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Abstract 
Background: Cancer colon is one of the most common malignancies. After 
colon cancer surgery patients may experience severe pain. Several studies 
have reported that a significant decrease in postoperative pain with propofol 
while other studies have showed this effect was not significant. Aim: Our goal 
was to assess the effect of combined epidural anaesthesia either with propofol 
or sevoflurane on intraoperative fentanyl consumption and postoperative 
pain in patients undergoing open surgical resection of colon cancer. Patients 
and Methods: 48 adult patients suffering from cancer colon scheduled for 
open surgical resection randomly allocated either to receive epidural-pro- 
pofol by total intra venous anaesthesia (TIVA) (n = 24) or epidural-sevoflu- 
rane anaesthesia (n = 24), intraoperative heart rate and fentanyl consumption 
and postoperative pain score (verbal analogue scale, 0 - 10) were recorded. 
Results: In our study we found that the intensity of postoperative pain was 
low in all patients and the propofol based anaesthesia had relatively lower 
pain scores up to 24 hrs postoperatively in comparison to sevoflurane based 
anaesthesia, intraoperative fentanyl consumption was lower with sevoflurane 
and heart rate lower with propofol group. Conclusions: we recommend that 
use of multimodal analgesia decrease postoperative pain in all cancer colon 
patients undergoing open surgery who anaesthetized with either propofol or 
sevoflurane. Also use of propofol showed better analgesic outcomes postope-
ratively. 
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1. Introduction 

Globally more than 1 million people get colorectal cancer every year resulting in 
about 715,000 deaths as of 2010 up from 490,000 in 1990 [1]. As of 2012, it is the 
second most common cause of cancer in women (9.2% of diagnoses) and the 
third most common in men (10.0%) with it being the fourth most common 
cause of cancer death after lung, stomach, and liver cancer [2].  

Surgery is the primary treatment for colon cancer, postoperative pain after 
open surgery for cancer colon is not controlled by simple analgesic that requires 
a well postoperative analgesia. However recent protocols, postoperative pain 
management remain a big challenge [3] [4]. 

The use of intraoperative general anesthetics, either injectable (propofol) or 
volatile (sevoflurane), could influence peripheral nociception, thereby control-
ling postoperative pain. 

Propofol for total intravenous injection and sevoflurane for inhalation anes-
thesia are mainly used in general anesthesia because their pharmacological 
properties facilitate rapid recovery after anesthesia. Propofol is superior in reco-
vering features and reducing postoperative adverse reactions [5]. Sevoflurane is 
volatile, nonflammable and aromatic, non-irritating to the respiratory tract, and 
has low blood gas partition coefficient, which is conducive to the regulation of 
anesthesia depth, smooth induction and rapid recovery [6]. 

In some studies, showed that propofol-based anesthesia was associated with 
decreased postoperative pain compared with that associated with volatile 
agent-based anesthesia [7] [8] [9]. 

While other studies found no evidence that propofol was superior than inha-
lational anaesthesia [10] [11]. 

There was a recent meta-analysis, that showed that was no significant differ-
ences between propofol and inhalational anesthesia (isoflurane, sevoflurane, and 
desflurane) were identified in controlling postoperative pain ,this was possibly 
due to substantial heterogeneity between the studies included [12]. 

In the present study, we aimed to evaluate the effect of epidural-propofol 
based anesthetic technique on postoperative pain and intraoperative fentanyl 
consumption and heart rate in comparison to epidural-sevoflurane based anes-
thesia in patients undergoing open surgical resection of colon cancer. 

2. Patients and Methods 

This study was conducted in South Egypt Cancer Institute, Assuit University, 
Assuit, Egypt, between April 2018 and August 2020. 

