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ABSTRACT
Background: Co-administration of drugswith synergistic effects is considered as one of themeth-
ods to increase the effectiveness of intrathecal anesthesia and to reduce the need for injectable
analgesics. The purpose of this study was to investigate the efficacy of intrathecal midazolam on
enhancing the analgesic effect of fentanyl in patients undergoing lower limb surgery. Materi-
als: The present double-blinded clinical trial was conducted on 90 candidate patients undergoing
lower limb orthopedic surgery in 2017 at Khatam-Al-Anbiya Hospital in the city of Zahedan, Iran.
To this end, the patients were selected via convenience sampling method and then randomly di-
vided into three groups. Afterwards, 3 cc of 0.5% hyperbaric Marcaine was injected intrathecally in
the first group, 3 cc of Marcaine + 25 µg of fentanyl was administered to the second group, and
3 cc of Marcaine + 25 µg of fentanyl + 1 mg of midazolam was administered to the third group
(the final volume of all three syringes was brought up to 3.7 cc with normal saline). The duration of
sensory nerve block and those of motor block and analgesia, as well as changes in vital signs, were
then measured in these groups. Moreover, the data were analyzed using SPSS Statistics (Version
22.0) through Chi-square test and one-way analysis of variance (ANOVA). Results:The mean age
and gender distribution of the patients in the three study groups did not differ significantly. The
mean duration of sensory nerve block was equal to 98.6±11.1 min in the first group, 142.2±12.4
min in the second group, and 174.3±10.9 min in the third group; all showed a statistically signifi-
cant difference (P=0.0001, P=0.001, P=0.000).The mean duration of analgesia was also reported to
be 204.43±0.3 min in the first group, 323.62±7.4 min in the second group, and 526.22±0.9 min
in the third group, indicating a statistically significant difference between the three study groups
(P=0.0001, P=0.000, P=000). Conclusion: The results of this study demonstrated that adding mi-
dazolam to intrathecal fentanyl could significantly increase the duration of sensory nerve block and
that of post-operative analgesia.
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INTRODUCTION
Post-operative pain is considered as one of the com-
mon problems in patients. Failure to control pain
can thus result in physiological complications, such
as hypertension, tachycardia, cardiac dysrhythmia,
and even cardiac ischemic events 1,2. One of the
most effective procedures to relieve post-operative
pain is systemic opiate injection 3. Given that injec-
tion of systemic intravenous analgesics leads to exten-
sive side effects, including hypotension, respiratory
arrest, pruritus and urinary retention 4, the use of cen-
tral nervous block is thought to be an appropriate ap-
proach to control pain in patients undergoing lower
limb surgery 1. This method is a type of regional anes-
thesia in which drugs are injected into the subarach-
noid space. Therefore, adding low doses of fentanyl to
an anesthetic agent may increase the duration of the
sensory nerve block and that of the analgesia follow-
ing surgery. However, it can also cause complications,

such as pruritus and respiratory depression 5. How-
ever, a combination of drugs with synergistic effects
can enhance the anticipated impacts, and the patient
may suffer from fewer side effects due to insignificant
concentrations of each drug 6.
Following the use of intrathecal midazolam for pro-
longation of spinal anaesthesia, in vitro autoradiog-
raphy has shown a high density of benzodiazepine
(GABAA) receptors in Lamina II of the dorsal horn
of the human spinal cord, suggesting a possible role
of midazolom in pain modulation 7. Intrathecal mi-
dazolam also causes the release of an endogenous opi-
oid, which acts on the spinal delta receptor 8. Various
studies have found that adding midazolam to bupiva-
caine increases the duration of post-operative analge-
sia in a significant manner 9. However, a study con-
ducted by Kim et al. compared various doses of in-
trathecal midazolam (1 mg and 2 mg plain 0.5% hy-
perbaric bupivacaine). They found that the duration
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of the first analgesia was significantly greater in the in-
trathecal group, compared with the plain bupivacaine
group, and was even higher for the 2 mg group 10.
Overall, the purpose of this study was to investigate
the efficacy of using intrathecal midazolam on en-
hancing the analgesic effect of fentanyl in patients
with lower limb surgery.

