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Clinical research for dose effects of ketorolac tromethamine on PCIA after hip arthroplasty
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Abstract

To observe effect and safety of different doses of ketorolac tromethamine in patient controlled intravenous analgesia (PCIA)
after hip arthroplasty. 60 hip arthroplasty patients injected with 0.5 mg/kg ketorolac tromethamine before anesthesia were
randomly divided into group A, B and C in which the patients were injected 2, 3 and 4 mg/kg ketorolac tromethamine after
operation respectively. Compared with group A, MAP and HR in group B and group C were lower at T1 (3 h after operation)
and T2 (6 h after operation). In group A, MAP and HR at T3 (24 h after operation) and T4 (48 h after operation) were lower
than at T1. Compared with group A, NRS scores of group B and C were significantly lower during the analgesia. Compared
with group A, ramesay sedation scores in group B and group C were significantly higher at T1 and T2; Harris hip scores of
group B and group C were significantly higher at T3 and T4; the total number of pushing PCA pump and dezocine dosage
were significantly decreased in group B and group C. Preemptive analgesia combined with postoperative analgesia on patients

after hip replacement was appropriate.

Keywords: ketorolac tromethamine; preemptive analgesia; hip replacement; dose effect.

Practical Application: Hip replacement surgery was effective with less adverse reactions in patient after hip arthroplasty, which

was conducive to postoperative rehabilitation of patients.

1 Introduction

Evidence indicates that around 80% of patients experience
postoperative pain and that 75% of patients report pain of
moderate or greater severity (Chou et al., 2016). Server pain
within 24 h after the operation in most patients belonged to
acute pain. Full analgesia after hip arthroplasty is beneficial for
early functional exercise, prevention of deep vein thrombosis and
joint stiffness, prevention of muscle atrophy, and improvement
of overall evaluation of surgical quality (Andersen et al., 2007;
Dalldorfetal., 1994). After operation, trauma and other noxious
stimulation, the release of prostaglandin (PG) and pain mediators
from damaged tissues increases the sensitivity of effector receptors
and decreases the pain threshold, leading to hyperalgesia and
prolongation of duration (Almeida et al., 2008). Postoperative pain
is one of the common complications after surgery. Anesthesia
and analgesia during and after operation can partly inhibit stress
response and reduce the incidence of stress reaction.

Nteroidal anti-inflammatory drugs (NSAIDs) play
important roles in the multimodal analgesic protocol
(Moizo et al., 2004; Ismail et al., 2020; Ozden & Kilig, 2020; Yuwa-
Amornpitak et al., 2020). Ketorolac tromethamine, otherwise
known as ketorolac, is a NSAID and a pyrrolizine carboxylic acid
derivative (Gurunathan et al., 2018). It is currently one of the most
effective non-steroidal anti-inflammatory drugs and widely used
in adult postoperative analgesia (Lee et al., 2010). It not only has a
significant analgesic effect, but also has a lower incidence of adverse
reactions than opioid analgesics (Isiordia-Espinoza et al., 2016).
Ketorolac tromethamine attenuates the transmission of noxious

stimuli to dorsal root ganglion and the response of pain nerves
to endogenous pain-causing substances through inhibiting
cyclooxygenase (COX) activation and reducing prostaglandin
synthesis in peripheral and central systems. These effects can
block peripheral sensitization, and reduce inflammation and
tissue edema caused by surgery and trauma which achieve the
purpose of analgesia and anti-inflammation (Carvalho et al., 2013).
On the other hand, Ketorolac tromethamine can locally inhibit
prostaglandin synthesis by targeting the wound, which further
reduces the sensitivity of peripheral pain receptors to pain and
other stimulation (Burian & Geisslinger, 2005).

In present study, to investigate the dose-effect relationship, the
effects of 0.5 mg/kg ketorolac tromethamine preemptive analgesia
combined with different doses of ketorolac tromethamine post-
operative analgesia on hip replacement patients were evaluated,
which could provide a reference for clinical medication.