After obtaining the ethical committee approval of our institutional review 
board and signed informed written consent from each patient, which included 
explanation of the procedure, the benefits, the risks, and the alternatives, 48 pa-
tients scheduled for open surgical resection of cancer colon will be consecutively 
enrolled. The inclusion criteria were adult patients aged 20 - 70 yrs, ASA class I 
and II and scheduled for elective open surgery for non-metastatic cancer colon 
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stage I, II. 
The exclusion criteria were patient refusal, known allergy to the study medica-

tions, patients with compromised immune function (associated blood diseases, 
immunosuppressive drugs, chemotherapeutic agents, corticosteroids) and con-
traindications to epidural insertion e.g. infection at insertion site and coagulo-
pathy. Patients were randomly assigned to 2 equal groups, using a comput-
er-generated list of numbers that were masked in opaque sealed envelopes and 
opened before the procedure. Preoperative assessment for all patients include: 
1-Physical fitness. 2-Laboratory investigations (CBC, prothrombin time and 
concentration, urea and creatinine, blood glucose level and liver function). Pa-
tients were be randomly allocated into two groups, 24 patients for each one. 

Inhalational Group (A): patients received epidural-inhalational based anes-
thetic technique and postoperative analgesia through patient controlled epidural 
analgesia. General anesthesia was induced by fentanyl 1 µ/kg with 1 MAC sevof-
lurane, endotracheal intubation was facilitated as group (EP) and maintenance 
was made by sevoflurane. At the end of surgery, muscle relaxation reversed by 
neostigmine 0.05 mg/kg and atropine 0.01 mg/kg. 

Propofol Group (B): patients received epidural-propofol based anesthetic 
technique and postoperative analgesia through patient controlled epidural 
analgesia. General anesthesia was induced by propofol 2 mg/kg and fentanyl 1 
µ/kg. Endotracheal intubation was facilitated with administration of cis-atracu- 
rium 0.3 mg/kg followed by cis-atracurium 0.15 mg/kg on demand throughout 
the operation, maintenance of anesthesia was accomplished by I V propofol 3 - 
10 mg/kg/h and was titrated to maintain adequate anesthetic depth with fen-
tanyl 0.5 µ/kg/hr. Thoracic epidural block was performed in the operative unit 
under complete aseptic conditions under standard ASA monitoring. In the 
preoperative room, basic monitoring probes were attached. Each patient’s 
blood pressure, peripheral oxygen saturation, and ECG were monitored by an 
anesthesiologist before and during the intervention. IV 18 G cannula was in-
serted and 1 L of normal saline was infused. The patient is positioned in sitting 
position with the head fully flexed on the neck. After sterilization of the area of 
injection and using complete aseptic technique, the skin point of puncture is 
infiltrated with 2% lidocaine. Before induction of anesthesia, the epidural ca-
theter was placed midway at the inter-vertebral thoracic space between T9 and 
T11 in patients for left-sided resections and between T8 and T10 in patients 
for right-sided resections. After testing dose of 2 ml of adrenaline 1:100,000 
and lidocaine 2% to ensure the site of the catheter, patients received a bolus of 
7 ml 0.25% bupivacaine and fentanyl 2 µ/ml to obtain sensory level at T4, 
within 15 minutes, if the sensory level was below T4 another 1 ml/segment was 
delivered through the catheter. After adequate recovery from anesthesia, all 
patients were transferred to post anesthesia care unit. Postoperative analgesia 
for both groups was done by patient controlled epidural analgesia, with con-
stant infusion of 7 ml of 0.125% bupivacaine and 2 µ/ml fentanyl, 7 ml boluses 
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and a 15-min lockout time. Patients were followed up for analgesia, efficacy, 
side effects, and complications for the first 24 hrs. The pain intensity was meas-
ured by VAS (0-10), the subjects were instructed that if 0 represented no pain 
and 10 represented the worst imaginable pain and they should know how to 
perform it correctly. Heart rate and fentanyl consumption during operation 
were reported. 

Statistical Analysis 

All data were collected and cleaned by Excel program® then analyzed with SPSS® 
software version 23.0 was used for data management and data analysis. Mean ± 
standard deviation, median and range when appropriate described quantitative 
data. Numbers with percentages described qualitative data. The chi-square test 
will be used for comparing independent categorical variables. The Mann-Whitney 
U-test, Wilcoxon Signed Ranks Test and Friedman’s test will be performed for 
the numerical variables not displaying normal distribution. Independent sam-
ples T-test was performed for the numerical variables displaying normal distri-
bution. P value was two tailed and considered significant at 0.05 level. 

