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Ji et al.: Effect of Ketorolac Tromethamine on Colorectal Cancer

To explore the safety and analgesic effect of ketorolac tromethamine on postoperative patients with 
colorectal cancer. The literature search was conducted in the Chinese databases, i.e. Chinese National 
Knowledge Infrastructure, Wan Fang, China biology medicine and Virtual IP, and the abroad databases, 
i.e. PubMed, Web of Science, Embase, Cochrane Library and Joanna Briggs institute for randomized 
controlled trials, controlled clinical trials and case-control studies about the effects of ketorolac 
tromethamine on the patients with colorectal cancer after surgery from January 2010 to November 2020, 
in the languages of Chinese and English. We conducted literature screening and quality evaluation in 
strict accordance with the standards, and extracted effective data such as study type, sample size, age, 
intraoperative anesthesia mode and outcome indicators, which were input into RevMan 5.4 software for 
meta-analysis. A total of 20 literatures, including 13 randomized controlled trials, 6 controlled clinical 
trials and 1 case-control studies, involving 802 patients. Ketorolac tromethamine had significant lower 
visual analogue scores of pains at 6 h, 24 h and 48 h, shorter hospital stays and time to first feeding after 
operation, and lower incidences of ileus, and nausea and vomiting (all p<0.05). Ketorolac tromethamine 
for the colorectal neoplasms patients is better in the analgesic effect at 6 h, 24 h and 48 h after surgery, 
effectively shortens the hospital stay and time to first feeding after operation and reduces the incidences 
of ileus, and nausea and vomiting.
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Colorectal cancer is one of the most common 
malignancies in humans and is also a common 
tumor of the digestive system. The incidence rate 
of malignant tumors ranks 4th in the world, with an 
annual cumulative number of about 1 million and 
annual deaths of nearly 500 000. "2020 Global Cancer 
Statistics" shows that colorectal cancer has become 
the third most common cancer in the world[1]. Data 
show that the mortality rate of colorectal cancer in 
China is increasing year by year, with the number of 
newly diagnosed cases accounting for 24 % and the 
number of deaths accounting for 30 % of the world[2]. 
At present, the main treatment for colorectal cancer is 
surgical resection, but about 70 % of surgical patients 
have strong pain and discomfort after surgery, 
which will increase the occurrence of postoperative 
adverse reactions and slow down the recovery 
process[3,4]. And with the progress of society and the 
development of medical technology level, the trend of 
population aging is increasingly aggravated and the 

operation of elderly patients is gradually increasing. 
Colorectal cancer surgery, in particular, is highly 
traumatic and has a high probability of Postoperative 
Abdominal Pain and Cognitive Dysfunction 
(POCD). Postoperative pain and POCD are common 
complications in elderly patients after anesthesia 
surgery, which seriously affect the prognosis and 
quality of life of patients. Postoperative pain and 
POCD is a major problem facing anesthesiologists 
and surgeons today. In recent years, the incidence of 
postoperative cognitive dysfunction is high, which 
has attracted great attention from both doctors and 
patients. The present study showed that patients' age, 
postoperative pain, cytokine mediated inflammatory 
reaction, the choice of anesthetic and intraoperative 
hypotension, all have an effect on postoperative 
cognitive dysfunction, with the deepening of 
the research and the development of the clinical 
observation of the world, in the face of abdominal 
surgery patients, how to choose appropriate 
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postoperative analgesia method to reduce the 
incidence of postoperative pain and POCD. It is an 
urgent problem to be solved in the field of anesthesia. 
Therefore, the selection of appropriate analgesia can 
allow patients to fully control the pain and avoid 
the occurrence of related complications. At present, 
both intravenous analgesia and epidural analgesia 
are widely used in clinical practice, but the choice 
of postoperative analgesia for colorectal cancer is 
still controversial, and the clinical application is not 
consistent. Ketorolac tromethamine is a novel Non-
Steroidal Anti-Inflammatory Drug (NSAID), which 
belongs to a class of non-opioid analgesics that 
inhibit Cyclooxygenase (COX) activity and reduce 
Prostaglandin (PG) and Thromboxane A2 (TXA2) 
biosynthesis, to achieve anti-inflammatory, analgesic, 
antipyretic effects. Ketorolac tromethamine, which 
has been widely used during anesthesia, has COX-1 
selectivity, is extensively metabolized in the liver, and 
is excreted through the kidney, with an elimination 
half-life of between 4 h and 6 h, which is moderate 
compared to other NSAIDs. Ketorolac tromethamine 
is a non-selective NSAID that can affect the formation 
of COX and thus reduce the production of PG. In 
many studies, its analgesic effect is stronger than that 
of other NSAIDs, such as tramadol and diclofenac. 
Therefore, ketorolac tromethamine has been widely 
used in various types of postoperative analgesia for 
colorectal surgery.