2 Materials and methods

2.1 Patients’ information and operation process

The inclusion criteria were: age > 18 years, intact cognitive
function, ASA score < 2, and scheduled for primary unilateral Total
hip arthroplasty. Patients who were scheduled for simultaneous
or staged bilateral total hip arthroplasty or for revision total hip
arthroplasty were excluded. Patients with contraindications
for any of the study drugs, due to allergy, regular opioid use,
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renal insufficiency, a history of cardiac disease, deep vein
thrombosis, or surgery of the hip joint or spine were also
excluded. Sixty patients scheduled to total hip arthroplasty with
an ASA physical status of I and II were selected from October
2015 to October 2016, which consisted of 33 male patients and
27 female patients. The all patient’s age was 48-65 years old and
the all patient’s weight was 48-75 kg. All 60 patients have normal
blood routine and coagulation function and have no heart, lung,
liver and kidney diseases. In addition, the patients with NSAIDS
allergy, asthma and gastrointestinal ulcer were also excluded.
The study was approved by the Ethical Committee of Taishan
Medical University. Informed consent was obtained from all
included patients. Before operation, electrocardiogram (ECG),
mean artery pressure (MAP), heart rate (HR), pulse oxygen
saturation (SpO2) and respiratory rate (RR) were monitored and
0.5 mg/kg ketorolac tromethamine was injected intravenously
before anesthesia.

Patients underwent spinal anesthesia, received 500 mL of
Ringer’s solution before they were positioned upright for the
induction of spinal anesthesia at the level of either L3/4 or L2/3 via
amidline approach. An isobaric solution (3.5 mL) of bupivacaine
0.5% was administered and patients were repositioned supine.
These patients breathed oxygen enriched air throughout surgery.

During the operation, MAP and HR were maintained in
baseline value +20%, which were regarded as stable vital signs.
Meanwhile, the operation time (from the beginning of skin
incision to the end of suture) were recorded. After operation,
MADP, HR, SpO2 were monitored, the anesthesia recovery time
(from the end of suture skin to the recovery of normal sensation
of both legs) was recorded, and oxygen was inhaled continuously
by nasal catheter at the rate of 2 L/min for 24 hours.

Compared with pre-operation, if MAP decreased by 20%,
10-20 pg/kg dopamine was intravenous injected. If HR < 50 bpm,
2-4 ug/kg atropine were intravenous injected. If there were
nausea and vomiting, 3 mg granisetron would be intravenous
injected. If lack of analgesia, 0.05-0.1 mg/kg Dezocine would
be intravenous injected.

2.2 Analgesia protocol

Sixty hip arthroplasty patients were intravenously
injected 0.5 mg/kg ketorolac tromethamine before anesthesia.
Computer-generated variable-sized block randomization plan
was used to assign patients into three groups. All patients were
randomly equally divided into three groups after operation:
group A (injecting 2 mg/kg ketorolac tromethamine), group
B (injecting 3 mg/kg ketorolac tromethamine), group C
(injecting 4 mg/kg ketorolac tromethamine). Each group was
combined with 1.5 pug/kg dexmedetomidine postoperatively.
150 ug dexmedetomidine and 200 mg, 300 mg or 400 mg
ketorolac tromethamine were dilute with normal saline to
100 mL respective for each group. The parameters were set
as 2 mL load dose, 2 mL/h infusion speed and 2 mL/30 min
automatic dose. The patient controlled intravenous analgesia
(PCIA) was used in all groups for 48 hours after operation.
There was no background or loading infusion of morphine.
Other analgesics such as tramadol or pethidine were used

if necessary, and their consumption was added to the total
quantity after conversion to the morphine equivalent dose.

