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Effects of dexmedetomidine and ketorolac applied for
patient-controlled analgesia on the balance of Th1/Th2 and
level of VEGF in patients undergoing laparoscopic surgery
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Abstract. The aim of the present study was to explore the
effects of dexmedetomidine (DEX) combined with ketorolac on
postoperative patient-controlled analgesia (PCA), the balance
of Th1/Th2 and the level of vascular endothelial growth factor
(VEGF) in patients with cervical cancer following laparoscopic
radical surgery. A total of 70 women with cervical cancer
undergoing laparoscopic radical hysterectomy were enrolled in
the study to randomly receive postoperative dexmedetomidine
combined with ketorolac analgesia (DK group) and postopera-
tive sufentanil analgesia (SUF group). The primary outcomes
were the serum levels of interleukin-4 (IL-4), interferon-y
(IFN-y) and VEGEF, and the IFN-y/IL-4 ratio 30 min before
induction (T,), and 24 and 48 h after surgery. Secondary
outcomes included numerical rating scale scores at 0 h (T,),
4 h (T)), 12 h (T,), 24 h (T;) and 48 h (T,) postoperatively,
cumulative times of rescue analgesia, as well as the inci-
dence of postoperative side effects within 48 h from surgery.
Patients in the DK group reported similar analgesic effects as
patients in the SUF group at T,, T5 and T,, and the incidence
of postoperative nausea and vomiting was significantly lower
in the DK group. In the DK group, the serum concentration of
IFN-y and IFN-vy/IL-4 ratio at 24 and 48 h after surgery were
higher compared with those in the SUF group. Conversely,

Correspondence to: Dr Wenli Yu or Dr Hongyin Du, Department
of Anesthesiology, Tianjin First Central Hospital, 24 Fukang Road,
Nankai, Tianjin 300192, P.R. China

E-mail: yzxyuwenli2003@126.com

E-mail: duhongyin999@yeah.net

“Contributed equally

Key words: dexmedetomidine, ketorolac, cervical cancer, immune,
vascular endothelial growth factor, Th1/Th2

the serum concentrations of IL-4 at 24 h after surgery and
VEGEF at 24 and 48 h after surgery were significantly lower.
The results indicated that the combination of DEX and ketor-
olac for PCA significantly improved postoperative pain and
decreased the serum level of VEGF, which are associated with
tumor angiogenesis. In addition, it maintained the homeostasis
of postoperative immune dysfunction of patients with cervical
cancer by shifting the balance between type 1 T helper cells
and type 2 T helper cell (Th1/Th2 balance) to Thl (registration
no. ChiCTR1900027979; December 7, 2019).

Introduction

Cervical cancer is the fourth most common type of cancer in
women, with an incidence of 570,000 estimated new cases
and 311,000 resultant deaths worldwide in 2018 (1). Currently,
laparoscopic radical hysterectomy with pelvic lymph node
dissection remains a common treatment option for early
cervical cancer. Yet the perioperative period may promote
metastasis and recurrence of malignant tumor cells through
a variety of mechanisms, such as surgery stress, inhibition of
the immune system, modulation of angiogenesis and growth
factors (2,3). In addition, perioperative immune dysfunction
is associated with the occurrence of postoperative complica-
tions, such as infection, delayed wound healing and septic
events (4-6). Therefore, perioperative interventions that
preserve or enhance immune function during the postoperative
period may improve patient outcome. Opioids have long been
used in the treatment of perioperative severe acute pain, but it
has dose-dependent adverse reactions that contribute to poor
patient health outcomes (7). In addition, the opioid-induced
immunosuppression should not be ignored. Opioid abuse
is widespread and poses a serious threat to public health.
Since both pain and opioid analgesics can cause immunosup-
pression (5), it is important to effectively and safely relieve
postoperative pain and avoid immune dysfunction.

