A Comparative Study of the Analgesic Effects of Intravenous Ketorolac,
Paracetamol, and Morphine in Patients Undergoing Video-assisted
Thoracoscopic Surgery: A Double-blind, Active-controlled, Randomized

Clinical Trial

Background: Opioids are traditionally used as the drug of choice for the management of
postoperative pain. However, their use is limited in patients undergoing Video-assisted thoracic
surgery (VATS), due to their side effects, such as respiratory depression, nausea, and vomiting.
Aim: In this double-blind active-controlled randomized study, we have compared the analgesic
effects of ketorolac and paracetamol to morphine. Methods: Patients were randomly chosen from a
pool of candidates who were undergoing VATS and were divided into three groups. During the first
24 h postsurgery, patients in the control group received a cumulative dose of morphine 20 mg, while
patients in two treatment groups received ketorolac 120 mg and paracetamol 4 g in total. Doses were
administered as bolus immediately after surgery and infusion during the first 24 h. Patients’ pain
severity was evaluated by visual analogue scale rating (VAS) at rest and during coughing episodes.
Results: The average pain score at recovery time was 2.29 + 2.13 and 2.26 + 2.16 for ketorolac and
paracetamol, respectively, and it was significantly lower than the morphine group with an average
pain score of 3.87 (P = 0.003). Additionally, the VAS score during cough episodes was significantly
higher in the control group throughout the study period compared to study groups. Comparison
of mean morphine dose utilized as liberation analgesic (in case of patients had VAS >3) between
three groups was not significantly different (P = 0.17). Conclusion: Our study demonstrates the
non-inferiority of ketorolac and paracetamol to morphine in controlling post-VATS pain without
causing any significant side effects. We also show that ketorolac and paracetamol are superior to
morphine in controlling pain during 2 h postsurgery.

Nonsteroidal anti-inflammatory agents, opioids, pain, pharmacotherapy, video-assisted
thoracic surgery

Introduction become popular over the last years.”) The
first lobectomy using VATS was performed
in Italy in 1991.19 According to The
Society of Thoracic Surgeons (STS)
database in 2006, 32% of lobectomies were
performed via VATS.I! The application of
VATS is not only limited to the lung.l®
Wedge resection, lobectomy, pleurodesis,
pericardectomy, and thymectomy are some
of the known indications of VATS.[!"!

Effective postoperative pain is a key factor
which affects patients’ early rehabilitation,
morbidity, and mortality and hence is
of utmost importance.! Traditionally,
opioids are the mainstay for postoperative
pain management; however, the use of
multimodal opioid-sparing regimens are
commonly being practiced, to reduce
their adverse reactions such as respiratory

depression and ileus.”’ Ketorolac and  There is a growing body of evidence,

paracetamol, which have fewer side effects
in comparison to opioids, are alternative
drugs that can be used for postoperative
pain management.4!

Video-assisted thoracic surgery (VATS)
is an effective surgical approach that has
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showing the superiority of VATS over
conventional thoracotomy. Applying VATS
technique led to less postoperative pain in
a study that was done by Nagahiro et al.
They also revealed the correlation between
pain and pulmonary function recovery,
suggesting the patients in the VATS
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group had a superior recovery of pulmonary function.!'!
Furthermore, the levels of circulating cytokines, especially
interleukin (IL)-6, which is directly correlated to the extent
of tissue injury was shown to be significantly lower in
patients who underwent VATS lobectomy.!'!!

Although, there are inconsistent reports regarding the
intensity of pain after thoracoscopy in comparison to
thoracotomy, the importance of effective pain control,
and its decisive role in decreasing morbidity after major
thoracic surgery have been well established.!!*'* Different
modalities are available for treating postoperative pain after
VATS, including systemic opioids and topical analgesics.!™!
Opioids are the mainstay for management of postoperative
pain; however, their potential to cause ventilatory depression
is an important limitation for their use. Nonsteroidal
anti-inflammatory drugs (NSAIDs) can be used as a better
alternative to opioids since they do not cause respiratory
depression. Previous data have reported that using diclofenac
and ketorolac reduce opioid consumption by 76% and 66%,
respectively.['¥1%17 Paracetamol, which does not cause central
nervous system or ventilatory depression, can also be used
as an analgesic agent for postoperative pain control.*!®]

The current study was designed to compare the analgesic
efficacy of intravenous ketorolac and paracetamol to
morphine patients who have undergone VATS.

