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Background: The purpose of this study is to evaluate the safety and efficacy of oral
melatonin administered with thoracic epidural analgesia in patients with multiple bilateral
fractured ribs.

Patients and Methods: A prospective, double-blind randomized control study was carried
out on 80 patients of either sex, American Society of Anesthesiologists (ASA) Grade I and
II, aged above 18 years, presenting with multiple bilateral fractured ribs. They were
randomly divided into two groups, 40 patients each. Placebo group patients received oral
placebo tablets and melatonin group (TEA and melatonin) patients received oral melatonin
tablets (5 mg), about 1 hour before epidural infusion of local anesthetics and then every 12
hours till the cessation of bupivacaine infusion.

Results: Melatonin administration was associated with a significant decrease in total mor-
phine analgesia consumption, from 31.8 + 1.41 mg in the TE group to 13.03 £ 0.85 mg in the
melatonin group (P < 0.001), with a significant decrease (P < 0.001) in the mean infusion rate
of bupivacaine required for controlling the pain, from 0.17 £+ 0.014 mL/kg/hour in the TE
group to 0.12 £ 0.001 mL/kg/hour in the melatonin group. The duration of bupivacaine
infusion in the melatonin group was also significantly shorter than in the TE group (96.48 +
1.87 and 100.05 + 3.39 hours, resp., P < 0.001).

Conclusion: We conclude that premedication of patients with 5 mg melatonin is associated
with significant prolongation of thoracic epidural analgesic effects compared to placebo.
Registration: This clinical study was registered at Pan African Clinical Trial Registry with
no. “PACTR 201711002741378” on 02-11-2017.
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Introduction

Multiple fractured ribs (MFRs) can be associated with severe pain. Moreover, lack
of adequate analgesia, especially in the presence of pulmonary contusion and flail
chest, can result in serious pulmonary complications.’

Thoracic epidural analgesia (TEA) remains a key component of anesthesia-
based acute pain services and is used to treat acute pain after thoracic surgery,
abdominal surgery, and rib fractures. TEA is commonly used for pain relief in MFR
cases, but epidural analgesia has been associated with possible complications, such
as epidural hematoma and abscess collection in the spinal space.”™

Melatonin has sedative, hypnotic, analgesic, anti-inflammatory, and antioxida-

tive properties that make it an attractive option as a premedication drug.® It has
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been utilized during surgical operating conditions and has
been shown to enhance and improve both preoperative and
postoperative analgesia.”

The aim of this study is to evaluate the effects of oral
melatonin with thoracic epidural for managing pain in
patients with multiple bilateral fractured ribs. Our primary
outcome was the total required rescue analgesia, while the

secondary outcome was the severity of pain sensation.

Patients and Methods

A prospective, double-blind randomized control study
was carried out on 80 patients, American Society of
Anesthesiologists (ASA) Grade I and II, aged above 18
years of either sex, presenting with multiple bilateral frac-
tured ribs between November 2017 and October 2018 in the
trauma unit of Tanta and Assiut university hospitals. The
study was carried out after approval from the Ethics
Committee of both hospitals, approval code 31821/10/17,
and was registered at Pan African Clinical Trial Registry,
no.PACTR201711002741378, on 02-11-2017. This trial was
conducted in accordance with the Declaration of Helsinki.

The patients were adequately informed of the study’s
purpose, technique, benefits, risks, and methods to over-
come these risks. A signed informed written consent was
obtained from all the patients who accepted to participate
in the study.

Patients excluded from the study included those with
known sensitivity to melatonin or pregabalin or any other
medicine, a history of drug dependency or substance addic-
tion, or a history of drug or alcohol abuse; those taking
opioids or sedative medications or with a history of taking
pregabalin or gabapentin; those suffering from pathological
rib fractures or kyphoscoliosis or from psychotic disorder or
cognitive impairment; those with a body mass index
(BMI) < 18.5 or >30 kg/m? or a history of cerebrovascular
disease, seizure disorders, or central nervous system dis-
eases; and those with coagulation disorders and local skin
infection at the side of injection.

