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Abstract

The aim of this study was to compare the effect of dexmedetomidine and fentanyl on
hemodynamic changes and block characteristics following spinal anesthesia with ropivacaine
among patients with femoral fractures undergoing lower limb surgery. In this double-blind
clinical trial, 64 patients who were candidates for lower limb surgery. Patients were divided into
two groups based on the block pattern. In the first group, dexmedetomidine was prescribed. In
the second group, fentanyl with ropivacaine was prescribed. Sensory and motor blocks at
or above the T8 dermatome in each group were measured. Furthermore, the sensory block was
evaluated every 1 minute after anesthesia with a needle (pin prick method) and also the motor
block was evaluated every 5 minutes by the bromage scale. There was a statistically significant
difference between the two groups in terms of the time for achieving sensory block to T8 or
higher dermatome (p = 0.0001). The time elapsed until the onset of motor block was shorter in
the dexmedetomidine group, and dexmedetomidine had a shorter time for achieving sensory
block to T8 or higher dermatome than fentanyl. A statistically significant difference was found
in terms of the time elapsed until the motor block and the time for achieving sensory block to the
T8 dermatome or higher (p <0.05). The time elapsed until the onset of motor block was shorter
in the dexmedetomidine group, and dexmedetomidine had a shorter time for achieving sensory
block to T8 or higher dermatome than fentanyl. Our findings revealed a statistically significant
difference in terms of the duration of sensory block for reaching the T12 to L1 dermatome and
the duration of obtaining bromide scores 0 and 1 (p = 0.0001). The time for achieving sensory
block to dermatome T12 to L1 and the time of obtaining bromage scales of 0 and 1 were longer
in dexmedetomidine group (p = 0.0001). Pain in dexmedetomidine group was less than fentanyl
group in 2 to 8 hours after surgery (p <0.05). The duration of analgesia was longer in the
0.001). In summary, it can be suggested that adding
dexmedetomidine to the anesthetic ropivacaine may be beneficial.
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characteristics.

Regional anesthesia or conduction anesthesia is a
common method of anesthesia in which only part of the
body intended for surgery is anesthetized.!” Spinal
anesthesia with spinal nerve block is performed in the
subarachnoid space by anesthetic solution as introduced
in 1898 by Bier.?> This method has advantages such as
rapid onset of action, less discomfort for the patient,
lower dose of the required drug and optimal sensory and
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motor block."* Dual alpha (2)-adrenergic agonist
receptors in the spinal cord improve postoperative pain.
Both dexmedetomidine and fentanyl are effective in this
area. There are different types of these two drugs, such as
oral, spinal, epidural, which increase the duration of
anesthesia of the spinal block.® Dexmedetomidine is an
Alpha-2 Adrenergic Agonists, the infusion of which
reduces heart rate, systemic vascular resistance, and
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blood pressure. It helps to stabilize the patient's
hemodynamic status and has a strong anesthetic and
analgesic effect, result in the reduction of the need for
opioids and their complications, leading reductio of the
stress response and improvement of the quality of
recovery.®’ The analgesic effects of dexmedetomidine
appear to be due to the activation of alpha2-adrenergic
receptor at the posterior horn surface of the spinal cord
and the inhibitory effect on the release of substance P.8
Fentanyl is 75 to 125 times more potent than morphine
and is used for analgesia and anesthesia in a variety of
ways. The faster onset of action of fentanyl than
morphine indicates its higher fat solubility, which
facilitates its passage through the blood-brain barrier
(BBB).?

In 2016, Andersen et al. 'reported that dexmedetomidine
had greater analgesia in the postoperative period and
longer duration of sensory and motor block with minimal
side effects. Studies on the effect of adding
dexmedetomidine on ropivacainehave shown that
dexmedetomidine was capable of increasing the duration
of the block and speeding up the onset of the block.!!
Jagtap et al. (2014)!? and Chaudhary et al. (2014)? stated
that fentanyl could increase the duration of motor block
in patients. Ropivacaine is short acting agent and has a
short onset effect like lidocaine, but the side effects of
lidocaine such as horsetail syndrome have not been seen
in ropivacaine, so its use is increasing day by day. On the
other hand, its onset of action is shorter than bupivacaine
and is very important in anesthesia.! Ravipati et al.
conducted a study comparing dexmedetomidine and
fentanyl with ropivacaine in lower limb surgery,’ where
high doses of dexmedetomidine were used. In our study,
this dose was reduced and we were looking for the drug
with the lowest dose and maximum effect. If a drug can
be found with minimal hemodynamic changes and
increased duration of block and pain, it can be used to
reduce pain and create more stable conditions during
anesthesia in the operating room. On the other hand, by
adding adjuvant to ropivacaine, in addition to starting its
good effect by using these two drugs, we also aimed to
achieve a suitable and good effect length and to provide
better analgesia for patients.