Therefore, this study intends to explore the impact of 
ketorolac tromethamine on postoperative analgesia 
and cognitive function in patients with colorectal 
cancer surgery, so as to provide a better guidance for 
postoperative analgesia in patients with colorectal 
cancer surgery. Meanwhile, good postoperative 
analgesia can also reduce the incidence of POCD in 
patients.

MATERIALS AND METHODS
Inclusion and exclusion criteria for literature:

Inclusion criteria: Subjects ≥18 y old diagnosed with 
colorectal cancer and underwent radical resection of 
colorectal cancer. Research type includes Randomized 
Controlled Trial (RCT), semi-randomized Controlled 
Clinical Trials (CCT) and Case-Control Study (CCS). 
In group I (intervention group), 1 ml of normal saline 
was injected intravenously 30 min before anesthesia, 
then midazolam 0.05 mg/kg, sufentanil 0.5 µg/kg, 
propofol 1.5 mg/kg, cisatracurium benzosulfol 0.2 mg/
kg, sufentanil 0.01 µg/kg was injected intravenously 

30 min before the end of surgery. After the operation, 
the patient-controlled intravenous analgesia pump 
was connected, the background infusion speed was 
2 ml/h, the patient-controlled analgesia dose was 
2 ml, and the locking time was 20 min. In group II 
(control group), 30 mg ketorolac tromethamine was 
injected intravenously 30 min before anesthesia, 
and the other operations were the same as those in 
group I. In outcome indicators analgesic effect, i.e., 
Visual Analogue Score (VAS) at 6 h, 24 h and 48 h 
after operation, incidence of intestinal obstruction, 
incidence of nausea and vomiting, time of first 
feeding and hospital stay; the analysis also includes 
the analysis of these two studies.

Exclusion criteria: Other analgesic methods 
excluding ketorolac tromethamine were intervention 
methods. The data report is incomplete, the full text 
cannot be obtained, or the literature is published 
repeatedly.

Literature search:
Four Chinese databases, Chinese National 
Knowledge Infrastructure (CNKI), Wanfang, China 
Biology Medicine (CBM) and Virtual IP (VIP), were 
searched comprehensively. And PubMed, Web of 
Science, Embase, Cochrane Library, Joanna Briggs 
Institute (JBI) five foreign databases on the analgesic 
effect of intravenous analgesia and epidural analgesia 
in colorectal cancer patients after surgery published 
studies. The literature is published from January 
2010 to November 2020 in Chinese and English. The 
English search terms include colorectal neoplasms, 
colonic neoplasms, rectal neoplasms, ketorolac 
tromethamine and normal saline. Chinese search 
terms are Chinese characters translated from English. 
The search was carried out by combining subject 
terms and free words, and supplemented by tracing 
the references already included in the literature.

Literature screening and data extraction:
Titles and abstracts were read by both researchers 
for initial screening and then the full text was read 
to decide whether to include the literature. For 
questionable or poorly described literature, email can 
be used to contact the original paper author to resolve 
the problem. In case of any disagreement, it shall be 
settled through negotiation or third-party arbitration. 
The extracted data include study type, sample 
size, age, postoperative analgesic drugs, outcome 
indicators, etc. Finally, the results of screening and 
extraction are cross-checked.
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Literature quality evaluation:
JBI's 2016 version of the authenticity assessment 
tool for randomized controlled studies and quasi 
experimental studies, the key assessment skills 
program (CASP), and the 2011 version of the 
authenticity assessment tool for case-control studies 
were used by two researchers to assess the risk of 
bias in the literature. If there is any objection, the 
discussion or third-party arbitration needs to be 
considered and settled. In addition, the evaluation 
results should be cross checked.

The data analysis:
The extracted valid data were input into RevMan 5.4 
software for meta-analysis, and I2 and Cochrane Q test 
were used to test the statistical heterogeneity of the 
data. If I2≤50 %, it is considered that the heterogeneity 
among the included studies is small, and the fixed 
effect model is selected. Otherwise, sensitivity 
analysis, subgroup analysis and other methods were 
used to analyze the sources of heterogeneity. We 
chose Dersimonian Laird (D-L) method, Relative 
Risk (RR) and Weighted Mean Difference (WMD) as 
the impact indicators of qualitative and quantitative 
data in the calculation methods of meta-analysis. At 
the same time, the 95 % Confidence Interval (CI) 
of the effect index is given as p<0.05 indicates a 
statistically significant difference.