Routine investigations, such as complete blood count,
kidney functions, arterial blood gases (ABG), and pro-
thrombin time/partial thromboplastin time, were conducted
immediately upon patients’ arrival to the trauma resuscita-
tion room. Noninvasive monitors, such as the electrocar-
diograph, noninvasive blood pressure (NIBP) monitor, and
pulse oximetry, were attached to each patient, and baseline
parameters, such as heart rate, mean arterial pressure, and
peripheral oxygen saturation (Spo,), were recorded.

Simple randomization using a randomization table
from a statistics book was done. The study participants
were randomly allocated to two groups: 40 patients each at
1:1 allocation ratio, using sealed opaque envelopes.

Placebo group included patients who received oral pla-
cebo tablets plus thoracic epidural analgesia. Melatonin
group included patients who received oral melatonin tablets
5 mg (brand name; N-acetyl-5-methoxytryptamine, pineal
hormone melatonin, and generic name: melatonin) plus
thoracic epidural analgesia.

Patients of both groups received 5 mg tablets (either
melatonin or placebo) about 1 hour before thoracic epi-
dural insertion and then every 12 hours till the cessation of
bupivacaine infusion.

In both groups, the thoracic epidural catheter was inserted
close to the middle level of the fractured ribs, patients in sitting
position, using an 18-gauge epidural needle for locating the
thoracic epidural space by loss of resistance to air technique.
Once the loss of resistance was identified, the depth of the
needle was recorded. Then, a 20-gauge multiple side holes
epidural catheter (B. Braun™) was inserted 5 cm after the loss
of resistance depth. Then, after securing the catheter in place,
a test dose (three mL of lidocaine 2% mixed with epinephrine
1:200,000) was given, and the patients were monitored for 3
minutes. Bupivacaine 0.25% (one mL/segment) was then
administered as a bolus, followed by continuous infusion of
bupivacaine 0.125% at a rate of 0.1 mL/kg/hour, if the test dose
was proven negative. All epidural catheters in both groups
were inserted by the same expert consultant of anesthesia.

At the high-dependency unit, bupivacaine infusion was
continued until complete and consistent pain relief was
achieved (2 recordings of VAS < 3). By this time, all the
patients had received diclofenac (1 mg/kg) and paracetamol
(1 gm) IV infusion every 8 hours and gradually tapered off the
local anesthetic infusion over a period of 12 hours to 24 hours.

Visual analog scale (VAS) pain score was recorded in
both groups at baseline before the administration of any
analgesic, 30 minutes after the epidural bolus of local
anesthetic, and then every 2 hours for the first 24 hours,
every 6 hours on the second day, every 12 hours on the
third day, and every 24 hours on the fourth and fifth days.
If the pain score exceeds 4 despite bupivacaine infusion,
rescue analgesia in the form of titrated bolus doses of
0.01 mg\kg morphine was administered slowly IV. SpO,
and arterial blood base analysis was done and PaO, and
PaCO,were recorded at baseline before administration of
any analgesic, after 1 hour, and every 6 hours for the first
24 hours .
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The mean infusion rate of the analgesic bupivacaine
controlling the pain, duration of infusion, total rescue
analgesia consumption, and complications such as drowsi-
ness (no eye opening in response to verbal commands),
dizziness, hypotension, bradycardia, dry mouth, and nau-
sea/vomiting were recorded.

The quality of sleep at night was reported by the patients
for 3 days, as very good, good, fair, bad, or very bad, using
the Consensus Sleep Diary.” The concept of the sleep diary
was explained to the patients in the preoperative period. They
were asked to fill in the self-assessment questionnaire pre-
operatively, on the night following the surgery, and 1 week
after the surgery, to be able to rate their sleep quality.