2.3 Monitoring indicators and evaluation criteria

The MAP, HR, SpO2, NRS and Ramsay scores of T1
(3 h after operation), T2 (6 h after operation), T3 (24 h after
operation), T4 (48 h after operation) among three groups were
recorded. The Harris hip score (HHS), a joint specific score that
is completed by both the clinician and the patient and consists
of 10 items covering domains of pain, function, functional
activities, deformity and hip range of motion was evaluated
(Harris, 1969). The hip score (Harris) of TO (pre-operative),
T3, T4 and the total number of PCA pressing, the dosage of
Dezocine and the number of adverse reactions within 48 hours
after operation in all patients were counted.

In evaluation of the NRS analgesia score, 0 point represents
pain, 10 points represent severe pain. For Ramesay sedation
score: 1 point represents agitation, 2 points represent quiet
cooperation, 3 points represent sleepiness, 4 points represent
patient could be wake up in sleep state, 5 points represent patient
are difficult to wake up in deep sleep state, 6 points represent
anesthesia. For Harris hip score, there were 44 points for pain,
47 points for function, 5 points for range of motion and 4 points
for limb deformity. Among the total score, 90-100 point represent
excellent, 80-89 point represent good, 70-79 point represent
medium and 70 point below represent poor.

2.4 Statistical analysis

The differences between groups were evaluated using SPSS
17.0 software. The normality of distribution of continuous
variables was tested by Shapiro-Wilk test. Continuous variables
with normal distribution were presented as mean + standard
error of mean (S.E.M). Means of continuous normally distributed
variables were compared by One-way ANOVA. Adverse reactions
were compared using Chi-square test. Least significant difference
(LSD) was used to compare the mean between groups when the
variance was homogeneous. Tamhane’s T2 was used to test the
variance when the variance was uneven. Statistically significance
was set at P<0.05.

3 Results

There were no significant differences of sex ratio, age,
weight, operation time and anesthesia recovery time between
the three groups (Table 1) (Figure 1). In present study, there was
no abnormal bleeding or analgesia interruptions patient due to
severe adverse reactions.

For MAP and HR, compared with group A, there were
significant differences in both group B and group C at T1 and
T2 time points (P<0.05). In group A, compared with T1, there
were significant differences in MAP and HR at both T3 and
T4 time points (P<0.05). In addition, there was no respiratory
depression in all three groups, and SpO2 was above 96% at all
time points (Table 2).

For NRS analgesia score, the scores of group B and group Cat each
time point were significantly lower than those of group A (P<0.01).
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Table 1. Patients information (gender, age, body weight) comparison among group A, B and C.

Anesthesia Recovery

Group Gender (Male/Femal) Age (year) Body weight (kg) Operation time (minute) time (minute)
Group A 12/8 53.10 £ 3.53 60.17 +£7.88 113.25 + 23.06 48.75 + 18.43
Group B 9/11 55.91 + 4.08 64.53 £ 8.62 109.78 + 19.18 50.26 £ 15.71
Group C 11/9 52.14 £ 3.55 63.19 £6.37 120.32 + 22.14 44.18 £ 17.36

Enrolment
Evaluation for
eligibility (n=60)
Randomisation
(n=60)
Group A Group B Group C
(n=20) (n=20) (n=20)

2 mg/kgketorolac
tromethamine

3 mg/kg ketorolac
tromethamine

4 mg/kg ketorolac
tromethamine

Analysis

Figure 1. Different GROUP patients after hip arthroplasty with different concentrations of ketorolac tromethamine for PCIA.

There was no difference between group B and group C (P>0.05).
In group A, the T4 score was significantly lower than that in group
T1, T2 and T3 (P<0.05). Meanwhile, the T4 scores in group B and
C were lower than those in group T1, T2 and T3 (P<0.05) (Table 3).

For Ramsay sedation score comparison, the scores of group
Band group Cat T1 and T2 were significantly higher than those
of group A (P<0.01). In group A, the scores of T3 and T4 were
significantly higher than thatat T1 and T2 time points (P<0.01).
Meanwhile, in group B and C, the scores of T3 and T4 were
lower than that at T1 and T2 time points (P<0.05). There was
no difference in other groups (P>0.05) (Table 4).