Methods

A double-blind active-controlled randomized clinical trial
was designed, where the anesthesiologist and the patients
were blind, and only the anesthesiology assistant who
administered the drug was not blind. The patients classified
as class 1 (normal healthy patients) and class 2 (patient
with mild systemic disease) of Anesthesia Association of
America (ASA), who referred to the tertiary referral hospital
and were candidate for VATS, were randomly assigned to
study groups, using permuted block randomization method.
The patients with ages between 16 and 65 years were
included in the study during September 2017 and June
2018. Above-mentioned factors were considered as the
study’s inclusion criteria. The study design was approved
by the ethics committee of the affiliated university
19 July 2016. All participants have signed written informed
consent before the start of the study.

Patients were excluded from the study if they had a history
of addiction to drugs or alcohol, history of hypersensitivity
to any of the drugs being studied, intellectual disability,
psychiatric disorders, and uncontrolled systemic disease,
including uncontrolled diabetes mellitus. Other exclusion
criteria were the use of narcotics two weeks before
surgery, history of asthma, allergic rhinitis, and other
allergic reactions, serum creatinine greater than 1.5 mg/dl
in males and greater than 1.4 mg/dl in females, aspartate
aminotransferase (AST) to alanine aminotransferase (ALT)
ratio of more than 2, AST and ALT twice the upper limit
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of normal, ASA functional class >2, use of anticoagulant
medications, severe hypovolemia, and G6PD deficiency.

Patients were randomly assigned into three groups. Upon
arrival in the operating room, standard monitoring was
applied to all patients. All three groups underwent similar
anesthesiology protocol; they were consistently premedicated
with 1--2 mg of midazolam and 100--150 mcg of fentanyl
before initiation of surgery. Induction of anesthesia was
done by 1.5-2 mg/kg of propofol, and 0.5 mg/kg atracurium.
Anesthesia was maintained with propofol 100--200 mcg/kg/
min and isoflurane 0.5%--1%. The analgesic drug was injected
during skin closure after the surgery had ended. Patients in the
three study groups immediately were given intravenous bolus
injection of morphine (control group, M) 10 mg, ketorolac (K)
30 mg, or paracetamol (P) 1 g. Immediately after extubation,
all participants were transferred to the recovery room where
the infusion of the analgesic drug was initiated and continued
for 24 h postsurgery. At this stage, group M received morphine
approximately 0.5 mg/h (total maintenance dose of 10 mg).
Ketorolac 90 mg and paracetamol 3 g, were infused in
groups K and P, respectively, as maintenance doses. All three
drugs were diluted in 100 ml normal saline and administered
with an infusion rate of 4 ml/h using an infusion pump in the
blind setting.

Clinical variables including systolic and diastolic blood
pressure, heart rate, electrocardiographic variables, and
arterial oxygen saturation were recorded at 0 (baseline),
2,4, 8, 12, and 24 h after surgery. Patients’ pain severity
was determined using a visual analog scale (VAS) rating
from 0 (without pain) to 10 (worst pain conceptual).
Patients were instructed on VAS before surgery. Pain score
was assessed as the primary outcome and was recorded at
0 (baseline), 2, 4, 8, 12, and 24 h after surgery. Patients
with VAS >3 in each group received an extra injection
of morphine sulfate 0.05--0.1 mg/kg as rescue analgesic
during each VAS assessment time.

Pain estimates were documented at rest and during
coughing episodes. Furthermore, global patient satisfaction
was recorded by the interview in the recovery room and at
2, 4,8, 12, and 24 h after study drug administration and
was reported as a qualitative scale of low, moderate, and
high satisfaction.

Complications, including bleeding, atelectasis, respiratory
distress, nausea, vomiting, itching, and headache in the first
24 h after surgery were also monitored and recorded.

Data analysis was performed using the SPSS software,
version 22.0 (SPSS, IBM Inc., Chicago, IL, USA).

The Chi-square test was applied to compare the frequency
of variables between study groups. Additionally, to compare
the normally and nonnormally distributed quantitative data,
one-way analysis of variance (ANOVA) and nonparametric
test of the Kruskal--Wallis were used, respectively.
The Kolmogorov--Smirnov test was applied to test the

Annals of Cardiac Anaesthesia | Volume 23 | Issue 2 | April-June 2020



Dastan, et al.: Video-assisted thoracoscopic surgery analgesia

normality of data distribution. Furthermore, to compare the
quantitative variables with frequent measurements, repeated
measures ANOVA was applied. P values less than 0.05
were considered statistically significant.

