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Abstract
BACKGROUND 
Rectal carcinoma (RC) treatment primarily involves laparoscopic surgery, which 
may induce significant hemodynamic changes and weaken immune function. 
Certain anesthetic approaches using opioid drugs (including remifentanil and 
sufentanil) pose risks, such as hypotension.

AIM 
To determine the effects of remifentanil combined with propofol on hemody-
namics and oxidative stress in patients undergoing RC resection.

METHODS 
A total of 211 patients one hundred and four patients with RC treated at the First 
Affiliated Hospital of Dalian Medical University between November 2018 and 
November 2022 were retrospectively analyzed. Among them, the remifentanil 
group included 45 patients receiving remifentanil with propofol anesthesia and 
the sufentanil group included 59 patients receiving sufentanil with propofol 
anesthesia. Changes in the hemodynamic index, oxidative stress index, general 
data, consumption of remifentanil, and use of vasoactive drugs were compared. 
The incidences of adverse reactions were calculated.

RESULTS 
The two groups did not significantly differ in terms of operation, anesthesia, and 
extubation times (P > 0.05). At 1 min after intubation, the sufentanil group 
showed a notably higher heart rate, systolic blood pressure (SBP), diastolic blood 
pressure, and mean arterial pressure (MAP) compared with the remifentanil 
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group (P < 0.05), whereas the sufentanil group showed a notably higher SBP and MAP compared with the 
remifentanil group at 5 min after pneumoperitoneum (P < 0.05). Thirty minutes after surgery, the remifentanil 
group showed significantly lower plasma cortisol, noradrenaline, and glucose levels than the sufentanil group (P < 
0.001). The remifentanil group consumed significantly less remifentanil than the sufentanil group (P < 0.05), and 
the adoption frequency of ephedrine was lower in the remifentanil group than that in the sufentanil group (P < 
0.05). The incidence of hypotension was notably higher in the sufentanil group than that in the remifentanil group (
P < 0.05).

CONCLUSION 
Remifentanil combined with propofol can improve hemodynamics and relieve oxidative stress in patients 
undergoing RC resection.

Key Words: Remifentanil; Propofol; Resection of rectal carcinoma; Hemodynamics; Oxidative stress; Sufentanil

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated the effects of remifentanil combined with propofol on the hemodynamics and oxidative stress 
in patients undergoing rectal carcinoma surgery. These findings indicate that this combination improves hemodynamic 
stability, reduces oxidative stress, and results in a lower incidence of hypotension compared with sufentanil alone. 
Furthermore, the remifentanil-propofol combination requires less remifentanil consumption and reduced use of ephedrine, 
suggesting that it is a more effective and potentially safer anesthetic approach for these surgeries.

Citation: Huang J, Tian WJ. Effects of remifentanil combined with propofol on hemodynamics and oxidative stress in patients 
undergoing resection of rectal carcinoma. World J Gastrointest Surg 2023; 15(12): 2774-2782
URL: https://www.wjgnet.com/1948-9366/full/v15/i12/2774.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i12.2774

INTRODUCTION
Rectal carcinoma (RC) has gradually increased and become the third most frequently diagnosed cancer worldwide owing 
to the influences of eating habits, obesity, and lifestyle[1]. Laparoscopic surgery has become the primary surgical method 
for treating RC[2]. As a traumatic procedure, laparoscopic surgery for RC may trigger hemodynamic changes and 
weaken immune function, affecting the postoperative rehabilitation of patients[3]. With an aging population, the number 
of older patients with RC is increasing annually. A growing number of studies show that RC mostly occurs in middle-
aged and older people (40-60 years old) with declining physical functions; therefore, they have poor tolerance to surgery 
and anesthesia[4,5]. Cancer may cause various complications without proper treatment, further aggravating the patient’s 
hemodynamic and oxidative stress processes and triggering body dysfunction[6]. Therefore, it is crucial to maintain 
stable hemodynamics during surgery because it helps reduce postoperative morbidity and mortality and can improve 
patient prognosis.