METHODS
Study Design, Ethical Considerations, and
Patients
This study was approved by the Vice-Chancellor’s
Office for Research and Technology and the
Ethics Committee at Zahedan University of
Medical Sciences (Iran). The study had a code
number of IR.ZAUMS.REC.1395.31 and was reg-
istered in the Iranian Registry of Clinical Trials
(IRCT2017030732923N1). Informed consent was
obtained from the patients. This double-blinded
clinical trial was conducted on patients admitted for
lower limb orthopedic surgery at Khatam-Al-Anbiya
Hospital in Zahedan, Iran in 2017.

Sample Size andRandomization
The sample size was estimated to be 90 patients ac-
cording to previous studies and given the results of the
formula for calculating sample size 11,12. The patients
were also randomly divided into three groups of 30
individuals after their recruitment in the study, based
on the inclusion criteria.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: patient age be-
tween 20-60 years and indications of lower limb or-
thopedic surgery. Inclusion criteria also consisted of
no drug addictions, no history of chronic pain syn-
drome, no active central nervous system disorders,
no psychiatric disorders, no catheter-associated infec-
tion, no coagulation disorders (hemophilia, dissemi-
nated intravascular coagulation, idiopathic thrombo-
cytopenia, and abnormal coagulation), no spinal ab-
normalities, and no analgesics within the last 6 hours.
Patients were excluded if their surgery lasted for more
than three hours with inadequate spinal anesthesia
after administration of the medication, and were in
need of supplementary or alternative anesthetics.

Interventions
After inclusion of the patients in the study, the re-
search methodology and assessment of pain intensity
by the visual analog scale (VAS) were explained to
them the day before the operation by an anesthetist.

The patients were also randomly divided into 3 study
groups. At the time of the surgery, an angiocath (20G)
was fixed in the left antecubital space for all patients
and infusion of Ringer’s lactate solution began with 5
cc/kg. Non-invasive cardiac rhythmmonitoring, arte-
rial oxygen saturation, blood pressure, andmean arte-
rial pressure (MAP)were alsomeasured by amonitor-
ing device (Sazgan Gostar, Iran). Then, the patients
were placed in their left lateral recumbent position
and the spinal needle (25G) was placed in the L3-L4
or L4-L5 interspace in the subarachnoid space using
aseptic technique andmidline approach. Next, 3 cc of
0.5% hyperbaric Marcaine was injected intrathecally
in the first group (B), 3 cc of Marcaine + 25 µg of fen-
tanyl was administered in the second group (BF), and
3 cc of Marcaine + 25 µg of fentanyl + 1 mg of mi-
dazolam was prescribed for the third group (BFM),
with the final volume of all three syringes reaching
3.7 cc by addition of normal saline (Bupivacaine: As-
traZeneca, Sweden; Fentanyl: Aburaihan Pharmaceu-
tical Co., and Midazolam: Darou Pakhsh Pharma-
ceutical Co., Iran). To meet the purpose of blinding,
the drugs used in each of the three study groups were
prepared by the researcher and presented to an anes-
thetist, who was unaware of the study, to be injected.
After taking themedications, the patients were placed
in the supine position. Following anesthetizing at
the T10 level, the time was recorded for each patient
in pre-designed forms. Surgery was also carried out
by the same surgical team. During the surgery, pin-
prick test was performed for patients every 10 min-
utes. If anesthesia was not adequate, general anes-
thesia would be performed immediately and the pa-
tients were excluded from the study.The vital signs of
the patients were monitored at minutes of 0, 5, 10, 15,
20, 25 and 30, and subsequently recorded. After the
surgery, the patients were transferred to the recovery
ward. When the sensation returned to the T12 level,
the time was recorded for each patient, and the pa-
tient was transferred to the orthopedic surgical ward.
The duration ofmotor blockwas also considered from
the onset of anesthesia until the first time the patient
was able to move the lower limb. The patients” pain
intensity was measured by the VAS in the ward by a
trained nurse who was unaware of the allocation sta-
tus of patients in the groups. At each stage, 100 mg of
diclofenac suppository would be prescribed if the pa-
tient obtained the VAS score over 3. The duration of
analgesia was considered from the onset of anesthesia
to the first pain relief and analgesic administration.
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Statistical Analysis
The data were analyzed using the SPSS Statistics
software (Version 22.0) via descriptive statistics,
Chi-square test, and one-way analysis of variance
(ANOVA).