As a highly selective a2-adrenoceptor agonist, dexme-
detomidine (DEX) has sedative, anti-anxiety and analgesic
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effects, while reducing opioid use and alleviating immuno-
suppression (8). A meta-analysis showed that perioperative
administration of DEX as an adjunct to general anesthesia
can significantly reduce the levels of inflammatory cytokines,
such as interleukin-6 (IL-6), IL-8 and tumor necrosis factor-o.
(TNF-0) in patients, thus ameliorating the impaired immune
function (9). Ketorolac is a non-steroidal anti-inflammatory
drug (NSAID) with analgesic, anti-inflammatory and
anti-pyretic effects. NSAIDs perform these functions by
blocking prostaglandin synthesis through the inhibition of the
cyclooxygenase (COX) enzyme (10). Ketorolac may reduce
demand of opioid and opioid-related side effects postop-
eratively (11). Furthermore, postoperative ketorolac analgesia
has been shown to contribute to the preservation of natural
killer cell cytotoxicity and have a favorable effect on immune
function (4).

In addition to immune function, tumor recurrence and
metastasis are closely associated with angiogenesis. VEGF
levels are closely associated with tumor angiogenesis, tumor
proliferation and distant metastasis (12). Studies have shown
that opioids may upregulate VEGF and promote angiogen-
esis (13,14). The u-opioid receptor antagonist methylnaltrexone
has been found to block opioid-induced angiogenesis and exert
intracellular effects to inhibit angiogenesis (15).

Although DEX and ketorolac are increasingly common
components of multimodal analgesia (16), their effects on
perioperative immunity and tumor promotion while control-
ling postoperative analgesia are rarely studied. Therefore,
the present study was conducted to determine the influence
of two postoperative analgesic methods on the changes of
postoperative serum VEGF levels, T helper cell 1 (Thl) cyto-
kine interferon-y (IFN-y) and Th2 cytokine IL-4, as well as
to estimate the balance of Th1/Th2 (IFN-y/IL-4 ratio) (17,18).
The potential influence of DEX combined with ketorolac on
tumor recurrence and growth following radical cervical cancer
resection was also studied.

Materials and methods

Participants. The present study was conducted according
to the Declaration of Helsinki and the Guidelines on Good
Clinical Practice (19). Approval for the present study was
provided by the Ethics Committee of Tangshan Maternity
and Child Healthcare Hospital (approval no. 2019-031-01;
Tangshan, China). This trial was registered prior to
participant enrollment at www.chictr.org.cn (registration
no. ChiCTR1900027979). Written informed consent was
obtained from each patient from October 2020 to April 2022.
The inclusion criteria were as follows: i) Female patients
with newly diagnosed cervical cancer; ii) age, 25-65 years;
iii) American Society of Anesthesiologists physical status
I or II; and iv) scheduled to undergo elective laparoscopic
radical hysterectomy with pelvic lymphadenectomy (20). The
exclusion criteria were as follows: i) Body mass index >30;
ii) history of severe viscera system or immune system diseases,
gastrointestinal ulcer or bleeding; iii) history of chemotherapy,
radiation or immunosuppressive therapy; iv) history of chronic
pain or substance abuse; v) leukocytosis (>10,000/ml) or high
level of C-reactive protein; vi) history of allergies to DEX or
NSAIDs.

Randomization and blinding. A total of 70 adult female
patients were enrolled (age, 25-65 years) and randomly allo-
cated to either the sufentanil (SUF) or the DK group using
sequentially-numbered sealed envelopes through a random
number generator. The allocation ratio between the two groups
was 1:1. An assistant not involved in the study prepared and
distributed the envelopes. One anesthesiologist blinded to the
allocation status was responsible for administering anesthesia
and perioperative care. Based on the randomized sequence,
the postoperative patient-controlled analgesia (PCA) pumps
were prepared on the day of surgery by an independent nurse
anesthetist. PCA pumps were sealed and then transferred to
the intraoperative anesthesiologist blinded to their contents.
Similarly, each surgery was performed by the same group
of surgeons. The anesthesia follow-ups were conducted by
another anesthesiologist, who was also blinded to the treat-
ment regimen and not allowed to be involved in data analysis.

