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Adjunctive use of Ketorolac for Postoperative Pain Management in Elective Cardiac
Surgery Patients: A Randomized Control Trial
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ABSTRACT

Objective: To compare between the efficacy of Ketorolac and Paracetamol in the management of post-operative pain following
elective cardiac surgery.

Study Design: Randomized (single-blind) Control Trial (RCT NCT05361824.)

Place and Duration of Study: This study was conducted in the Surgical Intensive Care Unit (SICU) at the National Institute of
Cardiovascular Diseases Hospital, Karachi Pakistan, From 1st Jan to 30th Jun 2021.

Methodology: Randomization of 60 patients undergoing elective cardiac surgery into either Paracetamol (30 control patients)
or Ketorolac (30 treatment patients) was done. In addition, to a low dose, short duration background infusion of Nalbuphine,
the control group was administered injection Paracetamol 1gm every six-hours. Whereas the treatment group was adminis-
tered injection Ketorolac 30mg every eight-hours. Assessment of pain was done at 6, 12, 18 and 24 hours post-extubation,
using a Visual analog scale (VAS). For the purpose of this study, a score of 4 or less was taken as a cut-off for adequate
pain control.

Results: VAS score was significantly lower in Ketorolac group as compared to the Paracetamol group at all four-time points
with an average rating of 3.2+1.9 vs. 5.3+1.7; p<0.001, 3.5£1.5 vs. 5+1.7; p<0.001, 3.3+1 vs. 5.0+1.4; p<0.001, and 3.0+1.4 vs.
4.3+1.6; p<0.001 at 6, 12, 18, and 24 hours respectively. The total dose of Nalbuphine administered (infusion + bolus doses)
over 48 hours post-operatively was 15.3£5.2 vs 25.7+6.8 ml; p<0.001 in the Ketorolac and Paracetamol groups, respectively.
Conclusion: The use of Ketorolac in conjunction with Nalbuphine gives better control over post-operative pain in elective
cardiac surgeries than Paracetamol and Nalbuphine.
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INTRODUCTION

Postoperative pain is a particularly prevalent type
of acute pain. Although a common and temporary
occurrence, it is frequently ignored, resulting in
postoperative complications and an extended hospital
stay. Due to the complexity and multifactorial nature
of its etiology,! it can effectively be controlled using a
combination of multimodal and multidrug therapy. By
using a cocktail of analgesics with a variety of mecha-
nisms of action to minimize drugrelated side effects.
Additionally, reducing postoperative opioid use by
adding non-opioid drugs has the advantage of redu-
cing opioid-induced sedation and pulmonary comp-
lications. Thereby, ensuring stable respiratory status
following surgery, allowing for early extubations.

To avoid hemodynamic disruptions due to un-
warranted patient discomfort and to reduce morbidity,
postoperative hospital stay, and overall costs, it is
crucial to achieve optimal pain relief following any
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cardiac surgery.2 Moreso if not addressed timely it can
lead to an even more distressing outcome persistent
postoperative pain after cardiac surgery.3

Opioids have long been the mainstay of post-
operative pain in cardiac patients; however, their use is
now declining in this era of fast recovery after sur-
gery.* Ketorolac, a non-steroidal anti-inflammatory
drug (NSAID) once used in conjunction with routine
postoperative opioids for the short-term management
of moderate to severe pain after cardiac surgery, fell
out of favor after a boxed warning of increased risk of
cardiovascular events in 2005 for 'all' NSAIDs in post-
CABG patients. This was based on two studies done on
the cyclooxygenase-2 (COX-2) selective inhibitors
(Parecoxib and Valdecoxib, no longer on the market)
that evaluated the significantly increased risk of comp-
lications (including myocardial infarction, stroke, car-
diac arrest and pulmonary embolism) after CABG.5¢
Hence, despite its previous safe use in coronary artery
disease patients’?, the overall use of Ketorolac in
cardiac surgery for post-operative pain management
has declined or remains being used off-label.
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The theory behind this can be explained by the
fact that COX-2 derived Prostacyclin, is a continuously
released hormone, by the lungs into the blood circula-
tion, which inhibits platelet aggregation by increasing
cyclic AMP levels, thus maintaining normal blood
fluidity. Whereas COX-1 derived Thromboxane A2 is a
short-lived, intermediary produced by platelets from
the phospholipid membrane (arachidonic acid) upon
platelet activation (after injury). Its main role is in the
amplification of platelet activation and recruitment of
additional platelets to the site of injury (leading to clot
formation).

