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ABSTRACT

INTRODUCTION  Surgery is the principal treatment option for early colorectal cancer (CRC). Anesthesia
plays a crucial role in any surgery as it allows for a painless procedure. Dexmedetomidine is a local
anesthetic that reduces pain and discomfort during surgery.

AIM The aim of this study was to investigate the efficacy of application of dexmedetomidine combined
with total intravenous anesthesia in laparoscopic CRC surgery, with particular focus on its effects on
patient hemodynamics and inflammatory factors.

MATERIALS AND METHODS  For the purposes of this study, 80 patients undergoing elective laparoscopic
rectal cancer surgery were selected and subsequently divided into 2 groups: the experimental group
(0.5 pg/kg dexmedetomidine infused at a constant speed for 20 minutes, followed by 0.4 pg/kg/h dex-
medetomidine) and the control group (0.5 pg/kg sufentanil infused at a constant speed for 20 minutes,
followed by 0.4 pg/kg/h sufentanil). Each group comprised 40 patients. Hemodynamic parameters were
recorded 1 minute before pumping dexmedetomidine or sufentanil (S0), 1 minute after pneumoperitoneum
position (S1), 1 hour after pneumoperitoneum (S2), and 1 minute after elimination of air from the patient’s
peritoneal cavity and position change (S3).

RESULTS  Systolic blood pressure (SBP) and diastolic blood pressure (DBP) at S1 and S2 in the experi-
mental group were lower than in the control group (P <0.05). Heart rate (HR) and mean arterial pressure
(MAP) at S1, S2, and S3 in the experimental group were lower, as compared with the control group
(P <0.05). The levels of serum inflammatory factors (tumor necrosis factor a [TNF-a], interleukin [IL]-8,
and IL-6) and stress response indicators (plasma epinephrine, norepinephrine, and plasma cortisol) at ST,
S2, and S3 in the experimental group were lower than in the control group (P <0.05). The expressions
of TNF-a, IL-8, and IL-6 in the experimental group negatively correlated with SBP and DBP (P <0.05),
and with MAP and HR (P <0.001).

coNcLusioNs Dexmedetomidine can effectively maintain hemodynamic stability and inhibit inflam-
matory and stress responses in patients undergoing laparoscopic CRC surgery, with its effect being
superior to those of sufentanil.

INTRODUCTION Colorectal cancer (CRC) is one
of the most commonly diagnosed and highly

prevalent malignancies globally. In recent years,
its incidence and mortality rates have shown
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an upward trend, posing a significant pub-
lic health concern.!? According to the data of
the World Health Organization (WHO) and
the International Agency for Research on Can-
cer (IARC), CRC ranks third among global causes
of cancer-related deaths, with varying degrees of
incidence increases observed in both developed
and developing countries.? This trend underscores
the importance of enhancing CRC diagnosis and
treatment standards, as well as optimizing sur-
gical strategies. Laparoscopic surgery has grad-
ually become the primary approach for CRC sur-
gery due to its advantages, such as minimal in-
vasiveness, quick recovery, and reduced rate of
complications.* However, increased intra-abdom-
inal pressure and surgical manipulations during
laparoscopic procedures can significantly impact
the patient’s hemodynamic status. Furthermore,
surgical trauma induces systemic stress respons-
es, leading to elevated levels of inflammatory fac-
tors, such as interleukin 6 (IL-6) and tumor ne-
crosis factor o (TNF-a), which, in turn, may in-
crease the risk of postoperative complications
and prolong recovery time.5-® Therefore, effec-
tive handling of hemodynamic and inflammato-
ry responses during surgery has become a criti-
cal focus in clinical anesthesia and perioperative
management.

Dexmedetomidine is a novel and highly selec-
tive a2-adrenergic receptor agonist that has been
widely utilized in clinical anesthesia and inten-
sive care settings in recent years.%% Apart from
its excellent sedative, analgesic, and anxiolytic
effects, dexmedetomidine significantly attenu-
ates stress and inflammatory responses in pa-
tients. Its unique pharmacologic mechanisms
contribute to maintaining hemodynamic stabil-
ity, reducing the need for anesthetic agents, and
improving postoperative cognitive function.!
Studies have demonstrated its significant ben-
efits in high-risk surgeries, such as cardiac and
neurosurgical procedures, where it has proven
to reduce the rate of intra- and postoperative
complications.'? Su et al'® analyzed the impact
of dexmedetomidine on elderly patients treat-
ed at an intensive care unit following noncardi-
ac surgery. The authors suggested that prophy-
lactic low-dose dexmedetomidine markedly re-
duced the incidence of delirium within the first
postoperative week, with a favorable safety pro-
file. In a randomized, placebo-controlled trial per-
formed across 6 academic hospitals in the Unit-
ed States, Turan et al' found that initiating dex-
medetomidine infusion at anesthesia induction
and continuing it for 24 hours did not reduce
the risk for postoperative atrial fibrillation or
delirium in cardiac surgery patients. The applica-
tion value of dexmedetomidine during the peri-
operative period warrants further evaluation,
particularly in conjunction with total intrave-
nous anesthesia (TIVA), a widely used anesthe-
sia method for laparoscopic surgeries, character-
ized by stable anesthesia depth, rapid recovery,
and minimal adverse effects, as compared with