RESULTS AND DISCUSSION
After preliminary search, 703 related articles were 

obtained, including 172 English articles and 531 
Chinese articles. 635 articles that did not meet 
predetermined inclusion criteria were excluded by 
reading the title and abstract. Enter the bibliography 
into Note Express 3.2.0, the document management 
software. Of all the results, 21 duplicate papers were 
excluded by us and 20 were eventually included. Fig. 
1 shows the entire document filtering process. Table 
1 shows the details of the documents involved.

Among the included papers, 13 were RCT[5-17], 6 were 
CCT[18-23], and 1 was CCS[24]. There were 813 cases 
of epidural analgesia and 802 cases of intravenous 
analgesia, with a total sample size of 1615 cases. 
In the methodological quality evaluation, 3 papers 
were rated as high[6,8-9], and 17 papers were rated as 
medium. Although all the 13 RCTs were randomly 
grouped[5,7,10-24], only 5 clearly stated that the 
method of computer generating random numbers 
was adopted[7,10-13], and 4 RCTs achieved allocation 
hiding[5,6,8,13].

Four RCTs and two CCTs were combined[6,9,11,16], with 
218 cases in the intervention group and 218 cases in 
the control group[19,20]. I²=5 %, using the fixed effect 
model (WMD 6 h=−3.68, 95 %=−3.81 to −3.55, 
p=0.000). The results showed that the difference was 
statistically significant, and ketorolac tromethamine 
analgesia was better than other analgesia methods at 
6 h after operation as shown in fig. 2.

Fig. 1: Flow diagram of literature screening
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Study Type

Ketorolac tromethamine analgesia Other analgesic methods

n Age/year Intraoperative 
anesthetic

Postoperative 
analgesic drug n Age/year Intraoperative 

anesthetic
Postoperative 
analgesic drug

Sadurni et al.[4] RCT 15 72.2±11.8 GA+INA Fentanyl 15 74.7±13.8 GA+INA Fentanyl

Day et al.[5] RCT 60 51.0±73.0 IA+GA Diprivan, 
alfentanil 60 48.0±77.0 IA+GA Diprivan, 

alfentanil

Wang et al.[6] RCT 50 50.2±5.0 EA+GA Rocuronium 50 50.5±6.0 IA+GA Rocuronium

Hausken et 
al.[7] RCT 77 65.6 NA Ropivacaine 66 67.1 NA Butorphanol 

tartrate

Radovanovic et 
al.[8] RCT 30 64.1±10.0 Light GA Diclofenac 30 65.8±10.0 GA Ketorolac

Wang et al.[9] RCT 40 26.0±85.0 INA Levobupivacaine, 
fentanyl 41 26.0±85.0 INA Morphine, 

fentanyl

Zheng et al.[10] RCT 81 59.1±12.1 EA+GA Lidocaine, 
ropivacaine 81 57.6±12.1 IA+GA Butorphanol 

tartrate

Wu et al.[11] RCT 37 57.5±3.1 EA+GA Bupivacaine 37 56.9±3.2 IA Fentanyl

Chang et al.[12] RCT 24 54.1±2.4 EA+GA Lidocaine, 
ropivacaine 24 54.2±2.4 IA Butorphanol

Wongyingsinn 
et al.[13] RCT 31 61.0±15.0 GA Dezocine, 

ropivacaine 31 58.0±16.0 IA Dezocine, 
fentanyl

Li et al.[14] RCT 46 54.7±7.2 EA+GA Bupivacaine, 
morphine 46 53.9±6.8 IA+GA Morphine

Guo et al.[15] RCT 39 57.6±3.4 EA+GA Sufentanil, 
ropivacaine 39 57.6±3.3 IA+GA Ondansetron, 

Sufentanil

Liu et al.[16] RCT 32 50.3±0.9 INA Lidocaine, 
ropivacaine 32 51.1±0.8 INA Butorphanol