By selectively inhibiting ‘only” COX-2, Parecoxib
and Valdecoxib blocks the production of prostacyclin
but have no effect on the production of thromboxane
A2 produced via COX-1. Hence, this leads to uninhi-
bited thromboxane production which results in platelet
aggregation, causing thrombosis and serious adverse
cardiovascular events. On the other hand, Ketorolac
and Aspirin are both non-selective COX inhibitors and
increase resistance to clot formation. Their antiplatelet
effect can last up to 24 hours after a single dose. Thus,
lowering the risk of graft closure after CABG surgery.”

Ketorolac is a highly effective pain reliever that
can be used both safely and effectively during the
perioperative period. Although a few retrospective
studies exist which show that Ketorolac can be used in
both children and adults following cardiac surgery.”1*-
1 A recent prospective study conducted by Fatemeh. et
al. also demonstrated the superiority of parenteral
Ketorolac to Paracetamol in treating postoperative pain
in CABG patients.’? Additionally, off label use of Keto-
rolac for post-operative pain management in selected
patients remained a common clinical practice, but
limited data is available regarding its effectiveness,
especially for our population. Therefore, there is a
need for further prospective studies to provide scienti-
fic evidence regarding the safety and efficacy of
Ketorolac in postoperative cardiac surgery patients to
guide clinicians on evidence-based optimal post-
operative pain management in surgical intensive care
units (SICUs).

METHODOLOGY

After obtaining approval from the ethical com-
mittee of NICVD hospital (ERC-83/2020), written
informed consent was taken from all patients meeting
the inclusion criteria during the study period of six
months (January 1, 2021 up to June 30, 2021). This Trial
was registered at Clinical Trial.gov with Clinical Trials.
gov ID of NCT05361824.

Sample Size: The sample size was calculated based on
the study conducted by Javaherforooshzadeh et al.12
which reported a mean VAS score of 121.1+2.73 vs.
126.8+3.41; p=0.417 after 24 hours of surgery in Parace-
tamol and Ketorolac group, respectively. Taking these
statistics at a 5% level of significance and 80% power of
test to detect the statistical difference between the two
groups, the minimum calculated sample size required
for the study was calculated to be 6 patients in each
group. Considering the patient flow we recruited 30
patients in each group with a total sample of 60 pa-
tients (30 in Paracetamol and 30 in Ketorolac group).

Inclusion Criteria: The inclusion criteria included
all consenting males and females from age 18 years
above, undergoing elective cardiac surgeries, and
having American Society of Anesthesiology (ASA)
Physical Class-3 or 4.

Exclusion Criteria: On the other hand, all patients
known to have allergy or sensitivity to nonsteroidal
anti-inflammatory drugs, with a history of gastric ul-
cer, upper or lower gastrointestinal bleeding, hepatic
dysfunction, or bleeding diathesis were excluded. As
well as those patients, whose serum creatinine was 2.0
mg/dl preoperatively or had an increased serum
creatinine of 0.5mg/dl (or 25% increase) from baseline,
within the preceding 10 days were also excluded. In
addition, patients with pre-operative ejection fraction <
30% or with a low cardiac output (cardiac index <2.0
lit/ min/m?2) after coming off cardiopulmonary bypass
(found on transesophageal echocardiography, done
intraoperatively), patients already pre-planned for
delayed extubation (due to moderate to severe pul-
monary artery hypertension, poor right ventricular
function, rhythm disturbances or unstable vitals) and
those who were not comfortably ventilated or
oxygenated, requiring high doses of sedation and
neuromuscular blockade were excluded.

A total of sixty patients (30 in each group) were
randomly assigned to receive either Paracetamol
(control) or Ketorolac (treatment) for 48 hours postop,
along with a background infusion of Nalbuphine.
Computer randomization (using a predefined compu-
ter generated randomization schema with 1:1 ratio)
was done for the numbers 1 to 60, having a 50%
probability of being in either the treatment or control
group. After randomization, the patients got allotted
these numbers consecutively, as they presented for
elective cardiac surgery. Thus, randomly allocating the
presenting patient either into Ketorolac/treatment
or Paracetamol/control group. The randomization
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schema was accessible to a single investigator, not
involved in patient management, and communicated
to the primary operator on patient-to-patient basis to
ensure concealment.

