and normal left ventricular 
function scheduled to undergo elective CABG. The 
exclusion criteria were impaired left ventricular 
function (ejection fraction <50%), clinically significant 
valvular dysfunction, myocardial infarction within 
the previous 6 weeks, diabetes mellitus, end-stage 
renal disease (ESRD), autoimmune disease, concurrent 
medication with anti-inflammatory effects (exception 
was made for aspirin 81 mg), immunosuppressive 
agents, and a history of allergic reaction to propofol.

In this randomized controlled, prospective investigation, 
patients were randomly assigned to either control arm 
(n = 11) or study arm (n = 12). Each of the surgeries 
was performed by a senior staff cardiothoracic surgeon 
and a physician assistant with no selection bias as to 
surgeon allocation. A blood sample was obtained from 
all participants in the preoperative holding area to 
establish a baseline inflammatory markers level (IL-6, 
-8, -10 and TNF-alpha).

After establishing standard ASA monitoring, anesthesia 
was induced with midazolam (0.05–0.1 mg/kg), 
sufentanil (1–1.5 mcg/kg or equivalent in fentanyl), 
etomidate (0.1–0.2 mg/kg), and inhalation of isoflurane 
at 1% with cisatracurium (0.15 mg/kg) to facilitate 
tracheal intubation. Intermitted positive-pressure 
ventilation was used to maintain normoxia and 
normocapnia. The ventilatory management for each 
patient was standardized to tidal volumes of 8 ml/kg 
to limit confounding factors.

Anesthesia was maintained with end tidal concentration 
of isoflurane of 1% in an oxygen air mix, cisatracurium 
infusion of 2 mcg/kg/min, and sufentanil 2–5 mcg/kg 
increments. Adequate dose of heparin was given to 
achieve activated clotting time of at least 400 s before 
cannulation and initiation of CPB.
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The CPB circuit was primed with 1500 ml of plasmalyte. 
Patients received both anterograde and retrograde 
cardioplegia at the discretion of the operating surgeon. 
CPB was performed at mild hypothermia (bladder 
temperature of 35°C), using membrane oxygenator and 
nonpulsatile perfusion. Activated clotting time was 
kept above 400 s by giving intermittent 5,000 units of 
heparin increments. PaO2 was maintained at 150–250 
mmHg and arterial pressure at 50–70 mmHg, with a low 
rate of 2–4 L/min/m2.

The study group received propofol at rate of 120 
mcg/kg/min immediately after starting CPB and was 
maintained throughout the surgery and for the following 
6 h in the Intensive Care Unit (ICU). The control group 
received propofol dose of 30–50 mcg/kg/min which 
was started at the time of chest closure with wires and 
continued for the next 6 h in the ICU.

During the peri-operative period, a total of 5 blood 
samples were obtained from each patient. First sample 
(T1) was obtained in preoperative holding area before 
the patient was transferred to the operating room. 
Second sample (T2) was obtained 20 min before aortic 
cross clamp placement. The remaining samples were 
obtained at 2 (T3), 6 (T4), and 24 h (T5) after aortic cross 
clamp removal. Samples were frozen at −70°C until all 
samples were collected and ready for analysis.

IL-6, -8 and -10, and TNF-alpha were assayed with a 
Bio-Plex 200 System (Bio-Rad, Hercules, CA, USA) 
using a custom 4-plex kit according to manufacturer’s 
instructions. Analyte concentrations (pg/ml) were 
calculated from standard curves using Bio-Plex Manager 
6.0 software (Bio-Rad, Hercules, CA, USA). Concentrations 
of each analyte below the lower limit of quantitation 
(LLOQ) (2.3, 1.9, 2.2, and 5.8 pg/ml for IL-6, -8 and -10, 
and TNF-alpha, respectively) were set to half the LLOQ.

Due to the distributional nonnormality of the numeric 
comparison variables, the Wilcoxon rank sum test 
(a nonparametric alternative to the two-sample t-test) 
has been used throughout. For the single categorical 
comparison variable [β-blocker usage; Table 1], the 
Fisher exact test has been used instead of the more 
standard Chi-square test due to sparse data (i.e., the 
presence of expected cell counts <5).

As an additional evaluation of the IL-6, -8 and -10, and 
TNF-alpha data, repeated-measures analysis of variance 
(ANOVA) has been used. The repeated-measures 

modeling contains a group factor which represents 
the overall difference between the two groups when 
the 5 time points are combined together. That analysis 
has been performed on a logarithm transformed data, 
thereby conforming to the ANOVA requirement of 
distributional normality.

RESULTS

The groups were similar in terms of demographics, 
procedure performed, and doses of medication as shown 
in Table 1. All patients required short-term inotropic 
support upon separation from CPB. The change in 
markers was most profound at the 2 h mark. We believe 
that 2 h mark is representative of 2 h after cross clamp 
removal, which is consistent with our investigative 
findings that propofol plays a role in modulation of the 
inflammatory cascade, particularly around the time of 
reperfusion.