Therefore, we decided to conduct a study comparing the
effects of dexmedetomidine and fentanyl on
hemodynamic changes and block characteristics in spinal

anesthesia with pivocaine in lower limb orthopedic
surgery.

Materials and Methods

In this double-blind clinical trial study, 64 patients who
were candidates with femoral fractures undergoing lower
limb surgery were selected in Valiasr Hospital of Arak.
After obtaining informed written consent and having
inclusion criteria, they were included in the study.
Inclusion criteria included: 18-60 years old, American
Society of Anesthesiologists. (ASA) class of I and II,
patients of both sexes, candidates for orthopedic lower
extremity surgery, patient refuses to perform spinal
anesthesia, failure to perform spinal anesthesia, no
history of using beta-blockers and alpha-2 agonists and
calcium channel blockers, no cardiovascular problems,
no pregnancy, no coagulation disorders, no local
infection in the spinal area, no history of allergy to
dexmedetomidine and fentanyl and ropivacaine, no
arrhythmia, lack of mental and psychological problems,
lack of peripheral and central neuropathy. Exclusion
criteria were patient dissatisfaction, failure of the block,
surgeries of more than 120 minutes, patients who
developed cardio-respiratory arrest during the operation.
All patients were hospitalized for at least one day before
surgery and fasted for 8 hours.

After recording the demographic information, two
venous routes were installed in different places, one for
injecting the studied drugs and the other for prescribing
serum and other drugs. Before performing the procedure,
the number of heart rate and mean arterial blood pressure
(by NIBP) (non-invasive monitoring of arterial blood
pressure) and arterial blood oxygen saturation were
measured. In all patients upon arrival in the operating
room, 10 mL/kg Crystalloid serum (Ringer) was
administered in supine position. After receiving serum
and recording basic vital signs, patients were divided into
two groups based on a pattern block of 0.5 (Molten,
Italy). In the first group, dexmedetomidine (5
micrograms with ropivacaine (3-4 cc; 15-20 mg) (D) was
prescribed (Hospira, USA). In the second group, fentanyl
(F) in the amount of 20 micrograms with ropivacaine was
prescribed (3-4 mL; 15-20 mg) by spinal method in the
L3-L4 or L4.

In the first 15 minutes, mean arterial blood pressure, heart
rate and oxygen saturation percentage were recorded

Table 1. Comparison of mean and standard deviation of sensory block in the two groups.

Group Dexmedetomidine Fentanyl P value
Sensory block SD +Mean SD +Mean
Time elapsed until sensory block begins 1.25+0.567 1.59+£0.910 0.07
(minutes)
Time to reach the sensory block to the T8 or 5.43+3.13 9.71+£3.93 0.0001
higher dermatome
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every 5 minutes for both groups, and then at 30, 60, 45,
and 90 minutes in the operating room and in recovery by
anesthesia resident (hypotension < 20%; bradycardia <
45 beats per minute, and oxygen saturation < 92%). If the
conditions were stable, appropriate treatment was
performed and recorded.!

Sensory and motor blocks at or above the T8 dermatome
in each group were measured and recorded by an
anesthesia specialist. The sensory block was evaluated
every 1 minute after anesthesia with a needle (pin prick
method) and also the motor block was evaluated every 5
minutes by the bromage scale.!

Pain was measured based on VAS scale in recovery and
at 2, 4 and 8 hours after surgery by an anesthesia
specialist. In this scale, the number zero indicates the
lowest value and 10 indicates the highest value. Patients
were given 0.5 (mg/kg /IM) pethidine (meperidine) if
VAS was > 3 at any time after surgery, and the total
amount of drug administration and time of administration
were recorded.!* Besides, in addition to recording the
bromage scales of 0 and 1, the times for sensory block to
achieve T12 and L1 dermatome levels were recorded. If
there was complication such as nausea, vomiting,
wavering, bradycardia, hypotension, and dizziness, all
were recorded. Appropriate treatment was performed
according to the severity of the complication.

For conducting a double-blind study, the data were
measured and recorded by an anesthesia specialist who
was unaware of the groupings. Preparation of drugs in
each group was done by an anesthesiologist. A specialist
performed a spinal block who was unaware of the
medications in each syringe. Then the data were analyzed

by Statistical Package for the Social Sciences (SPSS)
software version 20.