Opioid drugs act on the central nervous system, which can reduce sympathetic nerve tension and enhance vagal and 
parasympathetic nerve tension; therefore, they are extensively used in surgical anesthesia to reduce the stress response[7,
8]. Sufentanil is the most potent opioid analgesic, with 5-10 times the analgesic effect of fentanyl and a quick and long-
lasting effect[9]. However, approximately one-third of intraoperative hypotension cases occur after anesthesia induction 
and before incision[10], and the continuous action of sufentanil may lead to hypotension and bradycardia. Remifentanil is 
an opioid with the fastest onset and metabolism; however, its analgesic effect rapidly fades, and high-dose administration 
may trigger hyperalgesia[11]. Therefore, it is probably necessary to administer sufentanil before pneumoperitoneum. 
Currently, sufentanil combined with propofol, a powerful analgesic with a long-acting time is usually used in clinical 
anesthesia induction for laparoscopic surgery of RC[12]. However, sufentanil combined with propofol induces 
hypotension in 36.5% of patients, and intraoperative hypotension is closely associated with acute kidney injury and 30-
day postoperative mortality[13,14].This study determined the effects of remifentanil combined with propofol on hemody-
namics and oxidative stress in patients undergoing RC resection.

MATERIALS AND METHODS
Sample information
A total of 211 patients with RC treated at the First Affiliated Hospital of Dalian Medical University between November 
2018 and November 2022 were retrospectively analyzed. However, 104 patients were included based on the inclusion and 
exclusion criteria. Among them, 45 patients who were anesthetized with remifentanil combined with propofol were 

https://www.wjgnet.com/1948-9366/full/v15/i12/2774.htm
https://dx.doi.org/10.4240/wjgs.v15.i12.2774


Huang J et al. Hemodynamics and oxidative stress

WJGS https://www.wjgnet.com 2776 December 27, 2023 Volume 15 Issue 12

assigned to the remifentanil group, and the remaining 59 patients who were anesthetized with sufentanil combined with 
propofol were assigned to the sufentanil group.

Inclusion and exclusion criteria
Inclusion criteria: patients who met the requirements of RC and were diagnosed with RC according to pathological 
examination; patients in class I–II in terms of American Society of Anesthesiologists (ASA) classification; patients between 
40-70 years old; patients with a body mass index (BMI) of 18-30 kg/m2; and patients with detailed pathological data.

Exclusion criteria: Patients with severe hypertension or cardio-cerebrovascular disease; patients who have undergone 
surgery; patients with severe liver or kidney disease; patients allergic to opioid drugs; and patients with long-term use of 
analgesic drugs, comorbidities with other tumor diseases, coagulation dysfunction, and immune deficiency.