RESULTS
Themean age of the patients participating in the study
was 32.8±9.9 years. As well, the gender distribution
of the patients included 67 (74.4%) male patients and
23 (25.6%) female individuals (Figure 1).
The mean age was 33.7±9.9 years in the first group
(B), 32.9±10 years in the second group (BF), and
31.7±10.2 years in the third group (BFM). There was
also no statistically significant difference between the
three study groups. (P=0.717). The first group (B) in-
cluded 24 male patients (80%) and 6 female individu-
als (20%), the second group (BF) consisted of 21males
(70%) and 9 females (30%), and the third group was
comprised of 22 male individuals (73.3%) and 8 pa-
tients (26.7%). No statistically significant difference
was observed between the three study groups consid-
ering gender distribution (P=0.664).
From the results of the statistical analysis, using one-
way ANOVA, the time to start sensory nerve block
was not significant differently between the first (B)
and second (BF) groups, between the first (B) and the
third (BFM) groups, and between the second (BF) and
the third (BFM) groups (P=0.698, P=0.621, P=0.314).
Moreover, from the results of the analysis for the time
to start motor block, the three groups showed no sig-
nificant difference (P=0.126, P=0.224, P=0.635).The
comparison of duration of sensory nerve block also
revealed a significant difference between the three
study groups (P=0.0001, P=0.001, P=0.000) (Table 1).
From comparing the duration of motor block in the
three study groups using one-way ANOVA, a sig-
nificant difference was reported between the three
groups (P=0.0001, P=0.000, P=0.001) (Table 1).No-
tably,there was a significant difference in the duration
of analgesia between the 3 study groups (P=0.0001,
P=0.000, P=000).
The changes in theMAPwere 77.8±4.9mmHg in the
first group (B), 78.9±3.3 mmHg in the second group
(BF), and 78.3±5.9 mmHg in the third group (BFM).
No statistically significant differences were observed
between the 3 groups (P=0.640) (Figure 2).
The mean heart rate change was 76.9±7.1 bpm in the
first group (B), 75.2±2.5 bpm in the second group
(BF), and 75.3±5.1 bpm in the third group (BFM).
There was no statistically significant difference be-
tween or among the three study groups (P=0.360)
(Figure 3).

DISCUSSION
The results of this study showed that adding midazo-
lam to intrathecal anesthesia could increase the dura-
tion of sensory nerve block and those of motor block
and analgesia without any complications. In line
with these results, Gupta et al. investigated the addi-
tion of midazolam to fentanyl in the intrathecal anes-
thesia in patients with lower limb surgery; they re-
ported that adding midazolam to intrathecal anesthe-
sia could improve the duration of themotor block and
that of analgesia without any hemodynamic compli-
cations.In concordance with the results of this study,
it should be noted that the start times of the sensory
nerve block and motor block was measured for pa-
tients, and a very slight difference was observed; how-
ever, no significant difference was reported between
the groups 1. The basis of using intrathecalmidazolam
is that the GABAA receptor agonist is located in the
binding site of benzodiazepines, and the agonist satu-
ration of the binding site of benzodiazepines increases
GABA activity in the GABAA receptor. This recep-
tor is a chloride ionophore that maintains the poten-
tial of the membrane at or near the resting potential
when activated and consequently reduces neuronal
excitability. Some drugs also have systemic absorp-
tion, increasing the duration of sensory nerve block,
motor block and analgesia afterwards 13. In this re-
gard, Cox et al. suggested that administering intrathe-
cal midazolam could target different intrathecal re-
ceptors, which could increase the duration of analge-
sia and lead to its better quality.
The mentioned study was conducted in vitro and in
vivo animal conditions and it was mostly used to ex-
amine the effect of the drug on the opioid receptors
in the body 14.Contrary to the results of this study,
Kim et al. reported that the use of midazolam in the
intrathecal anesthesia could reduce the onset of the
sensory nerve block, but changes in other variables of
the duration of sensory nerve block, motor block, and
analgesia were similar to those in the current study.
The main difference between the results of the two
investigations was that the mentioned study did not
use fentanyl and compared only two different doses (1
and 2 mg) of midazolam with the control group.They
stated that the number of complications and the time
of the blocks in the two doses did not differ statisti-
cally but they were different from the control group 10.
Contrary to the results, Francis et al. indicated that
the addition of midazolam to fentanyl had no effect
on intrathecal anesthesia and could not improve pa-
tients’ durability of the sensory nerve block as well as
the duration of the motor block and analgesia.
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Figure 1: Frequency distribution of research subjects. Most of the patients were between the ages of 20 
and 30 years. This age distribution was close to each other and did not show any significant difference.

