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Abstract

Background: Preemptive analgesia is one of the techniques to manage postoperative pain, which
increases patient satisfaction and decreases the duration of hospitalization. The present study aimed
to evaluate and compare the pain relief achieved by preoperative intravenous ketorolac and oral
pregabalin in patients undergoing surgery for mandibular fractures.

Methods: In the present clinical trial, 60 patients with unilateral fractures of the mandible were
randomly assigned to two groups. In group A, intravenous injections of ketorolac 30 mg and in group
B, pregabalin 150 mg capsules were administrated one hour preoperatively. The severity of pain was
determined using a visual analog scale (VAS) up to 24 hours postoperatively. Finally, the total doses of
an opioid analgesic (pethidine) prescribed for each patient in mg during the first 24 hours and the time
for the request of the first analgesic dose in minutes were recorded for each patient. Then, their means
were compared between the two groups.

Results: Maximum pain severity was experienced immediately after surgery, which decreased gradually
during the 24-hour postoperative period (P<0.0001). The mean severity of pain immediately after
regaining consciousness and the mean pain score during the 24-hour postoperative period were lower
in the pregabalin group than in the ketorolac group (P<0.0001). In the ketorolac group, a slightly
higher dose of the opioid was administered; however, the difference was not significant (P>0.05).
Conclusions: The oral administration of pregabalin 150 mg one hour preoperatively was more effective
than the intravenous administration of ketorolac 30 mg in relieving postoperative pain.
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Background Highlights

One of the most common concerns of patients is
postoperative pain because millions of cells are
injured during the surgery, leading to inflammation >
and the release of chemical mediators that cause pain
(1,2). In recent years, the majority of surgeons and
anesthesiologists have become interested in the use of
more effective techniques and analgesics, or preemptive

than in the ketorolac group.

statistically significant.

»  The pain severity immediately after regaining consciousness was
lower in the pregabalin group than in the ketorolac group.
The mean 24-hour pain score was lower in the pregabalin group

»  The dose of the opioid used in the ketorolac group was slightly
higher, and the time for requesting an opioid dose was shorter
compared to the pregabalin group. However, this finding was not

treatment modalities, to decrease postoperative pain (3-

7). Non-steroidal anti-inflammatory drugs (NSAIDs)
s are a group of medications that constitute a part of
preemptive treatments in managing postoperative pain
and are used alone or in combination with opioids (1,8).
Ketorolac is an injectable NSAID with analgesic and anti-
inflammatory properties (9). This medication belongs to
the heterocyclic acetic acid family which induces analgesic
and anti-inflammatory properties. It exerts its effects
through the inhibition of the synthesis of prostaglandins
by inhibiting cyclooxygenase. Similar to many NSAIDs,

ketorolac is a non-selective COX inhibitor (2) which
is used for the short-term management of moderate to
severe postoperative pain. The most extended permissible
duration of the use of ketorolac (in the form of tables) is five
days, with two days for its injectable form (intravenous or
intramuscular injection) (2). Previous studies have shown
that intravenous injection of ketorolac 30 mg before
surgery results in pain relief after impacted third molar
surgeries (10). A study showed that the analgesic effect of
ketorolac after surgery was higher than that of tramadol
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(11). However, the administration of these analgesic
agents is associated with some complications. The use
of NSAIDs is highly limited in patients with asthma,
gastrointestinal problems, peptic ulcers, and coagulatory
problems. Besides, reports are available on the incidence
of hypersensitivity reactions in these patients (2,12-14).

Some studies have questioned the efficacy of the
preoperative administration of ketorolac in pain relief
after surgery. A study showed that the administration
of ketorolac 30 mg before surgery did not relieve pain
after orthopedic surgeries (15). However, some studies
have reported no significant differences between
administrating and not administrating ketorolac in
the doses of narcotics prescribed postoperatively after
impacted third molar surgeries (16). Moreover, no pain
relief was reported after laparoscopic procedures when
ketorolac was administrated preoperatively (17).