3. Results 

About 89 patients evaluated, 70 of them were identified to be eligible and ran-
domly assigned to two groups. Of those excluded from the study, 19 failed to 
meet the inclusion criteria (11 due to ASA ≥ III, SAP > 180 mmHg, cardiopul-
monary disease, or chronic renal disease, 6 due to change in surgical approach or 
cancellation of procedure) and 2 refused to enroll. After excluding 22 patients 
for various reasons, 48 patients remained till the study end. In those who left the 
study prematurely, PCA was terminated early in 5 patients, surgical procedures 
were switched intraoperatively in 9 patients, 6 patients underwent reoperation, 
and 2 patients were died from postoperative hemorrhage on the first postopera-
tive day. Twenty four patients in each group remained in the final analyses. 

All patients completed the study according to the protocol. All procedures 
were performed by the same team. 

Patient characteristics of the 2 study groups are compared regarding: sex, di-
agnosis either rt colon, lt colon, sigmoid, transverse colon, hepatic flexure or 
splenic flexure and ASA classification and showed no significant difference be-
tween them (Table 1 and Figures 1-3). 

Comparison of Operative data among the 2 study groups showed no signifi-
cant difference (Table 2). 

The propofol group had lower HRs compared to the sevoflurane group 
(80.96) ± 15.07 vs. (74.71) ± 17.26 beats/min, P = 0.188 (Table 2).  

Intraoperative fentanyl consumption was lower insevoflurane group com-
pared to propofol group (157.71) ± 55.05 vs. (223.13) ± 48.23 micg P < 0.001 
(Table 2 and Figure 4). 

Regarding measurement of pain intensity by VAS score, we measured from 4  
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Table 1. Patient characteristics of the 2 study groups. 

 

Group 

P value 
A (inhalation 
sevoflurane) 

B (intravenous 
propofol) 

Count % Count % 

Sex 

Female 8 33.3 14 58.3 

0.147 Male 16 66.7 10 41.7 

Total 24 100.0 24 100.0 

Diagnosis 

RT colon 8 33.3 5 20.8 

0.896 

LT colon 6 25.0 6 25.0 

sigmoid colon 8 33.3 9 37.5 

Transverse colon 1 4.2 2 8.3 

Hepatic flexure 1 4.2 1 4.2 

splenic flexure 0 0.0 1 4.2 

Total 24 100.0 24 100.0 

ASA 

I 14 58.3 16 66.7 

0.766 II 10 41.7 8 33.3 

Total 24 100.0 24 100.0 

P value is significant ≤ 0.05 Chi-square test. 

 
Table 2. Comparison of operative data among the 2 study groups. 

 

Group 

P value 
A (inhalation  
sevoflurane) 

B (intravenous  
propofol) 

Mean 
Std.  

Deviation 
Mean 

Std.  
Deviation 

Duration of surgery (hr.) 3.03 0.74 2.92 0.95 0.645 

Duration of anesthesia (hr.) 3.48 1.04 3.46 0.96 0.943 

HR per min 80.96 15.07 74.71 17.26 0.188 

Intraoperative fentanyl  
consumption (mic g) 

157.71 55.05 223.13 48.23 <0.001 

P value is significant ≤ 0.05 Independent samples T-test. 

 
to 24 hours postoperative in both study groups. 

We found that for VAS score with sevoflurane group, there was a highly 
significant drop in pain score between that assessed after 4 hours and those af-
ter 20 and 24 hours, and for the second group with propofol, also there was a 
highly significant drop in pain score but only after 24 hours (Table 3 and Fig-
ure 5) (All pairwise comparisons were Bonferroni adjusted). When comparing 
VAS at each time point between the two study groups no significant difference 
was found. 