Anesthesia and pain management. Upon arrival at the
operating room, each patient was monitored using electrocardi-
ography and blood pressure, pulse oxygen saturation, pressure
of end-tidal carbon dioxide (PzCO,), and bispectral index
(BIS) measurements were taken. Patients were administered
0.5 mg penehyclidine and 1-2 mg midazolam intravenously
(IV) prior to the induction of anesthesia. Anesthesia was
induced with 2-3 mg/kg propofol, 0.3-0.5 ug/kg sufentanil
and 0.2 mg/kg cisatracurium. Propofol and remifentanil
were administered to the patients through a target-controlled
infusion during surgery to maintain hemodynamic stability
intraoperatively. Mechanical ventilation was performed with
8 ml/kg tidal volume, and ventilator frequency was adjusted
to maintain P;;CO, at 35-40 mmHg. According to surgical
requirements, cisatracurium was administered intermittently
to promote muscle relaxation. The depth of anesthesia was
also monitored using a BIS monitor (Aspect Medical System,
Inc.), which was maintained at a value of 40-60. A total of
10 min before the end of surgery, each group was administered
6 ml of the corresponding PCA pump drug. PCA in each group
was initiated at the end of the surgery and maintained for up to
48 h postoperatively.

Both groups of participants were treated with an IV PCA
pump for postoperative pain management. The SUF group
received SUF via IV PCA. The SUF PCA was composed of
1.5 pg/kg SUF mixed with normal saline to a total volume
of 100 ml. The DK group received DEX and ketorolac
through IV PCA, which was composed of 2 yg/kg DEX and
3 mg/kg ketorolac mixed with normal saline to a total volume
of 100 ml. The bolus dose was set to 0.5 ml at a basal infusion
rate of 2 ml/h, with a lockout interval of 15 min. At the end of
the surgery, residual muscle relaxation was antagonized with
1 mg neostigmine and 0.5 mg atropine. Following extubation,
the patient was sent to the post-anesthesia care unit for further
monitoring.

Observation indexes. An 11-point numerical rating scale (NRS;
range, 0-10, O indicating no pain and 10 indicating the worst
pain imaginable) was performed to assess the pain intensity at
rest and while coughing 30 min before induction (T,), 4 h after
surgery (T,), 12 h after surgery (T,), 24 h after surgery (T5) and
48 h after surgery (T,). To ensure the accuracy of the assessment,
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Table I. Clinical characteristics of patients between two groups.
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Variables SUF DK P-value
Average age, years 46.2+9.3 48.0+9.2 0.453
Body mass index, kg/m? 23.8+34 24.0+3.8 0.768
ASA physical status, I/IT 20/12 19/15 0.585
Anesthesia duration, min 253.1+£39.2 244 .3+354 0.342
Operation duration, min 215.7+37.8 210.6+32.3 0.557
Blood loss, ml 215.4+58.0 205.7+57.8 0.499
Infusion volume, ml 1564.2+260.2 1532.8+210.9 0.591
Urine output, ml 301.5+51.8 313.5+56.7 0.371

Values are presented as mean + standard deviation or numbers. ASA, American Society of Anesthesiologists.

the use of the NRS was explained in detail to each patient. The
participants were advised to press the PCA bolus when NRS >3.
The valid PCA pressing times and total consumption of the PCA
pump within 48 h from surgery were recorded. Furthermore,
main postoperative side effects and complications, such as post-
operative nausea and vomiting (PONV), pruritus, respiratory
depression and dizziness were observed.