Results

In this double-blind clinical trial, 64 patients who were
candidates for orthopedic femoral surgery in the lower
extremity under spinal anesthesia were randomly divided
into two groups including dexmedetomidine and
fentanyl. The minimum age was 18 years and the
maximum was 60 years. The mean total age was
49.64+13.6136 years. In general, study population
consisted of 27 (42.2%) females and 37 (57.8%) males.
The duration of surgery and the percentage of oxygen
saturation and heart rate were not statistically significant
between the two groups (p<0.05) (Figure 1). The mean
duration of surgery was 115.23+11.14 minutes.

Based on the data presented in the Table 1, a statistically
significant difference was found between the two groups
in terms of blood pressure from 45 to 120 minutes after
the start of surgery (p <0.05). Blood pressure was lower
in the dexmedetomidine group than in the fentanyl group.
According to the results of the two groups, no statistically
significant difference was found in the time elapsed from
application of spinal anesthesia, until the sensory block
(p =0.07). There was a statistically significant difference
between the two groups in terms of the time for achieving
sensory block to T8 or higher dermatome (p = 0.0001).
The time of getting to the T8 or higher dermatome was
also found to be shorter in the dexmedetomidine group
than in fentanyl.
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Fig 1. Comparison of mean and standard deviation of blood pressure in the two groups.
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Table 2. Comparison of mean and standard deviation of motor block in the two groups.

Variable Dexmedetomidine  Fentanyl P value
Motion block SD +Mean SD +Mean
Time elapsed until the start of the movement block 2.15+1.48 3.03+1.75 035/0
(minutes)
Time to reach the motor block up to the T8 6.12+4.32 9.43+£5.61 01/0
dermatome or higher

A statistically significant difference was found in terms
of the time elapsed until the motor block and the time for
achieving sensory block to the T8 dermatome or higher
(p <0.05). The time elapsed until the onset of motor block
was shorter in the dexmedetomidine group, and
dexmedetomidine had a shorter time for achieving
sensory block to T8 or higher dermatome than fentanyl
(Table 2).

Our findings revealed a statistically significant difference
in terms of the duration of sensory block for reaching the
T12 to L1 dermatome and the duration of obtaining
bromide scores 0 and 1 (p = 0.0001). The time for
achieving sensory block to dermatome T12 to L1 and the
time of obtaining bromage scales of 0 and 1 were longer
in dexmedetomidine group (Table 3).

According to the results, there was a statistically
significant difference between the two groups in terms of
pain 2 to 8 hours after surgery (p <0.05).

No statistically significant difference was found between
the two groups in terms of drug use during 24 hours (p =
0.297) (Table 4).

Furthermore, a statistically significant difference was
found between the two groups in terms of duration of
analgesia (p = 0.001). The duration of analgesia was
longer in the dexmedetomidine group (Table 4).

Discussion

In this double-blind clinical trial, 64 patients, who were
candidates with femoral fractures undergoing lower limb
surgery, were randomly divided into two groups
including dexmedetomidine and fentanyl. There was no
statistically significant difference between the two
groups in terms of heart rate, oxygen saturation
percentage, duration of surgery and average drug

consumption, time elapsed until sensory block (p <0.05).
The time for achieving sensory block to T8 or higher
dermatome in the dexmedetomidine group was shorter
than fentanyl (p = 0.0001). The time elapsed until the
onset of motor block was found to be shorter in the
dexmedetomidine group and dexmedetomidine had a
shorter time for achieving sensory block to T8 or higher
dermatome, when compared with fentanyl (p <0.05). The
duration of sensory block for reaching the T12 to L1
dermatome and the duration of obtaining bromide scores
of 0 and 1 were longer in the dexmedetomidine group (p
=0.0001). Pain in dexmedetomidine group was less than
fentanyl group in 2 to 8 hours after surgery (p <0.05).

The duration of analgesia was longer in the
dexmedetomidine group (p = 0.001). In general, pain,
time elapsed to the onset of motor and sensory block,
time for achieving motor block to T8 dermatome were
also found to be less in dexmedetomidine group. The
time for achieving sensory block to TI2 and L1
dermatomes and the time of obtaining bromage scales (0
and 1) was found to be longer in dexmedetomidine group.
Dexmedetomidine helps to stabilize the patient's
hemodynamic status and has a strong anesthetic and
analgesic effect that reduces the need for opioids, their
complications and the stress response, while is able to
improve the quality of recovery.” The analgesic effects of
dexmedetomidine appear to be due to the activation of
alpha2 adrenergic receptors on the posterior horn surface
of the spinal cord and the inhibitory effect on the release
of substance P} Radbin et al.® administered a
combination of Ketamine with bupivacaine epidurally for
pain management in femoral fractures. They stated that
the effect of dexmedetomidine was greater than that of
ketamine, where it was capable of the prolonging

Table 3. Comparison of mean and standard deviation of block quality in the two groups.