Ye et al.[17] CCT 30 50.2±7.3 EA+GA Lidocaine, 
ropivacaine 30 50.9±7.5 IA+GA Butorphanol 

tartrate

Xu et al.[18] CCT 55 55.1±3.1 EA+GA Lidocaine, 
ropivacaine 55 54.2±2.5 IA+GA Butorphanol 

tartrate

Wang et al.[19] CCT 27 54.7±7.0 EA+GA Bupivacaine, 
rphedrine 27 54.7±6.7 IA Butorphanol 

tartrate

Ren et al.[20] CCT 30 58.6±10.2 EA+GA Bupivacaine, 
ephedrine 31 59.8±9.6 IA+GA Butorphanol 

tartrate

Qi et al.[21] CCT 45 55.1±1.2 IA+GA Lidocaine, 
ropivacaine 45 56.0±1.4 IA+GA Butorphanol 

tartrate

Liu et al.[22] CCT 24 56.5±4.7 NA Ropivacaine 24 55.5±4.6 NA Butorphanol

Zhang et al.[23] CCS 40 67.6±6.2 EA+INA Ropivacaine 38 66.1±7.1 IA+GA Sufentanil

Note: GA: General Anesthesia; INA: Intravenous Anesthesia and EA: Epidural Anesthesia

TABLE 1: THE CHARACTERISTICS OF THE INCLUDED STUDIES IN THE META-ANALYSIS
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%, using fixed effects model (WMD first feeding 
time=−7.36, 95 % CI=−8.51 to −6.20, p=0.000). 
The results showed that the first feeding time 
of postoperative patients could be shortened by 
ketorolac and tromethamine, and the difference was 
statistically significant as shown in fig. 7.

Three RCTs[6,8,10], one CCT and one CCS, were 
combined[22,23] with 225 cases in the intervention 
group and 223 cases in the control group. I²=88 
%, using random effects model (WMD hospital 
stay=−1.83, 95 % CI =−2.93 to −0.74, p=0.001). The 
results showed that the difference was statistically 
significant, and the postoperative hospitalization 
time of patients could also be shortened by ketorolac 
and tromethamine analgesia as shown in fig. 8.

The main post-operative stress factor is pain. 
Therefore, the degree of pain relief can be considered 
as an indicator of postoperative recovery quality. 
Studies have shown that ketorolac tromethamine 
analgesia is a kind of local nerve block anesthesia, 
and its analgesic effect is mainly played by blocking 
or inhibiting the nerve conduction pathway of 
specific segments, and the effect is significant and 
rapid[24]. Although saline alone affects the whole 
body through the blood circulation, the effect is 
slower. The conclusion that tromethamine ketorolac 
tromethamine has the best analgesic effect on the 
second postoperative day was also confirmed by 
Levy et al.[25]. On this basis, ketorolac tromethamine 
can help relieve the pain of patients 6 h after surgery, 
which was also effectively demonstrated in this study.

Ketorolac tromethamine can be administered 
according to the pain of patients, maintaining a 
stable concentration of analgesic drugs in vivo, with 
a short and lasting effect[26]. Ketorolac tromethamine 
analgesia can significantly relieve pain 24-48 h after 
operation, which is reflected in the results of Li et 

Three RCTs and three CCTs were combined[6,9,16], 196 
cases in the intervention group and 207 cases in the 
control group[16,19,20]. I²=80 %, using random effects 
model (WMD 24 h=−1.99, 95 % CI =−2.26 to −1.72, 
p=0.000). The results showed that the difference was 
statistically significant, and the analgesic effect of 
ketorolac tromethamine was better than that of other 
analgesics at 24 h after operation as shown in fig. 3.

Three RCTs and three CCTs were combined[9,12,16], 
with 183 cases in the dry pre-treatment group and 
185 cases in the control group[17,19,20]. I²=39 %, using 
the fixed effect model (WMD 48 h=−1.96, 95 % 
CI =−2.05 to −1.88, p=0.000). The results showed 
that the difference was statistically significant, and 
ketorolac tromethamine had a better analgesic effect 
at 48 h after operation compared with other analgesia 
methods as shown in fig. 4.

Five RCTs were combined[4,5,8,12,13], with 217 cases 
in the intervention group and 217 cases in the 
control group. I2=2 %, using fixed effects model 
(RR ileus=0.33, 95 % CI=0.18-0.63, p=0.001). The 
results showed that the difference was statistically 
significant, and the incidence of postoperative 
intestinal obstruction could be reduced by ketorolac 
tromethamine analgesia as shown in fig. 5.

Seven RCTs and two CCTs were combined[4,6,7,9,13,14,16], 
with 350 cases in the intervention group and 340 
cases in the control group[17,20]. I²=66 %, using random 
effects model (RR nausea and vomiting=0.51, 95 % 
CI=0.28-0.92, p=0.020). The results showed that 
the difference was statistically significant, and the 
incidence of postoperative nausea and vomiting could 
be reduced by ketorolac tromethamine analgesia as 
shown in fig. 6.