Patients meeting the inclusion criteria had
received standard general anesthesia and underwent
elective cardiac surgery. After which they were shifted
to SICU, where they got administered their allocated
analgesic therapy. Both groups upon arrival into the
ICU were initially started on a maintenance infusion of
Nalbuphine at 2.5mg/hr, which was stopped at the
time of extubation. In addition to this, the treatment
group was administered injection Ketorolac 30mg, 8
hourly for the first 48 hours, and the control group
injection Paracetamol 1gm, 6 hourly for the first 48
hours. Bolus doses of Nalbuphine 10mg were given as
rescue analgesia if needed by either group. In order to
maintain (patient) blinding, the drugs were prepared
in 100 ml infusion bottles identical in every aspect,
except for a unique label on them which was only
known to the primary investigator.

The primary outcome of the study was post-
operative pain intensity. This was measured using a
Visual Analogue Scale (VAS) consisting of a straight
10cm line divided into 10 equal parts with the end-
points defining extreme limits such as ‘no pain at all’
(at 0) and ‘worst pain possible” (at 10). The scale was
explained to the patients twice: one day prior to
surgery (at preoperative interview) and after they re-
covered their alert state (post-extubation). The patients
were asked to mark the intensity of pain experienced
on the line between the two endpoints (0 to 10). The
mark that the patient pointed to, defined the patient’s
pain. For the purposes of this study “adequate pain
relief” was defined as achieving a pain score of four or
less, this designation was also included on the VAS
scale and explained to the patients (every time VAS
was shown) so that they may indicate numbers higher
than four if they felt any pain. To evaluate the efficacy
of either therapy, the first post-operative analgesia
assessment was performed using VAS at 6 hours and
then at 12, 18, and 24 hours post-extubation. Addition-
ally, the total number of rescue analgesia doses needed
and the total amount of Nalbuphine administered
(infusiont+rescue bolus dose) to each patient were
recorded as secondary outcomes. The time taken to
extubation, and the total chest tube drainage were also
recorded over 48hours postoperatively.

Data was entered and analyzed using SPSS
version-25. Shapiro-Wilk test was applied to check the

hypothesis of normality for continuous variables and
was expressed using descriptive statistics such as
MeantSD, median (IQR), maximum and minimum.
Frequency and percentages were then calculated for
categorical variables. VAS score was compared to
patients’ characteristics by conducting t-test or Mann-
Whitney U test appropriately. A two-sided p-value of <
0.05 was taken as significant.

RESULTS

The mean age in Paracetamol group was 54+10.6
years and 58.449.1 years in Ketorolac group. The
females were 7(23.3%) vs. 2(6.7%) in Paracetamol and
Ketorolac group, respectively. All patients were in
ASA class 4. Demographic and clinical characteristics
of the Paracetamol and Ketorolac are summarized in
Table-I.

Table-I: Distribution of Baseline Demographic and Clinical
Characteristics stratified by the Treatment Group

. .- Thera -

(SR 0Lt Paracetamol lI)(};torolac var;ue

Total (N) 30 30 -
Gender

Male 76.7% (23) | 93.3% (28) 0.071

Female 23.3% (7) 6.7% (2) )

Age (years) 54 +10.64 |58.43 £9.13| 0.088

Weight (kg) 73+11.3 764+12 | 0.264

Height (cm) 165.4+£10.4 | 167.8£9.8 | 0.361

Body mass index

(ke/m2) 269+45 | 272+43 | 0.760
Diagnosis

Left main+3vessel 75.6% (59) | 71.8% (56)

disease

3 vessel disease 154% (12) |16.7% (13) | 0.157

2 vessel disease+ atrial

septal defect 7.7% (6) 10.3% (8)
Ejection Fraction (%)

30 to 50% 40% (12) 60% (18) 0121

>50% 60% (18) 40% (12) ’