traditional inhalation anesthesia.'®'? Incorpo-
rating dexmedetomidine into TIVA can optimize
anesthesia management, enhance surgical safe-
ty, and improve patient outcomes thanks to its
unique pharmacologic actions.'® However, cur-
rent research on the effects of dexmedetomidine
combined with TIVA on hemodynamics and in-
flammatory factors in patients undergoing lap-
aroscopic CRC surgery remains limited due to
a lack of comprehensive clinical data support.

Building upon the aforementioned background,
this study aimed to investigate the efficacy of ap-
plication of dexmedetomidine combined with
TIVA in laparoscopic CRC surgery, with particular
focus on its effects on patient hemodynamics and
inflammatory factors. The study employed a ran-
domized controlled design to compare the dex-
medetomidine group with a control group, as-
sessing intraoperative hemodynamic parame-
ters, postoperative inflammatory cytokine lev-
els, and recovery outcomes. It is anticipated that
this study can further validate the safety and ef-
fectiveness of dexmedetomidine in laparoscop-
ic CRC surgery, providing scientific evidence for
clinical anesthesia practice and offering new in-
sights and approaches to perioperative manage-
ment of CRC surgery patients.

AIM  The aim of this study was to evaluate the ef-
fects of dexmedetomidine combined with intra-
venous general anesthesia on hemodynamics and
inflammatory factors in patients undergoing lap-
aroscopic CRC surgery.

MATERIALS AND METHODS Study participants
From September 1, 2019 to February 28, 2023, a
total of 80 patients undergoing elective laparo-
scopic rectal cancer surgery at the Jiangxi Xinyu
Traditional Chinese Medicine Hospital were se-
lected. The sample included 33 men and 47 wom-
en, aged 40 to 72 years. Their body weight ranged
from 47 to 73 kg.

The participants agreed to sign informed con-
sent forms, including the consent of their family
members. The Hospital Ethics Society approved
the study protocol (2019004).

Inclusion criteria were as follows: 1) primary
CRC confirmed by pathology, 2) eligibility for sur-
gical treatment, 3) no concomitant autoimmune
disease, 4) no infection within 1 month before
surgery, and 5) complete clinical data.

Exclusion criteria comprised: 1) a history of
treatment with nonsteroidal anti-inflammatory
drugs, 2) arrhythmia, 3) long-term use of sed-
ative drugs before surgery, 4) abnormal liver
and kidney function, 5) excessive drinking, and
6) obesity.

Anesthesia methods The patients were divid-
ed into 2 groups, each comprising 40 individu-
als. Those assigned to the experimental group
were administered 0.5 pg/kg of dexmedetomi-
dine at a constant speed for 20 minutes, followed
by 0.4 ug/kg/h of dexmedetomidine. The control
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patients were given 0.5 pg/kg of sufentanil for
20 minutes, followed by a continuous infusion
of 0.4 pg/kg/h of sufentanil.

The patients did not receive any preanesthet-
ic medication prior to entering the operating
room, and once there, their peripheral ante-
cubital vein was opened. Before the induction
of anesthesia, the patients were given lactat-
ed Ringer solution (Qingdao Jisskang Biotech-
nology Co., Ltd., Qingdao, China) at a dose of
8 ml/kg body weight. Physiological parameters,
such as cardiac electrical activity, body temper-
ature, blood pressure, and end-tidal carbon di-
oxide were displayed on a multiparameter mon-
itor YH-JHY-800A (Sichuan Keyicheng Technol-
ogy Co., Ltd., Chengdu, China). The FloTrac sen-
sor (Shanghai Zhengxi Medical Device Co., Ltd.,
Shanghai, China) was used to evaluate the pa-
tients’ hemodynamics, and a bispectral index
sensor was employed to monitor the depth of
anesthesia. After 10 minutes, blood samples
were collected to determine baseline indicator
values, and then the patients in the experimen-
tal and control groups were given dexmedeto-
midine and sufentanil, respectively.