All measurement data were collected by a chief nurse
not involved in the study and blind to the medication used
in both groups.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS 22,
IBM, Armonk, NY, USA) was used in the statistical ana-
lysis of the measured data by unpaired ¢-test for parametric
data (expressed as a mean and standard deviation) and
Fisher’s exact test for categorical data (expressed as
a number and percent). The pain score, the response to
gag reflex, the degree of swallowing, and the guardians’
satisfaction were assessed by the Mann—Whitney test.
When the P-value was less than 0.05, the changes were
considered significant.

Results

A pilot study was conducted to assess the effects of pread-
ministration of melatonin before thoracic epidural analgesia
on the time for the first request for pethidine rescue analgesia
on 10 patients (not included in the final study) presenting
with multiple bilateral fractured ribs and the results were
encouraging in the favor of Melatonin group.

In the final study, we found that; preadministration of
melatonin significantly decreased the required total con-
sumption of morphine as rescue analgesia from 31.8 =+
1.41 mg to 13.03 £ 0.85 mg. Based upon these results, at
least 40 patients in each group were required to detect
a significant decrease in the required total consumption
of morphine as rescue analgesia, 18.77 mg at an a value of
0.05 and 90% power of the study.

A total of 89 patients were considered eligible for this
clinical study. However, 9 patients were excluded due to not
meeting the inclusion criteria (from the 9 patients, 5 had
a history of substance addiction, 3 had a history of taking

pregabalin or gabapentin, and 1 suffered from pathological
rib fractures). The remaining 80 patients were randomly
divided into two equal groups. Data from all patients were
successfully collected (Figure 1).

The mean age of our patients was 25.23 + 1.17 in the
Placebo group and 25.15 £ 1.15 in the melatonin group.
The majority of them were males, with no significant
difference between both groups in demographic data and
the number of fractured ribs (Table 1).

In both groups, there was an improvement in arterial oxy-
gen saturation (SpO,) and arterial oxygen tension (PaO,),
without a significant difference between both groups during
the first 24 hours after the start of bupivacaine infusion in the
thoracic epidural catheter (Table 2). Simultaneously, there was
a decrease in arterial carbon dioxide concentration (PCO,) in
both groups, without a significant difference between them
(Table 2).

The visual analog score improved significantly in both
groups with continuous infusion of bupivacaine, without
a significant difference between them (Figures 2 and 3).

Melatonin  administration was associated with
a significant decrease (P < 0.001) in the mean infusion
rate of bupivacaine required for controlling the pain, from
0.17 £ 0.014 mL/kg/hour in placebo group patients to 0.12
+ 0.001 mL/kg/hour in melatonin group patients. Also, the
duration of bupivacaine infusion in placebo group was
significantly shorter than that in melatonin group (96.48
+ 1.87 and 100.05 £ 3.39 hours, resp., P < 0.001), and the
required total morphine analgesia consumption signifi-
cantly decreased from 31.8 £ 1.41 mg in group I to
13.03 + 0.85 mg in group II (P < 0.001) (Table 3).

In the melatonin group, the majority of the cases
(52.5%) complained from nausea and vomiting, versus
only 15% in the placebo group, with a significant differ-
ence between both groups (P < 0.001). On the other hand,
the presence of other complications, such as bradycardia,
dry mouth, drowsiness, and dizziness, was comparable
between both groups (P =1.54, 1 and 1, resp.) (Table 4)

>In the placebo group, the majority of cases experi-
enced either poor or fair quality of sleep (12.5%) on the
first night. The percentage increased on the second and
third nights to 57.5% and 77.5%, respectively. However, in
the melatonin group, the majority of the cases (50%)
experienced fair sleep on the first night. On the second
night, the quality of sleep improved to good in 50%, and
on the third, 70% of the patients experienced very good
sleep (Table 5).
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Figure | Flow chart.