Anesthesia scheme
After the patient entered the room, a venous channel in the upper limb was established, and the patient was monitored 
using an electrocardiogram for blood pressure and oxygen saturation. Parameters, such as blood pressure, stroke volume, 
cardiac output, cardiac index, and stroke index were dynamically monitored using the LiDCO system (LIDCO, England). 
The doses of remifentanil and sufentanil were calculated in advance and diluted in a 20-mL syringe: (1) During anesthesia 
induction, each patient in the remifentanil group was given 1 μg/kg remifentanil (concentration: 5 μg/mL) through 
intravenous administration, and each patient in the sufentanil group was given 0.3 μg/kg sufentanil (concentration: 1.5 
μg/mL) through intravenous administration. The drugs were injected through the pump within 60 min. Subsequently, 
each patient in the two groups was injected with 2 mg/kg propofol through a pump (within 30 s) and then given 0.6 mg/
kg rocuronium after losing consciousness. Tracheal intubation was performed using a video laryngoscope when the 
Tetralogy of Fallot was 0; (2) mechanical ventilation was performed after tracheal intubation, with a tidal volume of 8 
mL/kg and a breathing frequency of 10-14 times/min. The respiratory parameters were adjusted to maintain pressure of 
CO2 at the end of respiration (PETCO2) in the range of 35-45 mmHg according to the partial PETCO2. The oxygen flow rate 
of the inhaled air was adjusted to 2 L/min, and the ratio of O2 to N2O was adjusted to 1:1 (FiO2 = 0.5). The sevoflurane 
was inhaled into the minimum alveolar concentration at 0.8-1.0%; (3) at 3 min before pneumoperitoneum, 0.3 μg/kg 
sufentanil was added to the remifentanil group, and the same amount of normal saline was given to the sufentanil group. 
Both groups received propofol at 50 μg/kg/min and remifentanil at 0.1 μg/kg/min through pumping injection. During 
the surgery, intravenous inhalation combined with anesthesia was used to maintain muscle relaxation, with 0.2 mg/kg 
rocuronium added intermittently. After the operation, the pump dose of remifentanil was adjusted according to blood 
pressure and heart rate (HR), and the pump dose of propofol was adjusted to maintain a Bispectral index between 40 and 
60; (4) ramosetron and ketorolac tromethamine were administered 30 min before the end of the surgery, and local infilt-
ration of ropivacaine was postoperatively administered to the wound. Multimode analgesia methods, such as in-
travenous patient-controlled analgesia pumps, were used. Postoperatively, the patient awoke naturally. When the patient 
had stable spontaneous breathing, the upper limbs were lifted for > 5 s. The endotracheal tube was pulled out when the 
tidal volume was ≥ 5 mL/kg and the SpO2 in 50% inhaled oxygen was > 96%. The time from discontinuation of narcotic 
drugs to extubation after surgery was recorded.

Clinical data and indices
The clinical data and laboratory indices of the patients were analyzed based on pathology records and reexamination. The 
clinical data included sex, age, ASA classification, BMI value, and medical history. General data included operation time, 
anesthesia time, extubation time, consumption of remifentanil, and the frequency and dosage of vasoactive drugs for 
maintenance during surgery. The incidence of anesthesia-related adverse reactions was also recorded. Outcome measures 
included HR, arterial systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), cortisol 
(Cor), norepinephrine (NE), and glucose (Glu).

Outcome measures
Primary outcome measures: The two groups were compared in the changes in hemodynamic indices before anesthesia 
(T0), at 1 min after intubation (T1), before pneumoperitoneum (T2), 5 min after pneumoperitoneum (T3), and after 
surgery (T4). Changes in oxidative stress indices before and 30 min after surgery were compared. Secondary outcome 
measures: The clinical data, general characteristics, consumption of remifentanil and the use of vasoactive drugs, and the 
adverse reactions of the two groups were compared.

Statistical analyses
The Kolmogorov-Smirnov normality of continuous variables was tested using SPSS 26.0. Normally distributed 
measurement data are described as mean ± SD deviation. An independent-sample T-test was used for intergroup 
comparisons. Hemodynamic indices were analyzed using repeated-measures analysis of variance, and the post hoc test 
was performed using the Bonferroni test. Counting data were analyzed using the chi-square test. The number of cases 
was recorded, and the incidence rate was calculated. A P value < 0.05 suggests a significant difference.
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Table 1 Baseline data

Factors Remifentanil group (n = 45) Sufentanil group (n = 59) χ2 value P value

Sex

    Male 26 33

    Female 19 26

0.035 0.850

Age

    < 60 yr old 24 35

    ≥ 60 yr old 21 24

0.373 0.541

BMI

    ≥ 25 kg/m2 20 24

    < 25 kg/m2 25 35

0.148 0.700

ASA classification

    I 21 18

    II 22 39

    III 2 2

3.141 0.208

History of diabetes mellitus

    Yes 17 13

    No 28 46

3.083 0.079

History of hypertension

    Yes 40 47

    No 5 12

1.590 0.207

History of smoking 

    Yes 26 33

    No 19 26

0.035     0.850

ASA: American society of anesthesiologists; BMI: Body mass index.