The anesthesia in both groups was ad-
ministered via the same intravenous meth-
od. Anesthesia induction drugs included mid-
azolam at 0.04 mg/kg body weight, fentanyl
at 4 pg/kg body weight, Esmeron at 0.6 mg/kg
body weight, and propofol at 1.5 mg/kg body
weight. The anesthesia was maintained dur-
ing surgery with the inhalation of a sevoflu-
rane and remifentanil infusion (at 0.1 pug/kg
per minute) through an intravenous pump. Cis-
atracurium was added as needed to maintain
muscle relaxation. Meanwhile, the concentra-
tion of sevoflurane was adjusted to the bispec-
tral index to keep the bispectral index value be-
tween 50 and 55. After the surgery, patients’ re-
spiratory parameters were regulated to main-
tain the end-tidal carbon dioxide partial pres-
sure (PetCO,) within the range of 35-45 mm Hg
(1 mm Hg = 0.133 kPa). If the bispectral index
value was within the normal range but the in-
traoperative systolic blood pressure (SBP) value
exceeded 160 mm Hg or was 20% above the pre-
operative basal level, 50-100 ug of nitroglycer-
in was administered to manage the hyperten-
sive condition. If SBP fell below 90 mm Hg or
20% below the preoperative basal level, 3-6 mg
of ephedrine was given to manage hypotension.
When heart rate (HR) exceeded 100 bpm, 20 mg
of esmolol was administered. When the air in
the abdominal cavity was eliminated, the patient
was moved from a supine position to a different
one, and the infusion of dexmedetomidine was
stopped. Fentanyl (at 2 ug/kg body weight) was
administered intravenously and an intravenous
pump was connected for analgesia. Other main-
tenance medications were administered until
the end of the procedure. All surgeries were per-
formed by the same surgeon and the same an-
esthesiologist in the same operating room. All

of them were scheduled as the first procedures
in the morning.

Observation indicators Respiratory rate, pulse
oxygen saturation, PetCO,, cardiac output (CO),
and bispectral index were recorded.

Hemodynamic parameters were recorded 1
minute before pumping dexmedetomidine or
sufentanil (S0), 1 minute after pneumoperito-
neum position (S1), 1 hour after pneumoperi-
toneum (S2), and 1 minute after elimination of
air from the patient’s peritoneal cavity and po-
sition change (S3). They included SBP, diastolic
blood pressure (DBP), HR, mean arterial pres-
sure (MAP), CO, and cardiac index (CI).

A sample containing 5 ml of radial arterial
blood was collected from the patients at SO, S1,
S2, and S3 to measure the levels of glucose, plas-
ma epinephrine, norepinephrine, plasma cor-
tisol, and inflammatory factors (TNF-q, IL-8,
IL-6).

The frequency of ephedrine, nitroglycerin, atro-
pine, and esmolol administration during the peri-
operative period was also recorded.

Sample size calculation method The required num-
ber of patients was calculated according to the
equation
(oxZa+oxZB)?

n=2x #
where n was the sample size and ¢ represented
the standard deviation. The bilateral significance
was set at o = 0.05, the assurance degree, at 80%,
and the statistical power, at B = 0.85.

Statistical analysis For data analysis, SPSS 19.0
statistical software was used (IBM Corp., Ar-
monk, New York, United States). Measurement
data were expressed as mean (SD), and count
data were expressed as percentage. The repeated
measures analysis of variance (ANOVA) was ad-
opted for comparisons between the groups, and
the 2-way ANOVA was adopted for comparisons
within a single group. A P value below 0.05 was
considered significant for a 2-sided test.

RESULTS Comparison of general patientdata Asil-
lustrated in FIGURE 1, the mean (SD) age of the pa-
tients in the experimental group was 65 (6) years,
their mean (SD) height was 160 (10) cm, their
mean (SD) weight was 59 (3) kg, the mean (SD)
operation time was 165.45 (13.36) minutes, and
the mean (SD) intraoperative fluid infusion vol-
ume was 1711.03 (122.95) ml. The group com-
prised 17 men and 23 women. The mean (SD) age
of the control participants was 66 (8) years, their
mean (SD) height was 158 (7) cm, their mean (SD)
weight was 61 (6) kg, the mean (SD) operation
time was 170.72 (11.95) minutes, and the mean
(SD) intraoperative fluid infusion volume was
1679.54 (108.34) ml. There were 16 men and 24
women in the control group. There was no signif-
icant difference in age, height, weight, operation
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FIGURE 2 Comparison of hemodynamic parameters; A — systolic blood pressure (SBP); B — diastolic blood pressure (DBP)
a P <0.05 for experimental vs control group