Discussion

Multiple pain relief treatment options are available.
However, recent studies show that NSAIDs increase the
risk of cardiac morbidity and stroke, in addition to well-
known adverse effects, such as renal failure and GI-tract
bleeding. Moreover, opioids increase the risk of adverse
effects, such as sedation, dizziness, postoperative nausea
and vomiting (PONV), urine retention, itching, and
respiratory complications.®’

Multimodal analgesia is the recommended analgesic
strategy, and so melatonin is a promising drug.® The pos-
sible mechanism and site of antinociception action of
melatonin, however, are not clear. Possible mechanisms

of action include controlling the pro-inflammatory

Analysed (n=40)
+ Excluded from analysis (give reasons)
(n=0)

mediator release, inhibiting the activation of nociceptor
receptor and subsequent pain perception in the brain, and
promoting sleep and improving its quality, which plays
a major role in modifying pain perception. Its action
mediated via glutamate, y-aminobutyric acid, opioid neu-
rotransmission, or melatonin receptor may also explain its
effect. Other alternative mechanisms include scavenging
free radicals or inhibiting nitric oxide synthase.'® Many
experimental studies have evaluated the antinociceptive,
antihyperalgesic, anti-inflammatory, and anti-allodynic
actions of exogenous melatonin.>'® Exogenous melatonin
was administered intraperitoneally, intrathecally, intrave-
nously, subcutaneously, and orally, in doses ranging from
0.1 to 300 mg/kg. Several pain models were employed,
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Table | Demographic Data in Both Groups

Variables Placebo Melatonin P value
Group Group

Age (y) 2523 + .17 25.15 £ .15 0.776

BMI (kg/m?) 254 £ 1.11 2538 + 1.13 0.921

Sex Male 32 (80%) 33 (82.5%) 0.775
Female | 8 (20%) 7 (17.5%)

ASA ASA | 22 (55%) 19 (47.5%) 0.655
ASA I 18 (45%) 21 (52.5%)

Fracture 3 ribs 33 (82.5%) 32 (80%) 0.775

ribs 4 ribs 7 (17.5%) 8 (20%)

mimicking clinical pain states, such as acute pain, inflam-
matory pain, and chronic neuropathic pain. It is concluded
that exogenous melatonin produced significant dose-
dependent antinociceptive effects in all presented experi-
mental models of pain.

At the level of physiological tests to assess pain, a double-
blind, randomized, placebo-controlled, dose-response experi-
mental study investigated the analgesic effect of exogenous
melatonin in humans.'" The study included 60 volunteers and
quantitative sensory testing (QST) was employed to measure
pressure pain threshold/tolerance and pain threshold/tolerance.
Sublingual melatonin (0.05 mg/kg; 0.15 mg/kg; 0.25 mg/kg)
or placebo was administered 30 min before test procedures.
QST-variables were significantly increased by exogenous mel-
atonin in a dose-dependent manner. Furthermore, melatonin
plasma levels were correlated to analgesic effects.

In our study, the analgesic benefit of melatonin was
obvious. Melatonin succeeded in decreasing the infusion
rate of bupivacaine, total hours of epidural injection, and
total morphine required as rescue analgesia. On the other
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Figure 2 The visual analog score in both groups: in the first 24 hours postoperative.

10~

B el L il

D2_6H D2_12H D2_18H D2_24H D3_12H D3_24H D4 D5

= Group TEA
Group TEA + Melatonin

Figure 3 The visual analog score in both groups (2-5 days) postoperative.

hand, the addition of melatonin had no role in the quality of
analgesia, as there was no difference in VAS score between
the groups in the recorded timelines of the first 3 days.