RESULTS
Comparison of baseline data
There were no significant differences in sex, age, BMI, ASA classification, or medical history based on the comparison of 
baseline data between the two groups (P > 0.05, Table 1).

Comparison of general data
Surgical, anesthesia, and extubation times were not significantly different between the two groups (P > 0.05, Figure 1, 
Table 2).

Comparison of hemodynamic indices
The two groups were not significantly different in the levels of HR, SBP, DBP, and MAP at T0, T2, and T4 (P > 0.05, 
Figure 2); however, the sufentanil group showed significantly higher levels of HR, SBP, DBP, and MAP compared with 
the remifentanil group at T1 (P < 0.05, Figure 2). The sufentanil group showed significantly higher levels of SBP and MAP 
than the remifentanil group at T3 (P < 0.05, Figure 2), although the levels of HR and DBP were not significantly different 
between the two groups (P > 0.05, Figure 2).

Changes in oxidative stress indices
The levels of Cor, NE, and Glu were not significantly different between the two groups (P > 0.05, Figure 3), whereas Cor, 
NE, and Glu significantly increased in both groups 30 minutes after surgery (P < 0.001, Figure 3). In addition, the 
remifentanil group showed significantly lower levels of Cor, NE, and Glu compared with the sufentanil group 30 minutes 
after surgery (P < 0.001, Figure 3).
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Table 2 Comparison of general data

Group Operation time Anesthesia time Extubation time

Remifentanil group (n = 45) 2.76 ± 0.44 3.25 ± 0.89 12.95 ± 3.49

Sufentanil group (n = 59) 2.94 ± 0.49 3.49 ± 0.95 13.71 ± 3.67

t value 1.942 1.312 1.059

P value 0.055 0.192 0.292

Figure 1 Comparison of general data. A: Comparison of operation time between the two groups; B: Comparison of anesthesia time between the two groups; 
C: Comparison of extubation time between the two groups.

The consumption of remifentanil and the use of vasoactive drugs during surgery
This study evaluated the consumption of remifentanil and vasoactive drugs in the two groups. The remifentanil group 
consumed significantly less remifentanil than the sufentanil group (P < 0.05, Table 3), and the frequency of ephedrine use 
was lower in the remifentanil group than in the sufentanil group (P < 0.05, Table 3).

Statistics of adverse reactions
The statistical analysis of the incidence of adverse reactions in the two groups showed no significant differences in the 
incidences of nausea and vomiting, choking cough, hypotension, and bradycardia between the remifentanil and 
sufentanil groups (P > 0.05). However, it is worth noting that the remifentanil group had a significantly lower incidence 
of hypotension compared to that in the sufentanil group (P = 0.002, Table 4).

DISCUSSION
The incidence of RC is high[15]. Over the past few years, RC has shown an increasing incidence and has become one of 
the main human health-endangering diseases with the improvement of living standards and changes in diet structure
[16]. Laparoscopic surgery is the primary method to treat RC, with a high success rate and rapid postoperative recovery 
that can effectively prevent disease progression[17]. However, it is an invasive procedure that may trigger a strong stress 
reaction and hemodynamic changes, ultimately reducing the immune function of patients and increasing the risk of 
postoperative infections. Accordingly, it is of great importance to find a scientific and safe anesthetic method for 
successful surgeries[18]. The choice of an anesthesia method directly affects surgical outcomes.