Results

Overall, consisting of 72 male and 29 female patients
were enrolled. Out of the 101 patients, 35 patients were
assigned to the group K, another 35 were in the group P,

and 31 patients were enrolled in the group M [Figure 1].
There were no significant differences in the age (P = 0.84)
and sex (P = 0.87) distribution of the patients between
the three study groups. Demographics and other baseline
characteristics of the patients allocated in the three study
groups are presented in Table 1. No significant difference
was seen in these variables, except for the length of surgery,
which was significantly longer in the ketorolac group
(P = 0.01). Patients’ baseline laboratory data, including

[ Enroliment ]

Assessed for eligibility (n=110)

Excluded (n=9)
+ Not meeting inclusion criteria (n=0 )
+ Declined to participate (n=9)

+ Other reasons (n=0 )

Randomized (n=101)

A4

[ Allocation J

A4

'

Allocated to control group Allocated to paracetamol
(morphine) Allocated to ketorolac group group (n=35)
(n=31) (n=35) + Received
+ Received morphine ¢ Received ketorolac (n=35) paracetamol
(n=31) (n=35)

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

A

Analysed (n=31)
+ Excluded from analysis
(n=0)

Figure 1: Consort flowchart

[ Follow-Up ]

A 4

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

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

[ Analysis ]

|

A

Analysed (n=35)
¢ Excluded from analysis
(n=0)

Analysed (n=35)
+ Excluded from analysis
(n=0)

Group M (n=31) Group K (n=35) Group P (n=35) P

Mean age (years) 39.87+16.67 66.06+16.10 41.58+16.94 0.84
Gender

Female (%) 9(29) 9 (26) 11 (31.31) 0.87

Male (%) 22 (71) 26 (74) 24 (68.69)
Weight (kg) 68.45+10.47 70.63£10.10 74.80+31.14 0.26
Duration of anesthesia (min) 137.67+£75.30 155.97+£55.15 132.14+£70.09 0.14
Duration of surgery (min) 95.17+68.48 121.49+51.50 94.00+66.20 0.01
BUN* (mg/dL) 29.03+15.21 29.09+11.52 30.58+11.02 0.53
ALT' (IU/Lit) 28.26+16.62 24.77+7.23 25.21+12.36 0.90
AST* (IU/Lit) 26.39+10.82 28.00+10.23 23.18+9.46 0.43
SCr® (mg/dL) 1.08+0.19 1.33£1.09 0.96+0.18 0.05

*BUN: Blood urea nitrogen, "ALT: Alanine aminotransferase, {AST: Aspartate aminotransferase, $SCr: Serum creatinin, min: Minute
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blood urea nitrogen (BUN) (P = 0.53), ALT (P = 0.90),
AST (P = 0.43), and serum creatinine (P = 0.051), were
also comparable in the three groups.

The average pain score at recovery time was 2.29 + 2.13
and 2.26 + 2.16 for ketorolac and paracetamol group,
respectively, which was significantly lower (P = 0.003)
than that of the morphine group (3.87 + 2.27). However,
comparison of the pain scores between study groups at
2 (P=0.26),4 (P=0.39),8(P=0.21), 12 (P=0.32), and
24 hours (P = 0.39) after analgesic administration showed
no statistical significance. Furthermore, VAS score during
cough episodes was significantly higher in the morphine
group throughout the study period (at recovery P < 0.001,
at 2 h P=10.003,at 4 h P=10.05,at 8 h P=0.01, at 12 h
P =0.002, at 24 h P = 0.001) [Table 2].

Patients’ systolic (P = 0.005) and diastolic (P = 0.02)
blood pressures were significantly higher in the control
group during the recovery period. In all measurements,
heart rate was higher in group K; nevertheless, it was
significantly higher only at 2 h after surgery (P < 0.001).
In addition, heart rate was notably lower in group P at 8 h
postsurgery (P = 0.007).