A total of 5 ml peripheral venous blood sample of each partici-
pant was collected 30 min before induction (T,),24 h after surgery
and 48 h after surgery for detecting cytokine concentration. To
determine cytokine levels, the blood samples were centrifuged
at 2,200 x g for 10 min at 4°C. Next, the supernatant serum was
removed and stored at -20°C for further analysis. Serum concen-
trations of IFN-y (cat. no. DIF50C; Human IFN-y Quantikine
ELISA Kit; R&D Systems, Inc.), IL-4 (cat. no. D4050; Human
IL4 Quantikine ELISA Kit; R&D Systems, Inc.) and VEGF
(cat. no. DVEOO; Human VEGF Quantikine ELISA Kit; R&D
Systems, Inc.) were measured using ELISA. A Spectra Max
190 microplate reader (Molecular Devices) was used to read the
absorbance at 450 nm. To determine the balance of Th1/Th2,
the IFN-v/IL-4 ratio was also calculated. All steps are in accor-
dance with the manufacturer's instructions. All cytokines were
detected within 7 days from serum separation, and the procedure
was repeated at least 3 times.

Statistical analysis. Statistical analysis was performed using
the SPSS statistical software (version 20.0; IBM Corp.).
Data were tested for normality using the Shapiro-Wilk test.
Continuous variables are presented as the mean + standard
deviation or median (interquartile range), and continuous
variables were analyzed using an independent t-test or Mann
Whitney U test, where appropriate. The comparisons of
cytokine concentrations between groups and within groups
were analyzed using a mixed two-way ANOVA followed by
Bonferroni correction. Categorical variables were described as
numbers or frequencies and analyzed by Fisher's exact test or
y* test, where appropriate. P<0.05 was considered to indicate a
statistically significant difference.

Results

Participant enrollment. A total of 86 participants were
initially recruited. However, 11 participants (12.79%)

Table II. Pressing times and incidence of adverse events
between two groups.

Variables SUF DK P-value
Valid pressing, times 43+1.7 49+1.6 0.135
Dizziness 6 4 0.505
Pruritis 4 2 0420
PONV 8 2 0.041*
Hypotension 1 1 1.000
Bradycardia 0 2 0.493

“P<0.05. Values are presented as mean + standard deviation or
numbers. PONV, postoperative nausea and vomiting.

were excluded due to meeting the exclusion criteria and 5
participants (5.81%) declined to participate. Subsequently,
2 participants (3.49%) in the SUF group and 1 participant
(1.16%) in the DK group were lost to follow-up due to refusing
to complete blood drawing at any time-point. Consequently,
available data from 66 participants (76.74%) were included in
the analysis (Fig. 1).

Demographics and surgery details. No significant differences
were observed between the groups regarding the baseline
demographic characteristics of patients. The details of surgery
and anesthesia, in terms of duration, fluid infusion volume,
blood loss and urine output were comparable between the two
groups (Table I).

Postoperative analgesia indexes. Compared with T, the
resting and coughing NRS score of both groups increased
at each time point postoperatively. The postoperative resting
NRS scores at T, in the SUF group were significantly lower
compared with those in the DK group (2.1+0.6 vs. 2.5+0.6;
P=0.009), but the resting NRS score in both groups at different
postoperative time points was <4 (Fig. 2A). There was no
difference in the coughing NRS score between the two groups
at any times point (Fig. 2B). There was no significant differ-
ence in valid PCA pressing times between the two groups
(Table IT).
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Enrollment

Assessed for eligibility (n=86)

Excluded (n=16)

>»] o Not meeting inclusion criteria (n=11)

* Declined to participate (n=5)

Randomized (n=70)

A 4
Allocation
Allocated to SUF group (n=35) Allocated to DK group (n=35)
Received allocated intervention (n=35) Received allocated intervention (n=35)
Did not receive allocated intervention Did not receive allocated intervention
(n=0) (n=0)
Follow-up
Discontinued intervention (n=0) Discontinued intervention (n=0)
Lost to follow-up (n=3) Lost to follow-up (n=1)
Analysis

Analysed (n=32)
Excluded from analysis (n=0)

Analysed (n=34)
Excluded from analysis (n=0)

Figure 1. Flow chart of study inclusion and the progress of patients through the trial. SUF, sufentanil; DK, dexmedetomidine combined with ketorolac.