Dexmedetomidine fentanyl P value
Group SD +Mean SD +Mean
Block quality
Duration of sensory block reaching 207.00+£22.96 171.124+40.85 0001/0
dermatome T12 to L1
Time to get Bromide score 0 and 1 201.154+24.19 169.84+40.02 0001/0
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analgesia. Despite the differences in the drugs used and
the type of analgesia, their results were in consistent with
our study and the duration of analgesia was found to be
longer in the dexmedetomidine group. Taher-Baneh et al.
performed spinal anesthesia in lower limb surgery, where
the duration of sensory and motor block was high in the
dexmedetomidine and fentanyl groups, and pain was also
reduced in both groups, although fentanyl was more
effective than dexmedetomidine.’

In our study, dexmedetomidine was more effective,
which could be due to the dose of fentanyl. 20 pg of
fentanyl was given in our study while Taher-Baneh et al.
prescribed 25 pg of fentanyl with bupivacaine.
Rahimzadeh et al. reported that dexmedetomidine was
capable of increasing the duration of sensory, motor
block, and the duration of analgesia, and reducing pain.?
Our results are in line with those study. Kamali et al.,

2018 evaluated the tramadol and dexmedetomidine for
postoperative pain with spinal anesthesia. They stated
that there was no difference between tramadol and
dexmedetomidine and both were more effective than
placebo in managing pain.!® Their results were different
from our study, which could be due to differences in the
drugs used in the two studies.

A study by Andersen et al., 2017, assessed the effective
mechanism of dexmedetomidine when added to
ropivacaine as an adjuvant. They indicated that
dexmedetomidine was capable of increasing block
duration.!® The results of our study were consistent with
Andersen et al. (2017)'° and Ravipati et al. (2017)°
showed a study to compare dexmedetomidine and
fentanyl with ropivacaine in lower limb surgery. They
stated that dexmedetomidine increases the duration of
block and early onset of sensory and motor block, where

Table 4. Comparison of mean and standard deviation of drug use and analgesia duration in the two groups.

Group Dexmedetomidine Fentanyl P value
Variable SD +Mean SD +Mean
Drug use (mg) 7.37+£3.12 9.15+5.31 297/0
Drug use (mg) 7.61£1.20 6.00+2.22 001/0
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there was no need for sedation during surgery.’ The
results of Ravipati et al.'s study were consistent with our
study. The time for achieving sensory block to the T12
and L1 dermatome levels and the time of obtaining
bromage scales of 0 and 1 were longer in
dexmedetomidine group.

In other research by Hu X et al., (2016)'* aimed at adding
dexmedetomidine to a mixture of lidocaine and
ropivacaine to increase block duration. They showed that
the addition of dexmedetomidine to lidocaine and
ropivacaine increased the duration of sensory and motor
blocks and accelerated them.!* The results of
abovementioned study were consistent with our study. In
another study by Sharma et al., 2016, evaluated the effect
of adding dexmedetomidine to ropivacaine 0.2% for
femoral block. They stated that the addition of
dexmedetomidine was able to increase the duration of
postoperative analgesia and the duration of the block.'®
The findings of the study by Sharma et al. were in line
with our study. In a study by Jagtap et al. 2014, conducted
a comparing ropivacaine-fentanyl and bupivacaine-
fentanyl for lower extremity surgery. They stated that
ropivacaine was capable of reducing the duration of
motor block and that the other factors were not different
in the two groups.'? Fentanyl was also effective in our
study, but the effect of dexmedetomidine was greater.
Chandhuri et al., 2014 reported the effects of ropivacaine
and fentanyl, where adding fentanyl to ropivacaine had
the benefit of increasing the duration of motor block and
did not alter hemodynamic conditions and
complications.!* Fentanyl was also found to be effective
in our study, but the effect of dexmedetomidine was
found to be greater.

In conclusion, based on the data presented herein, pain,
time elapsed to the onset of motor and sensory block,
time for achieving motor block to T8 dermatome level
were found to be less in the dexmedetomidine group.
The time for achieving sensory block to T12 and LI
dermatome levels and the time of obtaining bromage
scales (0 and 1) were recorded to be longer in
dexmedetomidine group. Thus, it can be suggested that
adding dexmedetomidine to the anesthetic ropivacaine
may be beneficial.
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