Abbreviations: SO, evaluation performed 1 minute before pumping dexmedetomidine or sufentanil; S1, evaluation
performed 1 minute after pneumoperitoneum position; S2, evaluation performed 1 hour after pneumoperitoneum;

S3, evaluation performed 1 minute after elimination of air from the patient’s peritoneal cavity and position change
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FIGURE 3 Comparison of hemodynamic parameters; A — mean arterial blood pressure (MAP); B — heart rate (HR)
a P <0.05 for experimental vs control group
Abbreviations: see FIGURE 2

time, intraoperative fluid infusion volume, or sex ~ both groups at SO and S3. SBP and DBP in the ex-

distribution between the 2 groups. perimental group were lower than in the control
group at S1 and S2 (P <0.05).
Comparison of hemodynamic parameters As pre- With respect to hemodynamic parameters,

sented in FIGURE 2, SBP and DBP were similar in =~ HR and MAP were similar between the 2 groups
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FIGURE 4 Comparison
of hemodynamic
parameters between the
groups; A — cardiac
output (CO); B — cardiac
index (CI)
Abbreviations: see
FIGURE 2

FIGURE5 Comparison
of serum inflammatory
factor levels; A —tumor
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B — interleukin 8 (IL-8),
C — interleukin 6 (IL-6)
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at SO, whereas they were lower in the experimen-
tal group than in the control group at S1, S2, and
S3 (P <0.05) (Ficure 3). CO and CI did not differ be-
tween the 2 groups at any of the evaluated time
points (FIGURE 4).

Comparison of serum inflammatory factor levels Se-
rum levels of the assessed inflammatory factors
(TNE-q, IL-8, and IL-6) were similar between
both groups at SO, whereas at S1, S2, and S3, they
were lower in the experimental group, as com-
pared with the control group (P <0.05) (FIGURE 5).

Comparison of stress response indicators As shown
in FIGURE 6, glucose and plasma epinephrine levels
in both groups were comparable at SO. There was
no obvious difference in the blood glucose level
at S1, S2, and S3 between the 2 groups. The plas-
ma epinephrine level in the experimental group

was lower than in the control group at S1, S2,
and S3 (P <0.05).

There was no difference in the levels of stress
response indicators, norepinephrine and plas-
ma cortisol, between the 2 groups at SO. Howev-
er, these indices were lower in the experimental
group than in the control group at S1, S2, and S3
(P <0.05) (FIGURE 7).

Correlation analysis of serum inflammatory factors
and hemodynamic parameters in the experimental
group According to the Pearson correlation
analysis, there was a significant negative corre-
lation between serum inflammatory factor levels
(TNF-q, IL-8, and IL-6) and some of the hemo-
dynamic parameters in the experimental group.
Specifically, TNF-q, IL-8, and IL-6 levels were
significantly negatively associated with SBP and
DBP values. Moreover, there were strong negative
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FIGURE 6 Comparison
of stress response
indicator levels; A — blood
glucose; B — plasma
epinephrine

a P <0.05for
experimental vs control
group

Abbreviations: see
FIGURE 2

FIGURE 7 Comparison
of stress response
indicator levels;

A — norepinephring;

B - plasma cortisol

a P <0.05for
experimental vs control
group

Abbreviations: see
FIGURE 2
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correlations (P <0.001) between the levels of these
inflammatory factors and MAP and HR. These
findings suggest a strong association between
elevated levels of inflammatory markers and de-
creased hemodynamic stability in patients un-
dergoing experimental procedures (TABLES 1-3).

DISCUSSION Anesthesia management in rectal
cancer surgery is crucial and typically involves
propofol or etomidate as general anesthesia in-
duction agents, with sevoflurane or desflurane
used to maintain anesthesia depth and hemody-
namic stability. Specifically, dexmedetomidine
plays a significant role in intraoperative pain man-
agement due to its ultrashort-acting profile. This
characteristic allows for rapid adjustment of an-
algesic effects and helps maintain hemodynamic
stability when surgical stimulation is reduced."®-?!
Therefore, we evaluated 80 patients undergoing
elective laparoscopic rectal cancer surgery who
were randomized to receive either dexmedetomi-
dine or sufentanil combined with TIVA. Clinical
data of the 2 groups were compared. There were
similarities in age, height, weight, and sex distri-
bution of patients, as well as in operation time
and intraoperative fluid infusion volume. This re-
sult indicates that at the beginning of the study,
the baseline characteristics of the 2 patient groups
were largely balanced, which is advantageous for
subsequent comparisons of surgical and other
treatment effects on outcomes.
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We found that certain hemodynamic param-
eters (SBP and DBP) were significantly inferior
at S1 and S2 in the experimental group, as com-
pared with the control group, which is in line with
the results obtained by Hu et al.?2 Our findings in-
dicated that dexmedetomidine was more effective
than sufentanil in maintaining stable BP, thereby
preventing SBP and DBP fluctuations. This pro-
vides valuable insights for clinical practice and re-
search, contributing to the optimization of anes-
thesia and analgesic strategies to enhance surgical
safety and postoperative outcomes for patients.