Four RCTs[9,11,15,16], four CCTs[17,18-21] and one CCS 
were combined, with 350 cases in the intervention 
group and 348 cases in the control group[23]. I2=19 

Fig. 2: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on VAS scores 6 h after operation in the 
patients with colorectal cancer
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al.[27]. This is basically consistent with the results 
of this study. In addition, the results of this study 
indicate that VAS scores at 24 h after surgery are 
highly heterogeneous. After sensitivity analysis, 
the sources of sensitivity may include low overall 
quality of the included literature, different ages of 
patients, different intraoperative anesthesia methods 
and anesthetic drugs, and VAS as subjective items.

Intestinal obstruction is one of the most common 
postoperative complications of colorectal cancer, 
which is related to gender, age, history of abdominal 
surgery, tumor location, postoperative sympathetic 
allergy and other factors[28]. In addition, the 
mononuclear macrophages in the abdominal cavity 
will be stimulated and release a large number of 
inflammatory factors, resulting in intestinal edema 
and then intestinal obstruction due to the long 
exposure time of the patient's intestinal tube, the 
wide scope of lymphatic vessel dissection and the use 
of electric knife during the operation[29]. Studies have 
shown that ketorolac tromethamine injection of local 
anesthetics can inhibit the conduction of somatic 
nociceptive nerves and abdominal sympathetic 
nerves[30], reduce the tension of sympathetic nervous 

system, reduce stress response, and effectively relieve 
inflammatory factors in the blood. Interleukin-6 
(IL-6), as one of the best indicators of surgical 
stress, can sensitively indicate the degree of tissue 
damage[31]. The release of IL-6 and the expression of 
inflammatory factors in patients can be reduced by 
ketorolac tromethamine analgesia. Compared with 
other methods, ketorolac tromethamine analgesia 
is more beneficial to reduce the incidence of 
postoperative intestinal obstruction.

The relaxation effect of anesthetic drugs on 
gastrointestinal muscles and the excitatory effect of 
hypoxia on the medulla oblongata vomiting center 
during anesthesia can lead to postoperative nausea 
and vomiting in patients[32]. In addition, the release of 
inhibitory motor neurotransmitters can be facilitated 
by the use of other analgesics, thus greatly increasing 
the incidence of postoperative nausea and vomiting. 
Studies have shown that tromethamine ketorolac 
analgesia cannot only promote the recovery of 
gastrointestinal function, but also reduce the use of 
opioids after surgery, so as to reduce the occurrence 
of postoperative nausea and vomiting, and other 
adverse reactions. This is consistent with the results 
of this study[33]. 

Fig. 3: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on VAS scores 24 h after operation in the 
patients with colorectal cancer

Fig. 4: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on VAS scores 48 h after operation in the 
patients with colorectal cancer
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Fig. 5: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on ileus incidence after operation in the 
patients with colorectal cancer

Fig. 6: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on nausea and vomiting incidence after 
operation in the patients with colorectal cancer

Fig. 7: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on time to first feeding after operation 
in the patients with colorectal cancer

Fig. 8: Forest plot of effects of comparison ketorolac tromethamine analgesia with other analgesic methods on hospital stay after operation in the 
patients with colorectal cancer
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subsequent studies, and more objective measures are 
adopted as far as possible, blinding outcome raters to 
reduce bias.

This study showed that the VAS score, the incidence 
of adverse reactions and the length of hospital stay 
of patients with colorectal cancer showed a positive 
effect on postoperative analgesia with ketorolac 
tromethamine. However, other analgesia methods are 
still used in clinical practice for the following reasons; 
the main adverse reaction of ketorolac tromethamine 
analgesia is hypotension, so the dosage of ephedrine 
is significantly more than that of intravenous 
analgesia[22], which will affect its promotion in 
clinical practice. Ketorolac tromethamine analgesia 
requires standardized management by professional 
anesthesiologists. Ordinary nurses may lack relevant 
knowledge and cannot deal with catheter shedding 
or blockage in time. However, other methods of 
analgesia are conducive to nurses' observation. 
Ketorolac tromethamine analgesia is not suitable 
for all patients, and its contraindications include 
intracranial hypertension, intracranial tumors, etc. 
Therefore, the knowledge of ketorolac tromethamine 
analgesia, the selection of appropriate analgesia 
methods and correct nursing interventions, and the 
provision of "comfortable" care for patients with 
colorectal cancer after surgery should be learned by 
medical personnel.
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