The extubation time was 5.4+1.5 vs. 5.3£1.5 hours
in Paracetamol and Ketorolac group, respectively.
Average total dose of Nalbuphine was 25.7£6.9 vs
15.3+5.2 mg in Paracetamol and Ketorolac group,
respectively. Significantly lower VAS pain rating was
observed in Ketorolac group as compared to the
Paracetamol group at all four-time points. Adequate
pain control (VAS<4) was observed to be 43.3% (13) vs
90% (27); p<0.001 at 6 hours, 46.7% (14) vs 86.7% (26);
p<0.001 at 12 hours, 46.7% (14) vs 93.3% (28); p<0.001 at
18 hours, and 70% (21) vs 93.3% (28); p<0.001 at 24
hours for Paracetamol and Ketorolac group respec-
tively (Table-II).
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Table-II: Comparison of Clinical Parameters and VAS Pain
Rating Between Paracetamol and Ketorolac

. Thera =
Sl e Paracetamol pl)éetorolac v;ﬁue
Total (n) 30 30 -
Time taken to 54£15 53+15 | 0.741
extubation (minutes)
Total Number of Rescue Dose
0 0% (0) 66.7% (20)
1 20% (6) 23.3% (7)
2 23.3% (7) 6.7% (2) .
3 40% (12) 0% (0) 0.001
4 10% (3) 3.3% (1)
5 6.7% (2) 0% (0)
Nalbuphine infusion 124 +35 128+35 | 0.649
(mg)
(Trif;)l Nalbuphine dose | = 557, ¢ 9 153+52  |<0.001*
Drain output (ml) 660 [460-900] |770 [500-960] | 0.877
A6 VAS pain rating 53+17 32+19 <0.001*
hours <4 43.3% (13) 90% (27) 0.001*
5-10 56.7% (17) 10% (3) )
At12 | VAS painrating | 5.0%17 35+15 |<0.001*
houss <4 46.7% (14) 86.7% (26) 0.001%
5-10 533% (16) | 13.3% (4) '
At18 VAS pain rating 5+14 33+1.0 <0.001*
b <4 46.7% (14) | 93.3% (28) .
ours 0.001
5-10 53.3% (16) 6.7% (2)
At 24 VAS pain rating 43+1.6 3.0+14 <0.001*
hours <4 70% (21) 93.3% (28) 0.02*
5to 10 30% (9) 6.7% (2) )

VAS=visual analog scale *Significant at 5%

DISCUSSION

As a result of improvements in the cardiopul-
monary bypass technique, cardiac surgery is now a
common procedure; however, it causes patient discom-
fort, just like other operations, because of the pain and
the consequences of the pain. Patients undergoing
cardiac surgery are usually older, and the number of
comorbidities they have is increasing. For patients who
have had a cardiac procedure, preventing and contro-
lling pain in the postoperative care setting is critical®2.
As it is the era of fast-track recovery following surgery,
research is being done to provide effective analgesia
with minimal opioid wusage in cardiac surgery
patients.’315 Therefore, the aim of this study was to
compare the efficacy of Ketorolac in postoperative pain
management in cardiac surgery patients.

According to the study's main finding, patients
undergoing elective cardiac surgery who were given
Ketorolac instead of Paracetamol experienced less
postoperative pain, on average at all four-time points.
VAS scores in the Ketorolac group at 6,12,18 and 24
hours post-extubation were less than 4 (adequate pain

control), in comparison to the Paracetamol group
whose VAS ratings were 5 or more at 6,12 and 18 hours
post-extubation, the only exception being at 24 hours
post-extubation where they also had a score of less
than 4 (Table -II).

Opioids used alone or in large doses for an
extended period of time, can cause acute tolerance and
opioid dependence postoperatively.1¢ In light of this, a
multimodal approach incorporating non-opioid agents
into opioid-based regimens appears to be a promising
alternative. One of the goals of this research was to
compare the total number of opioid rescue doses nee-
ded by the patients postoperatively, along with the
total amount of Nalbuphine administered to each
patient in SICU. In the study’s result, Ketorolac ap-
pears to have reduced both the number of rescue doses
needed, as well as the total postoperative Nalbuphine
requirement when compared to Paracetamol.

Ketorolac can be administered both enteral and
parenterally, either alone or with opioids, despite its
route it has no significant impact on the cardiovascular
or respiratory systems!” and can limit the adverse
effects of opioids while also facilitating early extuba-
tion and mobilization following cardiac surgery.812
This could be due to the fact that the study patients
underwent elective cardiac surgery and had overall
similar demographics, both Ketorolac and Paracetamol
group had a comparable time of extubation which was
approximately around 5 hours (Table 1II).