Rescue medication (morphine) for additional analgesia was
needed in 18/35 patients in the K group, 25/35 patients
in the P group, and 17/31 patients in M group (51%,
71%, 55% respectively). However, comparison of mean
morphine dose utilized as liberation analgesic between
three groups (group M: 3.77 + 4.37 mg, group K:
3.04 + 430 mg, group P: 438 + 3.69 mg) was not
significantly different (P = 0.17).

The extent of bleeding was significantly higher in the K
group compared to that of the M group at 24 h after surgery
(291.57 £ 266.10 ml versus 169.35 + 98.89 ml; P = 0.03).
However, there were no cases of gastrointestinal bleeding
reported during the study. Paracetamol led to an elevation
in AST in comparison to ketorolac when it was compared

Group M (n=31)
Pain score at rest

Recovery room 3.87+2.27
2h 3.10+£2.00
4h 2.84+2.06
8h 2.77+£2.23
12h 2.19+2.38
24 h 2.03+1.74
Pain score during cough episodes
Recovery room 5.26+2.62
2h 4.52+2.51
4h 4.03+2.35
8h 3.90+2.58
12h 3.454+2.52
24 h 3.06+2.27
180

to the baseline values (-4.57 £ 11.28 versus 0.00 + 4.13;
P = 0.04). Only three patients experienced respiratory
distress during the study, two of which were in group P,
and one was in group M (control group). Incidence of other
complications was not significant in any of the groups
during the study [Table 3].

Patient’s satisfaction was the same among three study
groups at recovery and after 2, 4, 8, 12, and 24 h
postintervention (P = 0.43).

Discussion

In our study, patients in the control group (morphine group)
had a significantly higher (P = 0.003) VAS score during
recovery (2 h postsurgery) compared to the other groups.
This finding confirms that ketorolac and paracetamol are
more effective in controlling acute postoperative pain. This is
in line with the previous data published by Buccelletti et al.
who also concluded that ketorolac was more effective in
controlling acute pain in patients presented to the emergency
department.!') Moreover, the noninferiority of ketorolac and
paracetamol to morphine in controlling post-VATS pain
at 2, 4, 8, 12, and 24 h after surgery was demonstrated
in this study which is similar to previously published
studies.”??! In a double-blinded randomized controlled
trial reported by Rainer et al., it was found that ketorolac
is comparable to morphine in pain in terms of management
for patients with isolated limb injury. More importantly,
the intravenous administration of ketorolac is significantly
more cost-effective when compared to morphine.?"! Other
reports have shown that paracetamol and morphine have the
same efficacy in controlling posttraumatic headaches.*
Paracetamol was also found to have a better analgesic effect
in comparison to remifentanil.!'$)

Patients who received morphine scored a significantly
higher VAS during cough episodes, which highlights the
superiority of ketorolac and paracetamol in controlling pain
during post-VATS cough. Previous studies on paracetamol

Group K (n=35) Group P (n=35) P
2.29+2.13 2.26+2.16 0.003
2.34+1.99 2.63£1.76 0.26
2.37+1.91 2.11£1.72 0.39
1.86+1.63 1.97£1.93 0.21
1.31£1.58 1.914+2.22 0.32
1.89+2.72 1.71£1.90 0.39
2.68+2.47 3.11£2.15 <0.001
2.71£2.29 2.574+2.00 0.003
2.74+2.27 2.8942.34 0.05
2.03+1.88 2.74+2.45 0.01
1.38+1.41 2.71+2.55 0.002
1.24+1.87 2.77+2.43 0.001
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Group M (n=31) Group K (n=35) Group P (n=35) P
Complications
Atelectasis (%) 6(19.3) 7 (20) 4(11.4) 0.57
Respiratory distress (%) 1(3.2) 0(0) 2(5.7) 0.36
Nausea (%) 7 (22.6) 3(8.6) 1(2.9) 0.03
Vomiting (%) 3(9.7) 1(2.9) 1(2.9) 0.34
Itching (%) 0 (0) 0 (0) 1(2.9) 0.40
Headache (%) 0 (0) 1(2.9) 0 (0) 0.38
Bleeding in 24 h (ml) 169.35+98.89 291.574266.10 250.00+179.86 0.03
Changes in laboratory data (baseline versus 24 h postsurgery)
BUN* (mg/dL) (0 h-24 h) -0.96+4.34 0.85+8.45 -3.54+10.59 0.24
ALT' (TU/Lit) (0 h-24 h) -0.80+2.97 -1.77£5.16 -5.1449.34 0.09
AST* (IU/Lit) (0 h-24 h) -0.454+4.98 0.00+4.13 -4.57+11.28 0.04
SCr* (mg/dL) (0 h-24 h) 0.01£0.10 -0.40+1.60 -0.10+0.31 0.03