The group comparison results are summarized in Tables 
2-5. The infusion T result indicated that the test group 
has significantly higher levels of that variable than 
the control group. A statistically significant difference 
between the two study groups has been detected for 
the infusion T variable as shown in Table 1.

The resulting group factor P values are all >0.05, 
indicating that none of the overall group differences 
are statistically significant (P = 0.099 for IL-6, P = 
0.348 for IL-8, P = 0.641 for IL-10, and P = 0.273 for 
TNF-alpha).

Table 1: Group comparison results for other 
study variables

Variable Test (n=12) Control (n=11) P
Beta	blocker	 (%) 7 (58.3) 10 (90.9) 0.155 (F)
Midazolam 9.4±3.4 12.0±5.1 0.143 (W)
Etomidate 4.1±5.2 6.8±3.9 0.277 (W)
Sufentanil 325.0±406.5 730.0±460.8 0.056 (W)
Grafts 3.5±0.8 3.6±1.3 0.842 (W)
Infusion T 248.0±81.0 77.3±21.4 <0.001 (W)*
Cross clamp 87.3±29.4 94.0±34.2 0.498 (W)
CPB 117.3±31.9 129.9±33.1 0.479 (W)
Crystalloid 1283.3±327.1 1190.9±258.7 0.508 (W)
Colloids 791.7±1351.9 454.5±187.7 0.818 (W)
Cell Saver 2.9±3.6 1.5±2.0 0.270 (W)
Urine output 637.9±319.2 623.2±345.4 0.368 (W)
Fentanyl 912.5±1427.4 227.3±517.9 0.137 (W)

*Statistically	 significant,	P<0.05. Categorical data are given as 
frequency (percentage of group). Numeric data are given as 
mean±SD. F: Fisher exact test, W: Wilcoxon rank sum test, 
CPB: Cardiopulmonary bypass, SD: Standard deviation
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The finding of this study suggests that propofol 
administration, starting from the beginning of CPB and 
continuing it for 6 h after cross clamp removal, may 
have beneficial effects on the inflammatory process that 
develops during the procedure. Propofol administration 
prevented the rise of IL-6, -8, and TNF-alpha pointing 
to a possible attenuation of the inflammatory process. 
On the other hand, there was a slight increase in the 
level of IL-10. The most significant difference was in 
the level of IL-6 which had a P value of <0.06 while the 
rest of markers had a P value that was higher than 0.1.

DISCUSSION

 Fransen et al.  reported that the acute inflammatory 
response in CABG patients, which has historically 
been ascribed to CPB, may actually be initiated by 
the surgical procedure itself, which includes, but is 
not limited to skin incision and median sternotomy.
[18]  Brasil et al.  reported a significantly higher release 
of TNF-alpha in the CPB group when compared with 
off-pump surgery.[19] However, recent data from  Tarnok 
et al.  suggest that similar increased serum levels of 

inflammatory mediators and increased consumption 
of complement and adhesion molecules occur during 
cardiovascular surgery with or without CPB in children. 
They concluded that these changes are the combined 
effect of anesthesia, surgical trauma, and endothelial 
lesions.[20]

Reactive oxygen species free radical generation 
is a critical early event in myocardial reperfusion 
injury. They are produced in the myocardium and 
endothelium during reperfusion.[21,22] Reactive oxygen 
species are responsible for many of the adverse 
effects of reperfusion, including cellular calcium 
dysregulation, endothelial and neutrophil activation, 
and proinflammatory cytokine release.

Propofol’s anti-inflammatory effects have attributed to 
its ability to modulate macrophage functions via the 
suppression of migration, phagocytosis, and oxidative 
ability.[23] Data from  Chang et al.  revealed that therapeutic 
concentrations of propofol can protect macrophages from 
nitric oxide-induced insults to the cell.[24]

Table 3: Group comparison results for IL-8
Variable Test (n=12) Control (n=11) P
IL-8_1 44.0±48.9 55.3±74.6 0.926 (W)
IL-8_2 22.4±11.1 37.5±26.9 0.148 (W)
IL-8_3 79.2±65.9 98.2±77.9 0.460 (W)
IL-8_4 109.5±90.9 119.4±91.7 0.460 (W)
IL-8_5 55.7±36.0 56.7±23.4 0.538 (W)

Data are given as mean±SD. W: Wilcoxon rank sum test, 
SD: Standard deviation, IL-8: Interleukins-8

Table 2: Group comparison results for IL-6
Variable Test (n=12) Control (n=11) P
IL-6_1 10.1±24.8 11.6±12.7 0.275 (W)
IL-6_2 34.9±30.4 65.6±63.0 0.479 (W)
IL-6_3 229.1±150.7 867.9±1237.7 0.166 (W)
IL-6_4 558.2±670.2 1368.2±2305.6 0.117 (W)
IL-6_5 342.9±495.3 183.5±89.2 0.782 (W)