The incidence of PONV was significantly higher in the
SUF group compared with the DK group. The incidence of
dizziness and pruritus did not differ between the two groups,
and no respiratory depression or gastrointestinal hemorrhage
was observed. Although there was 1 case of hypotension and
2 cases of bradycardia in the DK group and 1 case of hypo-
tension in the SUF group, there was no statistical difference
between the two groups (Table II).

Immunological indexes. Since the pain control effectiveness
of the two different pain management strategies were roughly
similar, the possible influence of varying pain intensity on
postoperative immune function in the two groups could be

excluded. The baseline levels of IFN-y/IL-4 and VEGF at T,
were similar between the two groups. Compared with baseline
levels at T, the serum concentration of IFN-y and the ratio of
IFN-vy/IL-4 were significantly decreased at 24 and 48 h after
surgery in the SUF group, whereas the serum levels of IL-4
and VEGF were significantly increased at all postoperative
time points. Similarly, in the DK group, a lower serum concen-
tration of IFN-vy, a downregulated IFN-y/IL-4 ratio, and
higher serum levels of IL-4 and VEGF were detected at 24 h
after surgery compared with T,,. However, the serum level of
IFN-y and the ratio of IFN-y/IL-4 at 48 h after surgery were
similar to those at baseline in the DK group, and the serum
levels of IL-4 and VEGF were still upregulated at 48 h after
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Figure 2. Comparison of NRS scores between two groups. (A) NRS scores
at rest; (B) NRS scores on coughing. “P<0.05 vs. Ty; “P<0.05 vs. SUF group.
NRS, numerical rating scale; SUF, sufentanil; DK, dexmedetomidine
combined with ketorolac.

surgery (Fig. 3). In the DK group, the serum concentrations of
IFN-vy and the IFN-y/IL-4 ratio at 24 and 48 h after surgery
were higher compared with the SUF group. Conversely, the
serum concentrations of IL-4 at 24 h after surgery and VEGF
at 24 and 48 h after surgery were significantly lower (Fig. 3).

Discussion

The present study revealed that the administration of DEX
combined with ketorolac for PCA following laparoscopic
radical resection of cervical cancer could effectively alleviate
postoperative pain intensity, inhibit the perioperative immu-
nosuppressive state by adjusting the inflammatory factor
levels and inhibiting Th1/Th2 drift and reduce the expression
of VEGF and angiogenesis, which could potentially reduce
tumor recurrence.

Cancer surgery and anesthesia can inhibit cellular immune
function, release catecholamines and prostaglandin E, (PGE,)
and induce the release of a variety of inflammatory cytokines
and tumorigenic factors, including TNF-a, IL-1p, IL-6 and
VEGF (21,22). Surgical trauma and postoperative acute pain
can contribute to the release of inflammatory cytokines,
leading to immune dysfunction (4-6). DEX and non-steroidal
anti-inflammatory drugs can reduce the consumption of
opioids, enhance the analgesic effect, reduce the incidence of
adverse drug reactions and improve clinical safety (8,11). In
particular, ketorolac can be used to control cancer-related pain
and as an analgesic following cancer surgery (23,24). In the
present study, within 48 h from laparoscopic radical resection
of cervical cancer, DEX combined with ketorolac adminis-
tered for controlled analgesia had significant analgesic effects
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with limited adverse reactions, avoiding the related side effects
caused by opioid analgesia.