*BUN: Blood urea nitrogen, TALT: Alanine aminotransferase, *AST: Aspartate aminotransferase, SSCr: Serum creatinin, h: Hour

and ketorolac have shown higher pain score during
cough episodes in the paracetamol group, suggesting that
ketorolac might be a better analgesic during post-VATS
cough episodes. We did not, however, measure pain
scores during physical activity, which can be considered as
a limitation to our study.

Ketorolac significantly increased the risk of bleeding
during the 24 h after surgery (P = 0.03). NSAIDs provide
pain relief by inhibiting cyclooxygenase and consequently
reducing prostaglandin production. The main advantage
of this class of drugs is that they alleviate pain without
causing respiratory depression, but they can cause
gastrointestinal bleeding, acute kidney injury (AKI), and
coagulopathy in susceptible patients.”) In our study,
however, no cases of major complications were reported.
Our results were comparable with previous findings by
Power et al., who reported that ketorolac increased the
amount of bleeding but did not lead to any complications
in patients undergoing cholecystectomy.? Heart rate
was higher in patients receiving ketorolac in almost all
measurements when compared to that of paracetamol and
morphine, which can be linked to increased bleeding in
this group. Increased heart rate may also be linked to the
occurrence of cardiovascular side effects, which can pose a
limitation for ketorolac use in patients with cardiovascular
risk factors.*”!

Based on the within-group analyses, paracetamol led to a
significant elevation of AST (P = 0.04), however, remained
in the normal range. This increase might be because
the maximum dose was used in this study. Paracetamol
became an option for controlling postoperative pain with
the initiation of the intravenous form of the drug in 2010.
Although paracetamol can cause hepatic toxicity in doses
exceeding 4 g/day or in patients with pre-existing hepatic
dysfunction, it has an acceptable safety profile.®

Use of rescue medication was not different among the three
study groups, which suggests that morphine is not superior
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to the other alternatives used in this study. Similar results
were confirmed by Lee ef al., who compared paracetamol,
ketorolac, and paracetamol plus morphine. There was also
no significant difference between patients’ satisfaction
scores, which was also confirmed by the study mentioned
above.F)

Opioids are commonly administered to achieve adequate
pain relief following surgeries. This class of drugs is
used for the management of severe postoperative pain.
However, potential drawbacks of using opioids such
as respiratory and central nervous system depression
prompt investigations to develop alternative analgesics
with a safer adverse reaction profile. NSAIDs and
paracetamol can be used as substitutes for opioids since
they have fewer side effects. Many studies have also
shown that using these drugs can reduce parenteral
opioid consumption and its consequences.'? Previous
clinical studies have proposed that 30 mg of ketorolac
and 1 to 2 g of paracetamol were as effective as 10 mg
of morphine.*?*”" Dula et al. compared ketorolac with
meperidine in the treatment of acute biliary colic and
concluded that the two drugs were similar in terms of
pain relief.?®] Moreover, some studies have demonstrated
the superiority of ketorolac over paracetamol combination
therapies (either in combination with another NSAID or
opioid); however, Lee et al. represented paracetamol as
an alternative to ketorolac where the use of NSAIDs is
unsuitable.??%! In our study, paracetamol (1 g IV stat and
3 g/24 h continuously) and ketorolac (30 mg IV stat and
90 mg/24 h continuously) were both equally effective
in controlling pain after VATS. Nonetheless, ketorolac
increased the quantity of bleeding and heart rate during
the 24 h period after surgery, which makes paracetamol
a better choice when it comes to choosing an analgesic
for patients at the risk of cardiovascular adverse reactions.
A previous study was done by White et al. have also
demonstrated that paracetamol possesses a better adverse
effects profile compared to ketorolac."
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Our findings confirm that ketorolac and paracetamol may
potentially be used as alternative analgesics to morphine.
Moreover, ketorolac and paracetamol are comparable to
morphine in controlling pain during cough episodes, which
is of the utmost importance when it comes to patients
undergoing VATS. Additional studies with larger sample
sizes are warranted to confirm our results.
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