Propofol is an intravenous drug with many advantages, such as the ability to protect tissues and organs, regulate 
immunity, calm, inhibit platelet aggregation, and relieve pain[19]. It is widely favored owing to its short awakening time, 
strong control, and low harm[20]. However, there are some shortcomings to analgesia with a single drug. A low dose 
makes achieving the ideal analgesic effect difficult, while a high dose increases the risk of adverse reactions, such as 
respiratory depression[21]. Therefore, multimodal analgesia is advocated in clinical practice to achieve optimal anesthetic 
effects. Sufentanil and remifentanil are two kinds of opioid analgesics. Their main function is to bind to the μ opioid 
receptor, which has higher opioid receptor affinity than the traditional opioid analgesic drug, fentanyl; therefore, they 
provide stronger analgesic intensity and longer action time[22]. The autonomic nervous system is stimulated during 
anesthesia induction, laryngoscope implantation, and endotracheal intubation, resulting in a reflex increase in blood 
pressure and HR[23]. In addition, anesthetic drugs can dilate the blood vessels and inhibit the central nervous system, 
and tracheal intubation without surgical stimulation can lead to hypotension[24]. Therefore, the key in general anesthesia 
is to reduce the fluctuation of hemodynamics as much as possible to reduce the sharp increase in blood pressure and HR 
during intubation and pneumoperitoneum and to avoid the obvious decrease in blood pressure and HR before 
pneumoperitoneum after intubation. In this study, the blood pressure (SBP, DBP, and MAP) and HR of the sufentanil 
group were significantly higher than those of the remifentanil group at T1. However, Xue et al[25] revealed that 0.3 µg/kg 
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Table 3 The consumption of remifentanil and the use of vasoactive drugs during surgery

Indices Remifentanil group (n = 45) Sufentanil group (n = 59) χ2/t P value

Consumption of remifentanil (μg/kg/h) 2.68 ± 0.51 3.89 ± 1.10 6.881 < 0.001

Adoption frequency of ephedrine 10 31 9.827 0.002

Adoption frequency of atropine 11 7 2.823 0.092

Table 4 Adverse reactions

Group Nausea and vomiting Choking cough Hypotension Bradycardia

Remifentanil group (n = 45) 3 1 10 8

Sufentanil group (n = 59) 5 2 30 18

χ2 value 0.117 0.124 8.838 2.207

P value 0.731 0.724 0.002 0.137

Figure 2 Changes of hemodynamic indices in patients at different time points. A: Changes of heart rate in patients at different time points; B: 
Changes of systolic blood pressure in patients at different time points; C: Changes of diastolic blood pressure in patients at different time points; D: Changes of Mean 
arterial pressure in patients at different time points. bP < 0.01, cP < 0.001, dP < 0.0001. DBP: Diastolic blood pressure; MAP: Mean arterial pressure; HR: Heart rate; 
SBP: Systolic blood pressure.

sufentanil can completely eliminate the cardiovascular response during intubation; therefore, old age and poor 
cardiovascular reserve capacity in our study may have led to more severe hemodynamic fluctuations. In the remifentanil 
group, sufentanil was administered 3 min before pneumoperitoneum, which played a preemptive analgesic role; 
therefore, the increase in blood pressure and HR at T3 was not obvious. In addition, the consumption of remifentanil in 
the remifentanil group was lower, which may be because sufentanil was given before pneumoperitoneum, which 
inhibited the stress response after pneumoperitoneum more completely and relatively lowered the requirement of 
remifentanil during surgery.
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Figure 3 Changes of oxidative stress indices before and after operation. A: Changes of cortisol in patients before and after operation; B: Changes of 
noradrenaline in patients before and after operation; C: Changes of glucose in patients before and after operation. aP < 0.05, bP < 0.01, dP < 0.0001. Cor: Cortisol; 
NE: Noradrenaline; Glu: Glucose.