Secondly, in addition to pain management, maintaining
immune balance is also important for patient recovery and
early discharge following surgery, even for long-term tumor
recurrence. Th cells can be differentiated into Thl or Th2
subtypes. Under normal conditions, Th1 and Th2 cells are in
a relative balance state, which is important for maintaining
immune balance. Cancer has been shown to disrupt the
Th1/Th2 balance, which is called ‘balance shifting’ (18,25).
Since the balance drift from Thl to Th2 cells seems to be
associated with immunosuppression and the progression of
cancer (26), Th1/Th2 balance is critical for cancer patients.
Cytokines secreted by Th-1 and Th-2 are closely associated
with immune response and immune regulation. Th-1 cells
promote cell-mediated immune responses and mainly release
IL-2, IFN-y and TNF-3, which are essential for antineoplastic
and anti-inflammatory processes (27,28). On the other hand, the
pro-inflammatory cytokines secreted by Th-2 cells are mainly
composed of IL-4, IL-5, IL-6 and IL-10, facilitating humoral
immunity but suppressing particular types of cell-mediated
immune responses (29). IFN-y and IL-4 are key cytokines
produced by Thl and Th2 cells, respectively, so Th1/Th2
balance can be estimated by calculating the IFN-y/IL-4
ratio (17,18). The implication of the surgery-induced upregula-
tion of Th2 or downregulation of the Th1/Th2 ratio increases
susceptibility to infection and tumor progression in the patients
with postoperative cellular immunosuppression (30).

The main outcome of the present study was that postop-
erative DEX combined with ketorolac analgesia significantly
alleviated the decrease of the IFN-y/IL-4 ratio in patients
undergoing surgery and anesthesia stress. These results
indicated that postoperative DEX combined with ketorolac
for PCA may shift the Th1/Th2 balance toward Thl, thereby
contributing to immunomodulatory effects. DEX has been
shown to reduce the secretion of pro-inflammatory cyto-
kines, thereby modulating harmful inflammatory responses
due to surgery, which was consistent with another study in
mice with concanavalin A-induced liver injury (31,32). In a
randomized controlled trial, the intraoperative administration
of DEX could shift the Th1/Th2 imbalance toward Thl in a
dose-dependent manner in patients subjected to surgical and
anesthetic stress, exhibiting immunomodulatory effects (33).
This is consistent with another study of intraoperative DEX
in patients with gastric cancer undergoing gastrectomy, which
demonstrated immunomodulatory properties, with a decline in
IL-6 and TNF and increase in the Th1/Th2 ratio observed (8).
Not only as an analgesic, ketorolac has been shown to improve
survival in cancer patients. A retrospective study that included
327 women with breast cancer reported that, compared with
other analgesics (SUF, clonidine and ketamine), the intra-
operative use of ketorolac reduced the risk of breast cancer
relapse (34). Unlike other NSAIDs, ketorolac is a 1:1 racemic
mixture of two different independent pharmacological enan-
tiomers (S- and R-ketorolac) (23). S-ketorolac is considered the
active component in pain management with selective activity
against COX enzymes; while R-ketorolac has an activity as
an inhibitor of Ras-related C3 botulinum toxin substrate and
cell division control protein 42 GTPases, which are recognized
as attractive therapeutic targets in cancer, thereby promoting
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midine combined with ketorolac.

anti-cancer activity (23,35). NSAIDs are well-known immu-
nomodulators. NSAIDs increase mRNA expression and
production of cytokines produced by Thl cells (TNF, IFN-y
and IL-2), but decrease that of IL.-4 and IL-6 produced by Th2
cells both at the mRNA and protein levels (36). This regula-
tion may be partially independent of the inhibition of PGE,
synthesis in T cell clones (36). A recent study has suggested
that the combination of DEX and NSAIDs can reduce postop-
erative IL-2 inhibition, restrain the secretion of serum TNF-a
and IL-6 and improve the levels of B and T lymphocytes (37).

Surgery-induced sympathetic nervous system activation
and anesthetic-associated cell-mediated immunosuppression
may also promote angiogenesis by increasing the release of
cytokines such as VEGF (38). VEGF levels are closely associ-
ated with tumor angiogenesis, tumor proliferation and distant
metastasis (12). Moreover, studies have found that VEGF
concentration is associated with clinical stage, tumor size and
their role in monitoring the disease process (3,39). VEGF has
been found to be overexpressed in cervical cancer cells and
the serum levels of VEGF are often elevated in patients with
cervical cancer (40,41). Kotowicz et al (42) revealed that the
elevated serum VEGF concentration in patients with cervical
cancer may be an important prognostic factor at the early stage
of clinical development. Moreover, the serum VEGF level of
patients with cervical cancer was increased, and decreased
significantly following successful treatment (43). Therefore,
VEGF-mediated angiogenesis has become a new target for
anti-cancer therapy in recent years, and different intervention
methods have been explored to block tumor angiogenesis (44).