Side effects and complications as: postoperative nausea and vomiting and hae-
modynamic changes, we found that 3 patients only complained in sevoflurane  
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Table 3. VAS score from 4 to 24 hours postoperative in both study groups. 

Group 
VAS.4 

hr. 
VAS.8 

hr. 
VAS.12 

hr. 
VAS.16 

hr. 
VAS.20 

hr. 
VAS.24 

hr. 

P value for 
within groups, 

time effect 

A  
(inhalation 
sevofluran) 

Median 1.00 1.00 1.00 1.00 0.00 0.00 

<0.001* Range 0 - 6 0 - 6 0 - 6 0 - 5 0 - 5 0 - 6 

Mean 1.62 1.08 1.17 1.00 0.63 0.63 

B  
(intravenous 

propofol) 

Median 1.00 1.00 1.00 1.00 1.00 0.00 

<0.001* Range 0 - 5 0 - 5 0 - 4 0 - 4 0 - 4 0 - 2 

Mean 1.29 1.08 1.00 0.92 0.75 0.42 

P value  
between 
groups 

 0.295 0.809 0.991 0.812 0.317 0.769  

For VAS score with inhalation type, there was a highly significant drop in pain score between that assessed 
after 4 hours and those after 20 and 24 hours. For the second group with intravenous type, also there was a 
highly significant drop in pain score but only after 24 hours. When comparing VAS at each time point be-
tween the two study groups no significant difference was found. P value is significant ≤ 0.05. Mann-Whitney U 
test * Friedman’s test. 

 

 
Figure 1. Side by side bar graph showing gender distribution be-
tween two studied groups, as regard sex, there was no significant 
difference between groups. 

 

 
Figure 2. Side by side bar graph showing diagnosis distribution 
between two studied groups, there was no significant difference 
between groups regarding diagnostic site. 

 
group from nausea and vomiting as 13% of total number of this group but no 
any patient inpropofol group complained from postoperative nausea and vo-
miting, so no significance difference between the two groups, and regarding  
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Figure 3. Side by side bar graph showing ASA distribution 
between two studied groups, regarding ASA, no difference 
between groups significantly. 

 

 
Figure 4. Box-and-whisker plot showing Intraoperative 
fentanyl consumption (mg) distribution between two stu-
died groups, there was a significant difference between groups 
as marked decrease in sevoflurane group. 

 

 
Figure 5. Box-and-whisker plot showing VAS score post-
operative distribution between two studied groups, as we 
found marked decrease in VAS score in both groups. 
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haemodynamic changes, there were no significant changes among both groups 
with no significant difference between them. 

For VAS score with inhalation type, there was a highly significant drop in pain 
score between that assessed after 4 hours and those after 20 and 24 hours.  

For the second group with intravenous type, also there was a highly significant 
drop in pain score but only after 24 hours. When comparing VAS at each time 
point between the two study groups no significant difference was found. 

4. Discussion 

Colorectal cancer (CRC) is the third most common malignant tumor in the 
world and the fourth leading cause of cancer death, with approximately 1.4 mil-
lion new cases and nearly 700,000 deaths in 2012 [13]. There are two main tech-
niques for anesthesia: 1) General anesthesia, where gas or intravenous drugs 
achieve central nervous system depression and 2) local anesthesia, where the 
drug is directly administered to the spinal cord or nerve to locally block the in-
put of afferent and efferent nerve [14]. Epidural anesthesia and analgesia are 
commonly used to manage postoperative pain after abdominal surgery. Afferent 
block induced by epidural anesthesia can reduce neuroendocrine stress during 
and after surgery. Epidural anesthesia can reduce neuroendocrine stress and 
prevent immune suppression caused by surgery and general anesthesia [15]. 

The study was carried out in of South Egypt Cancer Institute hospital. After 
informed consent, a prospective randomized comparative study started by 48 
patients scheduled for open surgical resection of cancer colon, were assigned 
randomly into two groups, twenty-four patients in each group, then evaluated as 
regards their patient characteristics, operative data, pain intensity using VAS 
score from 4 to 24 hours postoperative. Patients were divided into two groups; 
24 patients for each one. Group A received epidural-sevoflurane and Group B 
received epidural-propofol. 