Remifentanil combined with propofol can inhibit the secretion of pituitary and adrenal cortical hormones during 
anesthesia and can also reduce surgical trauma-induced stimulation, stress response, and adverse reactions[26,27]. In this 
study, the stress response indices (serum Cor, NE, and Glu levels) of the two groups increased during the surgery, but the 
range of increase in the remifentanil group was relatively small, suggesting that the combined application of propofol and 
sufentanil can significantly reduce the stress response of patients undergoing RC resection. We believe this is because 
remifentanil has an antioxidant effect that can neutralize free radicals and reduce oxidative damage, thus reducing the 
occurrence of oxidative stress[26,28]. In addition, remifentanil can inhibit inflammatory reactions and cytokine 
production, thus weakening the immune and inflammatory reactions in the body and reducing oxidative stress[29]. 
Moreover, the use of ephedrine before the induction of pneumoperitoneum in this study was statistically different 
between the two groups, and both usage methods reduced the occurrence of hypotension after induction, indicating that 
low-dose remifentanil combined with sufentanil could lower the occurrence of hypotension to some extent compared 
with sufentanil induction.

This study verified that remifentanil combined with propofol can improve hemodynamics and relieve oxidative stress 
in patients undergoing RC resection. However, this study had some limitations. First, the medical records of this study 
were selected from patients undergoing abdominal laparoscopic surgery, and patients with severe hypertension or 
cardiovascular or cerebrovascular diseases were excluded; therefore, the conclusions of this study may not apply to 
situations outside the research object. Second, we only analyzed the samples from our center, which led to a small sample 
size. Therefore, we hope to conduct prospective research with more samples to validate the research conclusions.

CONCLUSION
Remifentanil combined with propofol improved hemodynamics and relieved oxidative stress in patients undergoing RC 
resection. Therefore, a combination of the remifentanil and propofol can be a more effective anesthetic strategy for RC 
resection.

ARTICLE HIGHLIGHTS
Research background
Rectal carcinoma (RC) is a major health problem with an increasing incidence. The primary treatment is laparoscopic 
surgery, which can induce significant hemodynamic changes and weaken immune function. Anesthesia often involves 
opioid drugs such as remifentanil and sufentanil that may cause hypotension.

Research motivation
It is necessary to understand the impact of different anesthesia methods on hemodynamics and oxidative stress during 
RC. Investigating the effects of remifentanil combined with propofol may offer insights into the best management of 
patient health during and after surgery.

Research objectives
The primary objective of this study was to determine the effects of remifentanil combined with propofol on hemody-
namics and oxidative stress in patients undergoing RC resection.

Research methods
A retrospective analysis was conducted using the data of 104 patients with RC who were treated at a hospital between 
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November 2018 and November 2022. Patients were divided into two groups based on the type of anesthesia received: 
Remifentanil and sufentanil. Various factors were compared between the two groups, including changes in hemodynamic 
indices, oxidative stress indices, general data, consumption of remifentanil, and use of vasoactive agents.

Research results
The remifentanil group had a notably lower heart rate (HR), systolic blood pressure, diastolic blood pressure, mean 
arterial pressure, plasma cortisol, noradrenaline, and glucose levels during different stages of surgery than the sufentanil 
group. The remifentanil group also consumed less remifentanil and showed lower adoption of ephedrine. Moreover, the 
sufentanil group showed a notably higher incidence of hypotension compared with the remifentanil group.

Research conclusions
The combined use of remifentanil and propofol can improve hemodynamics and relieve oxidative stress for patients 
undergoing RC resection. Specifically, the remifentanil group demonstrated lower HR, blood pressure, and stress 
hormone levels and experienced fewer instances of hypotension than the sufentanil group. In addition, the remifentanil 
group consumed less remifentanil and had a lower frequency of ephedrine use. These findings suggest that a 
combination of remifentanil and propofol may be a feasible and beneficial anesthetic approach for such surgical 
procedures. However, the applicability of these conclusions to patients with severe hypertension or cardiovascular or 
cerebrovascular disease remains unclear and requires further investigation.

Research perspectives
Remifentanil combined with propofol can improve hemodynamics and relieve oxidative stress in patients undergoing RC 
resection. However, the conclusions of this study might not apply to patients with severe hypertension or cardiovascular 
or cerebrovascular diseases owing to the research limitations. Further research with a more diverse patient sample and a 
prospective study design is recommended to verify these findings.
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