As a monoclonal antibody for VEGF, Bevacizumab has
been approved to inhibit tumor angiogenesis and improve
overall survival in patients with certain types of tumors (45).

Mirzaei et al (46) revealed that simvastatin combined with
arsenic trioxide inhibits cell proliferation and has antiangio-
genesis properties, which may be achieved by downregulating
VEGEF expression. In addition, a recent study has demonstrated
that miR-503-5p inhibits tumorigenesis and angiogen-
esis in colon cancer by downregulating the expression of
VEGF-AA @7).

VEGF has been implicated in tumorigenesis and tumor
growth due to its ability to promote angiogenesis, mitotic
activity and vascular permeability-enhancing activity (12,40).
In addition, PGE,, the synthesized product of cyclooxy-
genase-2, can induce tissues to create VEGF, which in turn
leads to a gradual increase in VEGF expression (48). NSAIDs
inhibit the synthesis of PGE, by inhibiting the COX enzyme,
showing antitumor and anti-angiogenic properties (49,50).
Furthermore, Ji et al (48) found that surgeries without any
perioperative drugs for analgesia caused marked increases
in serum PGE, and VEGF in rats, which were inhibited by
NSAIDs. A randomized controlled study suggests that the use
of COX-2 inhibitors for pain management in cancer patients
may decrease the expression of VEGF, thereby reducing the
risk of cancer recurrence and metastasis (22). In lung cancer
surgery, the administration of DEX can induce the proliferation
of monocytic myeloid-derived suppressor cells (MDSCs) which
have the ability to promote angiogenesis (51). Treatment with
DEX also increases monocytic MDSC in mice and promotes
tumor metastasis by increasing VEGF production (51). In the
present study, there was a significantly decreased level of VEGF
in the DK group compared with the SUF group at 24 and 48 h
after surgery, although the VEGF levels were not restored to
the preoperative level at 48 h after surgery. The present study
showed that DEX and ketorolac patient controlled-analgesia
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can effectively inhibit the increase of VEGF serum concentra-
tion induced by cervical cancer surgery.

The present study was not without its limitations. First,
since it was a single-center study with a strictly defined popu-
lation, the results may not apply to other institutions, despite
the high homogeneity of the two groups. Secondly, it may not
be accurate to estimate Th1/Th2 cell balance by detecting
serum cytokine concentrations, since not all IFN-y and IL-4
expression in the sera originates solely from Thl and Th2
cells. Thirdly, the present study was unable to determine the
relationship between changes in cytokine levels and clinical
outcomes, such as short-term effects on wound infection or
length of hospital stay, and long-term effects on cancer metas-
tasis or recurrence. Finally, it cannot be concluded whether
the results were due to the elimination of opioids or the use
of COX inhibitors and DEX, and their contribution to the
results. Therefore, further studies with larger sample sizes and
multiple indicators are warranted to focus on clinical outcomes
in terms of perioperative morbidity and long-term metastatic
development in patients undergoing cancer surgery.

Briefly, the present prospective, randomized study
demonstrated that the combination of DEX and ketorolac
for PCA significantly improved postoperative pain following
laparoscopic radical resection for cervical cancer, decreased
the serum levels of VEGF and enhanced immune function
by shifting the Th1/Th2 balance to Thl. The anesthetics
decreased the serum VEGF concentration, which may be
associated with angiogenesis in cervical cancer. This finding
may offer opportunities for postoperative pain management to
improve cancer patient outcomes.
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