In our study, basic preoperative data were compared between the 2 groups. It 
was found that no significant differences in age, gender, diagnosis, ASA, weight 
and height. We describe the results of operative data, intraoperative fentanyl 
consumption (micg) was higher in Group B than Group A (p < 0.001), in con-
trast, it was found that was no statistically significant difference regarding dura-
tion of surgery (hr.), duration of anesthesia (hr.), and HR per min was lower in 
Group B in comparison to Group A. 

Concerning of intraoperative fentanyl consumption (micg); in Group A it es-
timated mean of (157.71 ± 55.05) mg and in Group B it estimated mean of 
(223.13 ± 48.23) mg. Similar observations were reported by other study Ji et al. 
had reported that the intraoperative fentanyl consumption was also higher for 
the propofol group compared to the sevoflurane group; P = 0.002 [16]. 

As regard heart rate; in Group A it estimated mean of (80.96 ± 15.07) min. 
and in Group B it estimated mean of (74.71 ± 17.26) min. Similar observations 
were reported by other studies [17] [18] [19]. In the present study, a comparison 
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was made between the A and B groups in the treatment of colon cancer. As re-
gards pain relief, there was no statistically improvement in VAS at each time 
point between both groups throughout the follow-up period; follow‑up was 
scheduled on the 4 hours, at 8 hours, at 12 hours, at 16 hours, 20 hours and 24 
hours after the procedure. The VAS score range of patients after operation by 24 
hours showed that propofol had a better analgesic effect (0 - 4) vs (0 - 6). For 
more analysis, our data, the VAS score at different times were compared in the 
same group for A and B groups. As regards pain relief, there was a statistically 
significant improvement in VAS in same group throughout the follow-up period 
(P < 0.001). In Group A we showed that there was a highly significant drop in 
pain score between that assessed after 4 hours and those after 20 and 24 hours. 
Our findings on Group B showed that, there was a highly significant drop in 
pain score but only after 24 hours. A similar pattern of results was obtained in 
[20] [21]. Propofol is preferred over inhalation anesthetics. In addition to its 
anesthetic and anti-emetic effects, anti-nociceptive effects of propofol are well 
known. In a group of healthy volunteers for whom acute pain was induced by 
intracutaneous electrical stimulation, the use of propofol lowered pain scores by 
38% and reduced areas of hyperalgesia and allodynia [22]. Sevoflurane has 
comparable analgesic properties as well. At an optimal concentration of 0.8%, it 
has been recommended for sedation during labor pain. However, inhalation 
anesthetics have been reported to have hyperalgesia effects at a minimum alveo-
lar concentration of 0.1, which may account for increased pain perception. The 
effects of volatile anesthetics may be moderated by the modulation of serotonin 
(5-HT3) receptor-mediated currents and by central adrenergic and cholinergic 
transmission [23]. 

5. Limitation 

This study has several limitations. First, the study considered only those patients 
who underwent radical colonic cancer surgery, and so the findings cannot bege-
neralized to other types of surgeries. Second, due to its relatively small sample 
size, the study may have had potential bias. The study did not have significant 
power to detect differences between the groups over a long term postoperatively, 
including chronicpain. Lastly, although a reduction in postoperative was noted 
for the propofol group as compared to the sevoflurane group, we caution that 
clinical differences may not be as much as statistical differences. 

6. Conclusion 

In this single study, pain after open surgery for cancer colon was significantly 
reduced in all patients anesthetized with combined epidural with either propofol 
or sevoflurane, so we recommend that use of multimodal analgesia decrease 
postoperative pain in all cancer colon patients undergoing open surgery. Also 
use of propofol showed better analgesic outcomes postoperatively. However, due 
to the limitation in the enrollment of participants to this study, more evidence is 
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required to further establish power for our results. 
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