Table 2 Arterial Oxygen Saturation (SpO,), Arterial Oxygen Tension (PaO;), Arterial Carbon Dioxide Concentration (PaCO,)
During First 24 Hours After Start Bupivacaine Infusion in Thoracic Epidural Catheter

SpO, PaO, PaCO,
Placebo Melatonin P value | Placebo Melatonin P value | Placebo Melatonin P value
Group Group Group Group Group Group
Mean * SD | Mean * SD Mean * SD Mean * SD Mean * SD | Mean = SD
Before | 86.4 £ 2.5 86.6 £ 23 0.642 57.22 + 4.56 58.50 + 4.30 0.203 24.70 + 2.57 | 24.80 £ 1.99 0.848
I H 954+ 25 94.6 £ 2.3 0.165 75.88 + 10.88 75.90 £ 10.0 0.993 28.68 + 2,94 | 27.80 £ 1.99 0.128
6H 942 + 2.7 936 +23 0.291 79.90 + 11.42 79.63 £ 11.37 | 0914 32,63 £ 336 | 31.80 +2.43 0.218
12H 952 + 27 94.7 £ 2.4 0.392 84.34 + 11.20 80.63 + 10.32 | 0.129 32.63 £ 336 | 33.75 + 2.58 0.101
18 H 96.1 £ 2.8 95.7 £ 24 0.392 89.63 + 12.64 88.00 + 10.14 | 0.529 3458 £ 3.67 | 33.95 +2.25 0.101
24 H 99.1 £28 999 £ 2.6 0.223 105.78 £ 22.43 | 112.15 + 21.1 0.198 3458 £ 3.67 | 33.95 +2.25 0.367
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Table 3 Demographic Data, Total Rescue Analgesia Consumption,
Mean Infusion Rate of, and Duration of Bupivacaine Infusion

Variables Placebo Melatonin P value
Group Group
Mean infusion rate of analgesic | 0.17 + 0.014 0.12 £ 0.001 <0.001
bupivacaine controlling the pain
(mL/kg/hour)
Duration of infusion (h) 100.05 + 3.39 96.48 + 1.87 | <0.001
Total rescue morphine 31.8+ 141 13.03 £ 0.85 [ <0.001
consumption (mg)
Table 4 Complication in Both Groups
Complications Placebo Melatonin P value
Group Group
Drowsiness and dizziness | 0 1 (2.5%) |
Hypotension 0 0 -
Bradycardia 1 (2.5%) 1 (2.5%) 1.54
Dry mouth 0 1 (2.5%) |
Nausea/vomiting 6 (15%) 21 (52.5%) 0.0001

Till now, no study has evaluated the role of melatonin in
patients with multiple fractured ribs. On the other hand, many
studies have evaluated the perioperative use of melatonin
during a different surgical procedure. Also, a limited number
of randomized studies have indicated that exogenous melato-
nin can be administered as an analgesic treatment in complex
chronic pain states, such as fibromyalgia,'? cluster headache, '
endometriosis,"* and temporomandibular pain disorder."

From the perioperative surgical aspect, a randomized
placebo-controlled study was done on 52 patients adminis-
tered with 6 mg x 2 oral melatonin before open prosta-
tectomy. The study documented reduced intra- and
postoperative analgesic consumption and reduced post-
operative pain intensity ratings.'®

Similarly, two randomized studies, including 33 and 59
patients administered with 5 mg x 2 oral melatonin before
open hysterectomy, reported that melatonin reduced post-
operative analgesic consumption and postoperative pain

intensity ratings compared to placebo.'”'®

In ophthalmological procedures, a randomized study
including 40 patients, administered with 10 mg oral mel-
atonin, documented reduced intraoperative analgesic con-
sumption and reduced intra- and postoperative pain
intensity ratings compared to placebo."’

Another randomized placebo-controlled study includ-
ing 40 patients undergoing hand surgery, receiving 10 mg
oral melatonin, documented reduced intra- and postopera-
tive analgesic consumption and reduced intraoperative
pain intensity ratings.*

Finally, a randomized placebo-controlled study includ-
ing 53 patients undergoing laparoscopic cholecystectomy,
administered with 3 mg x 2 sublingual melatonin before
surgery, documented reduced intraoperative analgesic
consumption.?!