Data are given as mean±SD. W: Wilcoxon rank sum test, 
SD: Standard deviation, IL-6: Interleukins-6
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The anti-inflammatory properties of propofol can be 
exerted using a dose as low as 10 µg/ml in blood.[25] 
However, abusive treatment with propofol can cause 
severe complications including PRIS in patients with 
critical illnesses.[26,27] Clinical manifestations and 
pathological observations showed a variety of cellular 
injury in PRIS patients, including lipemic plasma, fatty 
liver enlargement, metabolic acidosis, rhabdomyolysis, 
and myoglobinuria. Murphy et al. showed that treatment 
with a high dosage of propofol (25 µg/ml) resulted in 
macrophage apoptosis.[28]

Propofol’s antioxidant properties have been attributed 
to its phenolic, Vitamin E–like structure.[29] This limits 
tissue oxidative stress effects,[30] which may be accounted 
for by its reaction with toxic peroxynitrite molecules to 
form a less reactive phenoxyl molecule or by its ability to 
bind to reactive hydroxyl radicals more avidly than the 
spin-trap 5,5-dimethyl pyrroline-N-oxide, detoxifying 
these radicals, and preventing free radical-mediated 
lipid peroxidation.[31]

Our study showed that despite lower inflammatory 
markers in the test group, P value remained about 

the 0.05 mark which might suggest that starting 
propofol early during CPB may not be as protective 
as starting a higher dose infusion during the period 
of cross clamp removal. It is well-known that the 
pattern of peak release of cytokines is around this 
period.[32]

IL-10 levels might have been influenced by factors other 
than the inflammation process. As it is mainly cleared 
by the kidney, its plasma half-life is markedly increased 
in ESRD leading to elevated plasma level. Furthermore, 
uremic monocytes produce higher amount of IL-10 
compared to healthy individual.[33]

Our rationale for this study was to utilize the theoretical 
antioxidant effects of propofol prior to reperfusion. 
On reperfusion, activated neutrophils are flushed 
from pulmonary and cardiac capillaries into systemic 
circulation. Accordingly, the reperfusion period 
has been shown to entail an increase in circulating 
concentrations of free radicals. Previous investigations 
have shown that the peak concentration of free radicals 
in the peripheral circulation system appears at the 
reperfusion period.[34]

Table 4: Group comparison results for IL-10
Variable Test (n=12) Control (n=11) P
IL-10_1 91.7±275.9 12.8±34.9 0.368 (W)
IL-10_2 96.7±267.0 27.6±33.0 0.758 (W)
IL-10_3 227.4±579.0 58.9±65.1 0.689 (W)
IL-10_4 47.8±74.4 48.0±64.9 0.829 (W)
IL-10_5 13.3±16.6 12.5±12.3 1.000 (W)

Data are given as mean±SD. W: Wilcoxon rank sum test, 
SD: Standard deviation, IL-10: Interleukins-10

Table 5: Group comparison results for TNF-alpha
Variable Test (n=12) Control (n=11) P
TNF-alpha_1 4.6±2.2 29.7±55.6 0.335 (W)
TNF-alpha_2 4.4±2.1 13.0±27.7 1.000 (W)
TNF-alpha_3 5.7±3.6 20.1±40.8 0.204 (W)
TNF-alpha_4 7.8±10.1 19.8±33.6 0.319 (W)
TNF-alpha_5 5.5±3.8 11.1±14.5 0.765 (W)

Data are given as mean±SD. W: Wilcoxon rank sum test, 
SD: Standard deviation, TNF-alpha: Tumor necrosis factor-alpha
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We acknowledge some limitations in our pilot study. 
The sample size was only 24 patients, which might 
have affected the final result of the study. Also, the 
propofol concentration in blood was not measured for 
the patients, and given the dilutional effect of bypass 
and decreased perfusion to both liver and kidney; 
propofol level in blood may have had a fluctuated 
course, instead of being at the desired steady state. Also, 
the use of inhalational agents might have played a role 
in potentiating the anti-inflammatory effect.

Our study shows that despite using a relatively higher 
dose of propofol (120 mcg/kg/min) throughout CPB, there 
was no significant hemodynamic difference between the 
study and the control group. This was evident by stable 
vital signs during the propofol infusion with no need to 
adjust the inotropes and pressors provided to the patient. 
Also, there was no statistical difference in the amount 
crystalloid, colloids, blood products given to the patients 
in both groups as shown in Table 1.

CONCLUSION

Propofol may be suitable as an anti-inflammatory 
adjunct for patients undergoing CABG. Starting a low 
dose propofol early during the CPB was not associated 
with significant hemodynamic instability in comparison 
with the control group. However, larger sample sizes 
are needed to further elucidate if its anti-inflammatory 
effects during CPB are statistically significant.
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