For Harris hip score comparison, there was no significant
difference in pre-operative (T0) scores among the three groups
(P>0.05). Compared with group A, Harris hip scores in group B and
group C were significantly higher than that at T3 and T4 time points
(P<0.01). Compared with TO, the Harris hip scores in T3 and T4
was significantly increased (P<0.01). Similarly, there was significant
difference between T4 and T3 in Harris hip score (P<0.01). There
was no difference between group B and group C (P>0.05) (Table 5).
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For total pressing times and dosage of Dezocine in PCIA
comparisons, the total number of PCIA pressing and the dosage
of Dezocine in group B and C significantly decreased than that
in group A (P<0.01) (Table 6).

For adverse reactions comparisons, 1 patient had perspiration of
unknown cause in group A. There was 1 case with nausea in group
B. Group C has 3 cases of nausea, 1 case of dizziness and 1 case of
unexplained sweating. Compared with group C, there was a significant
difference of the total number of adverse reactions compared with
group A and group B by Chi-square test (P<0.01). There was no
difference between group A and group B (P>0.05) (Table 7).

4 Discussion

Preemptive analgesia refers to taking certain measures before
noxious stimulation acting on the body, which aims to prevent
sensitization of central and peripheral nerves and alleviate
postoperative pain (Kelly et al., 2001). The recent concept of
preventive analgesia is a pharmacological strategy based on the
administration of analgesic treatment before the surgical stimulus
is induced, during and after de stimulus, in order to prevent
postoperative pain (Huang et al., 2018). In present study, for
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Table 2. MAP, HR, SpO2 comparison among group A, B and C.

Group Case T1 T2 T3 T4
Group A 20 98.15 +4.23 95.37 £5.26 8452 +4.16 A 85.95+3.27 A
MAP (mmHg) Group B 20 81.11 +3.18a 80.28 + 4.34a 82.56 + 5.33 83.31 £4.58
Group C 20 80.24 + 3.75a 79.62 + 4.86a 83.17 £ 4.39 82.18 £ 4.24
Group A 20 84.29 £5.13 83.05£5.39 74.64 +5.17 A 7419 + 432 A
HR (bpm) Group B 20 72.32 +4.95a 7391 +3.18a 72.25 +4.29 73.15 £ 5.30
Group C 20 73.54 £ 5.76a 72.35+5.92a 73.26 £5.21 74.85 £ 4.92
Group A 20 98.18 £ 0.39 98.28 +0.84 98.15 £ 0.55 98.26 + 0.51
SpO2 Group B 20 98.27 +0.54 98.13 £ 0.68 98.32 £ 0.58 98.19 £ 0.53
Group C 20 97.91 £0.83 97.37 £ 0.54 98.02 +0.83 97.97 £ 0.66

Note: A was the control group, B and C were the experimental groups. a represent P < 0.01 in different groups; A represent P < 0.05 in intra group comparison. MAP: mean arterial

pressure. HR: heart rate.

Table 3. NRS score comparison in three groups.

Group T1 T2 T3 T4
Group A 3.15£0.64 3.18 £0.66 2.72 £0.37 1.65+0.38 A
Group B 0.73 £0.29a 0.75%0.31a 0.63 £0.25a 0.40 £0.12a A
Group C 0.68 £0.31a 0.72 + 0.42a 0.54 +0.39a 0.31 +0.12a A

Note: A was the control group, B and C were the experimental groups. a represent P < 0.01 in different groups; A represent P < 0.05 in intra group comparison.

Table 4. Ramesay score comparison among group A, B and C.

Group T1 T2 T3 T4
Group A 1.40 £ 0.52 1.42 £ 0.51 1.89 £0.22A 1.88£0.21A
Group B 2.41+0.24a 2.37 £0.30a 210+ 041 A 200+0A
Group C 2.50 +£0.18a 2.43 +0.282 2.09+0.22A 2.00+0A

Note: A was the control group, B and C were the experimental groups. a represent P < 0.01 in different groups; A represent P < 0.05 in intra group comparison.