However, other randomized studies for different surgical
procedures did not document any clinical effects of exogen-
ous melatonin with respect to either analgesic consumption
or pain intensity ratings compared to placebo.?***

Khezri et al** and Naguib and Samarkandi®® have
observed that melatonin is a valuable anxiolytic without
observable analgesic properties. The study by Khezri**
was conducted on cataract surgery under topical and intra-
cameral anesthesia. Verbal pain score was assessed during
surgery and in the recovery room. On the other hand, the
study by Naguib and Samarkandi*® was conducted on the
laparoscopic gynecological procedures and was limited to
intraoperative fentanyl consumption and morphine con-
sumption in the recovery room.

In this study, although improvement in the PaO, over
the first 24 hours was convergent without a statistical
difference, it was attributed to the effective analgesia pro-
moting adequate breathing with effective coughing.
Consequently, improvement in carbon dioxide tension
and PH was convergent without statistical difference.

Surgery and tissue injury alter normal circadian pattern
of melatonin production. Using the Consensus Sleep Diary

Table 5 The Quality of Sleep of the Patients Assessed by Consensus Sleep Diary in Both Groups

Quality of the sleep Placebo Group Melatonin Group
Very Poor Fair Good Very Very Poor | Fair Good Very
poor good poor good
Number and Percentage of I'st night 5 (12.5) 15 (12.5) | 15(125) | 5(125) | O 0 20(50) 19(47.5) 1(2.5)
patients 2nd night 2 (5) 5(12.5) 23 (57.5) | 9 (225) | 1(2.5) 0 13(32.5) | 7(17.5) 20 (50)
3rd night 0 0 31 (77.5) | 5(125) | 4(10) 0 7(17.5) 5(12.5) 28(70%)

Note: Data were presented as percentage (%) and number.
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on the first three nights showed that the sleep quality was
obviously better in patients who received melatonin.

A recent meta-analysis’ investigated sleep latency,
overall sleep quality, and total sleep time in patients suf-
fering from primary sleep disorders. The analysis included
1683).
Patients received melatonin from 7 days up to 182 days

19 randomized placebo-controlled studies (n =

in doses ranging between 0.1-5 mg and 0.05-0.15 mg/kg.
Melatonin reduced the latency of sleep onset, improved
overall sleep quality, and increased the total sleep time.

Drowsiness and dizziness, the postulated side effects to
occur with the usage of melatonin, occurred only in one
patient from the melatonin group. However, it is not an
annoying side effect. Also, melatonin does not aggravate
hypotension and bradycardia, which may occur with TE.

A group of 120 patients scheduled for cesarean section
under spinal anesthesia were randomly divided into
3 groups—group M3 receiving sublingual melatonin
3 mg, group M6 receiving melatonin 6 mg, and group
P (placebo)—20 minutes before spinal anesthesia. There
were no significant differences between the three groups in
terms of side effects, either intraoperatively or postopera-
tively, including pruritus, nausea/vomiting, vertigo, dizzi-
ness, and respiratory depression.**

Some researchers have reported that premedication by
oral melatonin 3 or 5 mg can reduce the need for propofol
for induction and not increase the post-anesthesia recovery
stay period.”’

Limitations to our study include the small sample size
involved. As there are many dose regimens of primitive use
of melatonin as part of multimodal analgesia, we recom-
mend more studies to compare between different doses in
fractured ribs and to compare between the exclusive use of
melatonin and different methods to reach a satisfactory
patient outcome.

Conclusion
Based on the available evidence, melatonin had beneficial
effect in analgesia. It is a safe, available, and inexpensive
perioperative option for clinical practice. The premedica-
tion of patients with 5 mg melatonin has been associated
with prolonged analgesic effects of thoracic epidural com-
pared to placebo.

However, more studies are required to identify long-term
effects, such as incidence of chronic pain, and to evaluate its

value among patients undergoing thoracic surgery.
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