Pregabalin is an antiepileptic agent that was introduced
in 2004 and is administrated to decrease epileptic attacks,
resolve anxiety disorders, and relieve pain in patients with
neuropathic disorders. Pregabalin is an analog of gamma-
aminobutyric acid which has higher oral bioavailability
and biocompatibility compared to gabapentin (18). Recent
studies have shown that its preoperative administration
decreases the dose of opioids prescribed and postoperative
nausea and vomiting (3,19). One of the advantages of this
medication is its effect on wound healing and the decrease
of inflammation (20). Some studies have reported the
efficacy of preoperative administration of oral pregabalin
in decreasing postoperative pain after orthognathic
(3), spinal (21), and abdominal surgeries as well as
hysterectomy and myomectomy (22).

In contrast, some studies have reported that its
preoperative administration in knee surgeries (23) and
cosmetic procedures (24) was not effective. In addition to
such discrepancies in the preoperative use of ketorolac and
pregabalin in terms of postoperative pain relief, a search in
scientific sources and databases, such as PubMed, Google
Scholar, and Scopus, showed that no comprehensive study
is available on the administration of injectable ketorolac
and oral pregabalin in patients undergoing surgical
procedures for maxillofacial fractures. Previous studies
have advocated the use of pregabalin in comparison with
the placebo in some surgical procedures. Therefore, the
present study aimed to compare the analgesic effects
of intravenous ketorolac and oral pregabalin in patients
undergoing surgical procedures for mandibular fractures.

Materials and Methods

The present clinical trial was carried out from August
2019 to February 2020 in Imam Reza Educational and
Treatment Center, Tabriz, Iran. A total of 60 patients with
unilateral fractures of the body, angle, and symphysis of
the mandible, who were indicated for open reduction
using the intraoral approach, were selected using the
random sampling technique and included in the study

after signing an informed consent form.

Determining the Sample Size

The results of a study by Ahiskalioglu et al (3) were used to
determine the sample size. To this end, the sample size was
estimated to be 26 for each group, considering a=0.05 and
a power of 80%. The sample size was increased by 10% to
improve the accuracy, and 30 subjects were included in
each group, totaling 60 subjects.

Inclusion Criteria

1. Willingness to be included in the study

2. Patients with a unilateral fracture of the body, angle,
and symphysis of the mandible occurred within the
previous 2 weeks

3. An age range of 20-60 years considering that such
fractures are very common in this age range (25)

4. ASA T (healthy) and ASA II patients (mild systemic
problems without functional limitations (26)

Exclusion Criteria

1. Surgery lasting for >2 hours due to a complicated
procedure

2. Drugabuse

3. Psychopathic patients; all the patients taking

psychotropic medicines were excluded due to their

palliative effects

Allergic reactions to drugs

Systemic conditions that might be exacerbated by

side effects of the drugs

A history of seizures and use of anticonvulsive agents

More than one incision site

Pregnancy and breastfeeding

Use of more than two plates

10. Edentulous patients due to the difference in surgical
procedures such as Circum-mandibular wire

v

o 2N

Description of Study Groups

The patients were randomly assigned to two groups by a
person blinded to the study objectives using the RandList
software. In group 1, a 30-mg dose of intravenous ketorolac
(Caspian Pharmaceutical Co., Iran) was administered one
hour before the induction of general anesthesia. In group 2,
a 15-mg dose of oral Pregabalin (Jalinous Pharmaceutical
Co., Iran) was administered one hour before the induction
of general anesthesia. After surgery, the subjects in both
groups received an intravenous dose of Apotel every 6
hours. After transferring each patient to the recovery
room, and after the patient regained consciousness, the
severity of pain was determined (baseline/hour 0) using
VAS (visual analog scale). A checklist was submitted
to each patient for the determination of the severity of
pain using VAS. The patient was asked to rate their pain
severity on a scale of 0 to 10. The pain scores were then
determined at 2-, 4-, 6-, 8-, 12-, and 24-hour postoperative
intervals (3).
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Evaluation of the Study Outcomes

The postoperative pain relief constituted the primary
outcome in this study. After the patients regained
consciousness, the pain intensity was determined based
on VAS for 48 hours at baseline (hour 0) and 2-, 4-, 6-, 12-,
24-hour postoperative intervals. The patients determined
their pain severity as a number ranging from 0 (without
pain) to 10 (excruciating pain). The mean pain score of
each subject in both groups and at different time intervals
was recorded and compared. After surgery, the physician
prescribed intravenous Apotel 1 g every 6 hours and
intravenous pethidine 25 mg upon patients’ requests
(PRN). Finally, the total opioid dose (pethidine) for each
patient was recorded in mg during the first 24 hours.
Additionally, the time for the first request for analgesics
was recorded in minutes, and the means of the groups
were compared.