Table 1: Comparison of time/duration of spinal block variables (minute)

Variables First group (B) Second group (BF) Third group (BFM)

Time to start sensory nerve
block (minute)

13.08±3.1 11.31±2.04 11±1.18

Time to start motor block
(minute)

15±2.8 13.1±1.06 12±0.8

Duration of sensory nerve
block (minute)

98.11±6.1 142.12±2.4 174.10±3.9

Duration of motor block
(minute)

86±140.3 125.7±9.4 157.3±9.9

Duration of analgesia
(minute)

204.43±0.3 323.63±7.4 526.82±0.9

The dosage of drugs used in their study slightly varied
with that injected in the present study. They used 20
µg of fentanyl and 2 mg of midazolam, which could
not account for the difference in the results of the
two studies 3.Routray et al. also reported that adding
clonidine to fentanyl in the intrathecal anesthesia
could increase the duration of post-operative analge-
sia. Although the type of medications used in these
two studies was completely different, it was concluded
that the addition of another drug to fentanyl could
enhance its effects and even be useful in controlling
post-operative pain 15.Singh et al. also compared the

addition of two different doses of fentanyl, and cloni-
dine to bupivacaine, in intrathecal anesthesia and re-
ported that both doses could reduce the duration of
anesthesia better than that of the control group, and
increases the duration of sensory nerve block, motor
block, and analgesia following surgery 16.
Moreover, Tucker et al. used a combination of 2 mg
of midazolam and 10 µg of fentanyl to control labor
pain and reported that the given method could more
effectively control pain. Although patients and doses
were different, the results were the same 17. Abdollah-
pour et al. also argued that addition of midazolam
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Figure 2: Comparison of MAP changes in the three study groups. Immediately after spinal anesthesia, the
mean arterial pressure dropped significantly in all three groups. And then, in all three groups, there was a rising
trend. In the BFM group, the mean arterial pressure was better than the other two groups, but there was no
significant difference between the three groups.

and sufentanil in the intrathecal anesthesia in elective
Cesarean-section could reduce the onset of anesthe-
sia and increase the duration of analgesia, but it did
not change during motor recovery. The use of sufen-
tanil similarly increased the time of the first request
for analgesic administration, but none of the drugs
had an impact on the incidence of Apgar score of new-
borns. Moreover, increased chills were observed in
women. Although midazolam reduced hypotension
and nausea, the results of the above study were in line
with the findings of our present study.
Since the use of midazolam in different patients has
little side effects, it could be used with confidence in
the intrathecal anesthesia 18. Safari et al. also inves-
tigated the effect of using fentanyl and midazolam
on intrathecal anesthesia in drug-dependent patients
versus controls receiving bupivacaine alone; they re-
ported that the duration of sensory nerve block was
longer in both fentanyl and midazolam groups than
that in the control group, although this was longer in
the midazolam group.

Unlike the present study, there was a consensus on
the increase in the duration of sensory nerve block,
even if fentanyl and midazolam were not used in the
mentioned study. Given the fact that the patients were
drug-dependent, the likelihood of drug use syndrome
could justify different results 11. In the study by Fran-
cis et al., the duration of sensory nerve block and anal-
gesia were longer in the group receiving midazolam
than that in the fentanyl group. This study used 2 mg
of midazolam, which was twice as high as the dose
administered in this study. The dose of fentanyl used
was 20 µg, which was less than what is employed in
the present study 3. Furthermore, there was no signif-
icant difference in heart rate and MAP between the
groups. The vital signs showed no significant changes
in previous studies by adding fentanyl, midazolam, or
clonidine to bupivacaine to our journey 1,15,19. One of
the limitations of this study was the type of orthope-
dic injury severity in patients was not the same and
this could be effective at the onset of the patient’s pain
and distort the results.
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Figure 3: Comparison of heart rate changes in the three study groups. The first time after spinal anesthesia,
in the first and second group, the heart rate increased and in the first group, this increase continued until the 15th
minute after the study but after that, the heart rate of the patients was close to the three groups.

CONCLUSION
The present study demonstrated that a combination
of midazolam to fentanyl could significantly reduce
duration of sensory nerve block and those of motor
block and analgesia after surgery, but no complica-
tions for the patients were observed.
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