A large retrospective cohort study conducted by
Kimmel, et al,” in 35 hospitals showed that patients
who had received IV Ketorolac for pain management
for up to 3 days after CABG surgery had a 30% lower
risk of developing myocardial infarction (MI) than
those who received only IV opioids. Although not
recorded as an outcome and only being administered
to a limited number of (30) patients undergoing
elective cardiac in our study, not one was noted to
have developed a graft blockage, postoperative MI, or
any respiratory complication, showing consistency
with the results found by Kimmel, et al.”

A review article on the safe use of Ketorolac for
postoperative pain highlighted that, it can decrease
platelet aggregation capability and lengthen the blee-
ding duration but not bleeding volumel8. As hemorr-
hagic amount can vary due to a number of reasons
ranging from, the type of surgery (major vs. minor),
site of operation (cardiovascular vs superficial), surgi-
cal hand (surgeon dependent), pre-existing coagul-
opathy (congenital or drug-induced) in the patient
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themselves, to the total length of operative time, etc.
Although almost all the patients studied here under-
went elective coronary artery bypass surgery for three
or two-vessel disease which lasted for a total of three
to four hours (from skin incision to skin closure) and
had a comparable bypass time (maximum being 90
minutes). However, they were conducted by eight
different cardiac surgeons whose cardiac surgery
experience varied from a minimum of 8 to a maximum
of 25 years. Despite this and the fact that the patients
were computer randomized into two groups, the total
chest drain output over 48 hours was not significantly
different (an average of 100ml difference) between the
Paracetamol group (an average drain output of 660ml)
and the Ketorolac group (an average drain output of
770ml). No patient was taken back for reopening in
either group (Table-II).

As a result of the development of new pharma-
cological and interventional approaches, postoperative
analgesia has improved. Overall, the most cost-effec-
tive and comfortable method of postoperative anal-
gesia should be chosen, as well as one with the fewest
complications and side effects while also shortening
the patient's postoperative stay. After surgery, patients
experience both physical and psychological discom-
fort, which limits their ability to exercise, reduces their
respiratory capacity and increases their risk of develo-
ping pulmonary issues. On the other hand, effective
postoperative pain management can reduce the risk of
these complications and shorten ICU stay.

To manage postoperative pain after cardiac
surgeries clinicians often turn to opioids, which act on
the opioid receptors and provide analgesia. Acting as
an opioid agonist-antagonist, Nalbuphine is commonly
used in controlling mild to moderate pain. It has been
shown to have an analgesic effect by acting on the
central nervous system's p and k-receptors. With a
lower incidence of postoperative nausea and vomiting
and minimal effects on patient hemodynamics, Nalbu-
phine is an effective analgesic after cardiac surgery.?®

However, the use of opioids necessitates the use
of other analgesic adjuncts to reduce the overall dose
requirements due to their side effects, such as respira-
tory depression, sedation, bradycardia, nausea, and
vomiting. Antipyretic and analgesic in nature, Parace-
tamol’s (Acetaminophen) primary mechanism of
action is still a matter of debate, but it may work by
inhibiting prostaglandin (PG) synthesis, as its analgesic
and antipyretic effects are similar to those of Aspirin,
or by influencing cannabinoid receptors via an active

metabolite (p-Aminophenol). There has also been
speculation that its action is mediated by activation of
descending serotonergic pathways. Whatever the
mechanism, after cardiac surgery, Paracetamol because
of its safety profile is commonly used in conjunction
with opioids as a postoperative pain reliever in cardiac
surgery.2021 Despite this, the efficacy of Ketorolac in
alleviating postoperative pain and decreasing opioid
consumption surpasses that of Paracetamol thus
making it a promising postoperative analgesic option.

LIMITATIONS OF STUDY

The study was limited to a single center and had a
small sample size (60 patients). It is proposed to conduct this
study in multi centers, having a larger sample size, which
includes both on and off-pump CABG, and a longer follow-
up period, for concrete results.

CONCLUSION

Ketorolac ensures better pain control in comparison to
Paracetamol when used in carefully selected cardiac patients
for a short period. Furthermore, it also decreases the overall
opioid consumption, thus avoiding opioid-induced side
effects such as sedation, respiratory depression, and delayed
extubation.
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