Before the study, each nurse was given the necessary
instructions by the researcher on how to fill the checklist.
The study procedures and the pain scoring technique
were explained to the patients. All the patients completed
the study, and none was excluded. The surgeon and
nurses recording the prescribed doses of opioids and
the first request for analgesics were blinded to the study
procedures. All the surgeries were carried out by a team of
maxillofacial surgeons.

Statistical Analysis
The data were analyzed using descriptive statistics

(frequencies, percentages, means, and standard
deviations), independent samples t test, chi-square test,
and repeated measures ANOVA in SPSS 19.0. The normal
distribution of data was evaluated using the Kolmogorov-
Smirnov test. Statistical significance was defined as
P<0.05.

Results
In this study, 60 patients with a mean age of 36.21+9.36
years were evaluated (Table 1, Figure 1).

The results of the chi-square test on the gender of the
subjects and ¢ test for independent groups on the mean age
of subjects showed no significant differences between the
two groups (P>0.05). In other words, gender distribution
and mean age were similar in the two groups.

Table 2 and Figure 2 present the mean scores of
the pain severity in the study groups at different time
intervals. As shown by the data, the pain severity was
similar between the two groups preoperatively. After
surgery, the pain was most severe immediately after the
patients regained consciousness; however, it decreased
gradually in two hours and increased in severity up to
6 hours postoperatively, reaching the maximum pain
intensity. Then, the pain severity decreased up to 24 hours
postoperatively. Repeated measures of ANOVA showed
that these variations in pain severity were statistically
significant (P<0.0001). T-test for independent groups
was used for two-by-two comparisons of the different
time intervals in terms of the pain severity, with the results

Enrollment
’ A d for eligibility (n=102)

Excluded (n=42)
+ Not meeting inclusion criteria (n=39)

+ Declined to participate (n=3)

Randomized (n=64)

Allocation

Allocated to intervention (Intravenous) (n=30)
+ Received allocated intervention (n=30)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=30)
+ Excluded from the analysis (n=0)

Follow-up

Analysis

Allocated to intervention (Intravenous) (n=30)
+ Received allocated intervention (n=30)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=30)
+ Excluded from the analysis (n=0)

Figure 1. The CONSORT Flow Diagram of Study.
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presented in Table 2.

Student’s t test for independent groups was used to
evaluate the effect of medication type on the mean pain
severity at each time interval of the study. This test showed
that the mean pain severity in the pregabalin group
immediately after regaining consciousness was lower
compared to the ketorolac group (P<0.0001). At other
time intervals, the pain severity was similar in the two

groups. The mean 24-hour pain score was lower in the
pregabalin group than in the ketorolac group (P<0.05).
Table 3 presents the doses of the opioid prescribed during
the 24-hour period after surgery and the time of the first
request for an opioid separately in each group. The results
showed that the dose of the opioid used in the ketorolac
group was slightly higher, and the time for requesting
an opioid dose was shorter compared to the pregabalin

Table 1. The Mean Age of the Subjects and the Frequencies (Percentages) of the Participants in Terms of Gender and Fracture Type

Group 1 (Ketorolac) Group 2 (Pregabalin) Total P Value
Female 16 (53.3%) 17 (56.7%) 33 (55%)
Gender 0.795
Male 14 (46.7%) 13 (43.3%) 27 (45%)
Mean = SD of age 35.23+8.82 37.249.92 36.21+£9.36 0.421
Table 2. The Means and Standard Deviations of Pain Severity Scores at Different Time Intervals of the Study
95% Confidence Interval for Mean
Intervals Study Groups Mean SD Min Max P Value
Lower Bound Upper Bound

Ketorolac 1.6000 0.67466 0.12318 1.3481 1.8519 1.00

2 hours before surgery Pregabalin 1.6333 0.61495 0.11227 1.4037 1.8630 1.00 0.842
Total 1.6167 0.64022 0.08265 1.4513 1.7821 1.00
Ketorolac 3.9667 0.85029 3.6492 4.2842 3.00 5.00