Table 5. Harris score comparison among group A, B and C.

Group T0 T3 T4
Group A 42.57 +5.12 51.18 £2.30 A 74.83 £3.26 A
Group B 43.28 + 3.46 58.42+2.6laA 81.15+3.52aA

Group C 42.98 + 3.69 59.35+3.0laA 8220+3.72aA

Note: A was the control group, B and C were the experimental groups. a represent P < 0.01
in different groups; A represent P < 0.05 in intra group comparison.

Table 6. Comparisons of total PCIA pressing times and dosage of
dezocine in three groups after operation.

Group Total tim.es of l.)CIA Dosage of dezocine (mg)
compression (times)
Group A 28.26 +£5.18 11.22+1.72
Group B 8.62 +2.76a 3.35+1.85a
Group C 7.15 + 3.24a 3.51£1.27a

Note: A was the control group, B and C were the experimental groups. a represent
P <0.01 in different groups.

Table 7. Statistics and comparison of adverse reactions in three groups.

Group Nausea  Vomit Dizzy Sweat Number
of cases
Group A 0 0 0 1 1c
Group B 1 0 0 0 1c
Group C 3 0 1 1 5

Note: A was the control group, B and C were the experimental groups. C represent
P <0.01 in different groups.

preemptive analgesia, all three groups were given 0.5 mg/kg ketorolac
tromethamine before anesthesia. Furthermore, considered the
side effects of ketorolac tromethamine (Campobasso et al., 2008),
patients with NSAIDS allergy, gastrointestinal ulcer and asthma
were excluded. Preoperative examination showed there were no
heart, lung, liver or kidney diseases and all patients had normal
blood routine and coagulation function. On the one hand, platelet
dysfunction, kidney damage and bleeding after operation may
be caused by ketorolac tromethamine therapy. However, it was
believed that low dose and short-term application of ketorolac
tromethamine would not increase the risk of bleeding after
operation (Vadivelu et al., 2015). In our study, there was no
abnormal bleeding and no analgesia interruptions patients due
to severe adverse reactions.

The NRS analgesic score of group A was significantly
higher than that of group B and group C in T1, T2, T3 and
T4. For Ramesay sedation scores, the score in group A was
significantly lower than those in group B and C at T1 (6 hours
after operation) and T2 (6 hours after operation) time points.
The Harris hip score in group A was significantly lower than
that in group B and C at T3 (24 hours after operation) and T4
(48 hours after operation) time points. Meanwhile, the number
of PCA pressing and the dosage of Dezocine after operation
in group A were higher than those in group B and C at T3
(24 hours after operation) and T4 (48 hours after operation)
time points. These results were related to the inadequate effective
dose of 2 mg/kg ketorolac tromethamine, which resulted in

Food Sci. Technol, Campinas, v42,e70520, 2022
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poor analgesia, inadequate cooperation in quiet state and
affecting hip joint activity.

On the other hand, with the increase of ketorolac tromethamine
dosage, there was no significant difference of analgesia and
sedation scores and PCIA pressing times between group B
and group C, but the incidence of adverse reactions in group
C was significantly higher than that in group A and group
B. These results suggest that 4 mg/kg ketorolac tromethamine
does not enhance the analgesic effect of patients, but increase
the number of adverse reactions. This may be due to the increase
of ketorolac tromethamine dose aggravating the inhibition of
COX-2 in vivo and lead to the occurrence of cardiovascular and
cerebrovascular adverse reactions (Acharya & Dunning, 2010).

There were also some limitations in this study. First, the
sample size is small. Second. this was only preliminary study,
therefore, further study with strict design was needed.

5 Conclusion

In conclusion, for hip replacement surgery, 0.5 mg/kg
ketorolac tromethamine preemptive analgesia combined with
3 mg/kg ketorolac tromethamine post-operative analgesia was
effective with less adverse reactions in patient after hip arthroplasty,
which was conducive to postoperative rehabilitation of patients.
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