By monitoring HR and MAP, doctors can as-
sess the functional status of the cardiovascular
system, as abnormal HR and MAP may be relat-
ed to cardiovascular diseases, metabolic disor-
ders, drug reactions, or other health problems.?®
In the experimental group, HR and MAP at S1, S2,
and S3 were significantly lower than in the con-
trol group, which shows that dexmedetomidine
could effectively maintain patient hemodynam-
ic stability, and its intervention effect was better
than that of sufentanil.

In addition, serum levels of TNE-q, IL-8, and
IL-6 in the experimental group were significant-
ly lower than in the control group at S1, S2, and
S3. Inflammatory factors refer to a class of mol-
ecules that are produced in the process of inflam-
mation and play an important role in the regu-
lation of the immune system and inflammato-
ry response. Changes in their levels can reflect
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TABLE 1

Correlation between tumor necrosis factor a level and hemodynamic

parameters
Correlation indicator SBP DBP MAP HR
r -0.258 -0.291 —-0.466 -0.484
P value 0.007 0.015 0 0

Abbreviations: see FIGURES 2 and 3

TABLE 2 Correlation between interleukin 8 level and hemodynamic parameters

Correlation indicator ~ SBP DBP MAP HR
r -0.305 -0.177 -0.389 -0.475
P value 0.003 0.016 0 0

Abbreviations: see FIGURES 2 and 3

TABLE 3 Correlation between interleukin 6 level and hemodynamic parameters

Correlation indicator ~ SBP DBP MAP HR
r -0.127 -0.143 -0.504 -0.387
P value 0.018 0.022 0 0

Abbreviations: see FIGURES 2 and 3

the severity of the inflammatory response. In
this respect, we showed that dexmedetomidine
can effectively inhibit patients’ inflammatory re-
sponse and help avoid tissue damage.?* Perioper-
ative stress response in patients can lead to vari-
ous adverse outcomes, including increased risk of
surgical complications, delayed postoperative re-
covery, heightened pain perception, immune sup-
pression, and psychological effects. Timely and ef-
fective management of these stress responses is
crucial for reducing complication risks, promot-
ing postoperative recovery, and improving over-
all surgical success rates.?5 We found that the lev-
els of stress response indicators (plasma epineph-
rine, norepinephrine, and plasma cortisol) were
significantly lower in the experimental group, as
compared with the control group, at S1, S2, and
S3. This finding indicates that dexmedetomidine
could effectively inhibit the stress response of
patients undergoing laparoscopic CRC surgery,
thereby alleviating immunosuppression and im-
proving postoperative recovery. This study further
utilized Pearson correlation analysis and found
that in the experimental group, the expression
levels of TNF-q, IL-8, and IL-6 negatively corre-
lated with hemodynamic parameters, SBP and
DBP (P <0.05), and strongly negatively correlated
with MAP and HR (P <0.001). This suggests that,
as indicators of stress response, TNF-q, IL-8, and
other inflammatory markers may adversely affect
hemodynamic parameters through certain mech-
anisms. These findings highlight the importance
of close monitoring and management of inflam-
matory and stress responses during surgery to
improve clinical outcomes of patients.

CONCLUSIONS We showed that dexmedetomi-
dine could effectively maintain hemodynamic
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stability and inhibit inflammatory and stress
responses in patients undergoing laparoscopic
CRC surgery, and that its effect was superior to
that of sufentanil. However, it should be noted
that the sample size was relatively small. Also,
the number of assessed indicators was limited,
and these indicators could be affected by a vari-
ety of internal and external factors, potentially
leading to bias. Therefore, future studies should
comprise more patients from a wider variety of
sources for more in-depth findings. In conclusion,
the results provided a reference for perioperative
anesthesia in laparoscopic rectal cancer surgery.
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