L”;:i?;iﬂé;ﬁer regaining Pregabalin 3.1000 0.88474 2.7696 3.4304 2.00 500  0.000
Total 3.5333 0.96492 3.2841 3.7826 2.00 5.00
Ketorolac 2.1333 0.97320 1.7699 2.4967 1.00 4.00

2 hours later Pregabalin 1.9333 0.90719 1.5946 22721 0.00 4.00 0.414
Total 2.0333 0.93820 1.7910 2.2757 0.00 4.00
Ketorolac 3.3667 0.96431 3.0066 3.7267 2.00 5.00

4 hours later Pregabalin 3.2667 1.01483 2.8877 3.6456 1.00 5.00 0.697
Total 3.3167 0.98276 3.0628 3.5705 1.00 5.00
Ketorolac 3.9333 0.86834 3.6091 4.2576 1.00 5.00

6 hours later Pregabalin 3.7333 1.22990 3.2741 4.1926 1.00 6.00 0.470
Total 3.8333 1.06033 3.5594 4.1072 1.00 6.00
Ketorolac 0.1667 0.37905 0.0251 0.3082 0.00 1.00

12 hours later Pregabalin 0.2333 0.43018 0.0727 0.3940 0.00 1.00 0.527
Total 0.2000 0.40338 0.0958 0.3042 0.00 1.00
Ketorolac 0.1333 0.34575 0.0042 0.2624 0.00 1.00

24 hours later Pregabalin 0.1000 0.30513 0.0139 0.2139 0.00 1.00 0.694
Total 0.1167 0.32373 0.0330 0.2003 0.00 1.00
Ketorolac 2.2833 0.36919 2.1455 2.4212 1.50 3.17

Total 24-hour score Pregabalin 2.0611 0.42769 1.9014 2.2208 1.17 3.00 0.035
Total 2.1722 0.41166 2.0659 2.2786 1.17 3.17

*Independent samples ¢ test

Table 3. The Mean Doses of the Opioid Agent Used (in mg) and the Time for Requesting the First Dose of the Opioid Agent (in Minutes) in the Study Groups

Group Min Max Mean + SD P value
The mean doses of the opioid Ketorolac 0 50 34.16x13.9 L5
prescribed Pregabalin 0 50 28.33+17.06
The time of request for the first Ketorolac 30 75 45.5112.34= 0338
dose of the opioid Pregabalin 30 75 48.6010.85=
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Figure 2. The Linear Graph of Pain Severity in the Study Groups.

group. However, the independent samples -test showed
that this finding was not statistically significant (P> 0.05).

Discussion

Pain is an unpleasant feeling due to tissue destruction.
One of the major concerns in patients is the postoperative
pain because millions of cells are destroyed during surgery,
inducing pain due to the inflammatory process and the
release of chemical mediators of pain perception (1,2). The
analgesic efficacy after surgery gives rise to an increase in
patient satisfaction, a decrease in hospitalization duration,
and a decrease in patient costs (3,27).

Preemptive analgesia is one of the techniques to manage
pain after surgery, in which the administration of analgesic
agents is undertaken before an encounter with the pain
stimulus. Clonidine, ketorolac, ibuprofen, gabapentin,
and pregabalin are systemic medications used in this
technique (3). The results of the present study showed that
the highest mean scores of the pain severity of the patients
were reported immediately after regaining consciousness.
However, the pain was less severe in the pregabalin group
than in the ketorolac group, indicating that pregabalin
was more effective in relieving postoperative pain than
ketorolac. Two hours after regaining consciousness, the
severity of pain decreased in both groups. To justify this,
we should consider that approximately 45 minutes after
regaining consciousness in both groups, the patients
requested an analgesic agent. Then, pethidine 25 mg was
administered intravenously to each patient. Although
the mean dose of the analgesic agent prescribed in the
pregabalin group was lower compared to the ketorolac
group, the difference was not significant. Four and six
hours after regaining consciousness and after the analgesic
effect of the injected pethidine wore off, the pain increased
in severity, reaching the maximum pain intensity 6 hours
after regaining consciousness. Over time and after the
intravenous injection of 1-g Apotel (analgesic agent) every
6 hours, the severity of pain decreased 12 and 24 hours
after regaining consciousness, reaching the minimum
pain intensity. Finally, the 24-hour mean pain score in
the pregabalin group was lower than that in the ketorolac

group.

Ahishkalioglu et al (3) assigned 40 patients who were
candidates for bimaxillary orthognathic surgery to
two equal groups. In group 1, pregabalin 150 mg was
prescribed one hour before the bimaxillary orthognathic
surgery, and in group 2, a placebo was administered. The
results showed that the preoperative administration of
pregabalin decreased preoperative pain and the need for
opioid analgesics after surgery compared to the placebo,
which is consistent with the results of the present study.
However, in the present study, the patients in the other
group received intravenous ketorolac instead of a placebo.

Sagit et al (28) assigned 143 patients who were
candidates for septoplasty procedure to three groups. In
group 1, pregabalin 75 mg and in group 2, pregabalin
150 mg were administered one hour before the surgical
procedure orally. The results showed that preoperative
administration of pregabalin decreased postoperative
pain severity and the need for the prescription of analgesic
agents compared to the control group (the third group).
Besides, the mean 24-hour pain scores in groups 1 and
2 were lower compared to the control group, which is
consistent with the present study.

Cillo and Dattilo (29) assigned 12 patients who were
candidates for maxillomandibular advancement to treat
sleep apnea to two groups. In group 1, pregabalin 150
mg was prescribed in combination with celecoxib 400
mg, and in group 2, a placebo was administered one
hour preoperatively. The results showed that the severity
of pain and the need for the use of opioid analgesics
postoperatively were lower in the case group than in the
control group. Although the sample size in that study was
small and celecoxib was administered in combination
with pregabalin, the results were consistent with the
present study.

In spinal surgeries (21), abdominal hysterectomy,
and myomectomy (22), preoperative administration
of pregabalin has also been reported to be effective in
decreasing postoperative pain.

Previous studies have shown that oral pregabalin
is adsorbed rapidly, reaching its maximum plasma
concentration in 80 minutes. Its bioavailability is
approximately 90%, and its 150-mg dose has been
recommended (3,30). In addition to analgesic effects,
preoperative administration of pregabalin decreases the
use of opioids, nausea, and vomiting postoperatively
(3,19). Furthermore, it helps the wound healing process
and decreases inflammation (20). On the other hand, the
use of NSAIDs, such as ketorolac, in patients with asthma,
gastrointestinal problems, peptic ulcers, and coagulatory
problems is strictly limited. In addition, reports are
available on the incidence of hypersensitivity reactions
after using NSAIDs (2,12-14). Therefore, considering: (1)
the advantages of pregabalin and the results of the present
study, (2) the disadvantages of ketorolac, and (3) similarity
of the half-life of pregabalin (5-6.5 hours) (31) and
ketorolac (4-6 hours) (32), it appears that the preoperative
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administration of pregabalin is more useful than ketorolac
to decrease postoperative pain. However, in some studies,
the preemptive use of pregabalin did not significantly
decrease patients’ postoperative pain after knee (23)
and cosmetic surgeries (24). Therefore, further studies
are necessary to substantiate these findings, considering
limitations of the present study.

Limitations and Suggestions

There was no control group in the present study.
Therefore, an accurate and valid comparison was a real
challenge, especially in terms of the amount of the opioid
analgesics prescribed and the duration of the pain relief
induced separately for each analgesic agent. Although
one maxillofacial surgeon carried out all the surgeries, it
was not possible to provide similar conditions for all the
patients, including the duration of surgery, the trauma
inflicted on the surgical site during surgery, the type of
fracture, and the psychological conditions of the patients,
which might have affected the results of the study. On
the other hand, blinding was not possible for patients
because some received capsules, and some received
injections. Another limitation of the present study was the
small sample size. It is suggested that larger sample sizes
should be evaluated. The administration of pregabalin
and ketorolac at different doses compared to the placebo
might lead to more valid results. Besides, in the present
study, only the intravenous form of ketorolac was used,
whereas some studies have reported that its intramuscular
administration is more effective.

Conclusions

The oral administration of pregabalin 150 mg, one hour
preoperatively, was more effective than the intravenous
administration of ketorolac 30 mg in relieving
postoperative pain.
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