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Background: Intrathecal adjutants can be used for regional anesthesia (RA) in cesarean section to improve its quality in terms of time and 
complications. Some previous studies focused on the effects of adding sufentanil and/or midazolam to bupivacaine and compared each 
with using bupivacaine alone. However, there has been no study to assess the effects of using sufentanil and midazolam in combination 
with bupivacaine.
Objectives: The aim of this study was to evaluate and compare properties (time of achievement/recovery of sensory/motor blocks; and 
time to request opium), complications (nausea, vomiting, shivering and hypotension), and neonatal first minute Apgar score with and 
without the addition of midazolam (M) or sufentanil (S) to bupivacaine (B) through intrathecal injection for spinal anesthesia, after the 
cesarean section.
Patients and Methods: In this double blind randomized clinical trial participants were randomly allocated to three equal groups: 
Group B (2.5 cc of bupivacaine 0.5% + 1 cc normal saline 0.9%), Group BM (2.5 cc of bupivacaine + 0.02 mg/kg midazolam) and Group BS 
(2.5 cc of bupivacaine 0.5% + 0.7 cc normal saline 0.9% + 1.5 µg of sufentanil, 0.3 cc). We used analysis of variance (ANOVA), post hoc test 
with Bonferroni adjustment, and chi-square test for statistical analysis; the analyses were performed using the SPSS-16 software. Given a 
significant level of 0.05, overall and pair-wise comparisons were made.
Results: Seventy-five females participated in the study with no significant age difference (mean ± standard deviation (SD): 28.60 ± 6.06, 
28.12 ± 5.29 and 28.76 ± 3.97 year; P = 0.9). Except for “time to motor block recovery” (P = 0.057), the overall differences among the three 
groups was significant in terms of “time to sensory/motor block” (P < 0.001), “time to sensory block recovery” (P < 0.001), and “time to 
request opium” (P < 0.001). In all pair-wise comparisons there was no significant difference between the BM and BS group, except for “time 
to request opium”, which was longer in the BS group (P < 0.001). The occurrence of nausea (P = 0.02), postoperative shivering (P = 0.01) 
and hypotension (P < 0.001) were significantly different between the groups, unlike vomiting, where the difference was not significant (P 
= 0.2). All neonates had an Apgar score of nine.
Conclusions: The findings showed that adding sufentanil or midazolam to bupivacaine shortens the onset of spinal anesthesia and 
increases the time duration of anesthesia; however it does not change the motor block recovery time. Adding sufentanil delays the first 
request for narcotic analgesics while adding midazolam leads to a decrease in nausea and hypotension. Adding sufentanil or midazolam 
does not have any deleterious effect on infants’ Apgar scores. However, increases shivering in patients.
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1. Background
The number of cesarean surgeries, especially in devel-

oped countries, has increased over the past two decades 
and this highlights the role of anesthesia in gynecologic 
and obstetric surgeries (1). Recently, there has been in-
creasing tendency towards using regional anesthesia 
(RA) in cesarean section, which is associated with a re-
duction in the use of general anesthesia (GA). Because 
most pregnant women prefer to be awake and conscious 
during delivery and since RA may be considered as a safer 
method than GA, nowadays local blocks in cesarean deliv-
ery is used more commonly (2). Regional Anesthesia tech-
niques have had great advances such as the reduction of 
the likelihood of errors; these techniques also lead to 

less bleeding than the surgery under GA. Although there 
are several different techniques for RA, spinal anesthe-
sia is the easiest and the most economical compared to 
other methods. During spinal anesthesia there is a very 
low chance of pharmaceutical intoxication and the least 
amount of drug is transferred to the fetus. 

There are many drugs for spinal anesthesia, each hav-
ing its own advantages and disadvantages. The most 
commonly used drug for spinal anesthesia is bupiva-
caine, with a maximum effect time of 75 to 150 minutes. 
Although spinal anesthesia causes a proper height of an-
algesia up to the fourth thoracic vertebrae, patients may 
feel pain during surgery. During the postoperative peri-
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od, when the analgesic effect of local anesthetic drug is 
vanished, patients usually feel severe pain (3). Adjuvants 
in intrathecal analgesic injections and consumption of 
sedatives after the operation are associated with various 
risks and may be dangerous. Delayed effect and insuffi-
cient analgesic effect are among problems, which may 
occur when using bupivacaine alone for anesthesia (3, 4).

The addition of different drugs to reduce the adverse ef-
fects of anesthetic solution has been previously studied. 
There are benzodiazepine receptors throughout the ner-
vous system, including the spinal cord, which show con-
nections with gamma-aminobutyric acid (GABA) receptors 
(5). Midazolam is one of the drugs, which is categorized un-
der the benzodiazepine group of drugs. This drug is used 
as a preoperative sedative or as a sleep medication during 
operations, and as a sedative drug during delivery, while it 
does not have analgesic effects (6); however, in some recent 
studies on intrathecal anesthesia, the drug has shown clear 
analgesic effects (7, 8). Various studies have found that add-
ing midazolam to bupivacaine significantly increases the 
duration of postoperative analgesia (9). Sufentanil is an-
other narcotic, which is a synthetic drug soluble in fat and 
is short-acting (10). Adding narcotics to spinal anesthetic 
drugs was first examined in 1979 through adding mor-
phine to spinal anesthesia. Since morphine was soluble in 
water and had a long-acting effect, one of the major com-
plications was delayed respiratory depression. Consider-
ing the fact that sufentanil is less soluble in water and has a 
short-acting effect while its effect starts quickly, it is a more 
useful and safer drug for spinal anesthesia (11, 12).

In this study, we conducted a clinical trial to examine 
the effect of adding midazolam and sufentanil to bupi-
vacaine, through intrathecal injection for spinal anesthe-
sia, on likely maternal and neonatal complications.

2. Objectives
The aim of the present study was to evaluate and com-

pare various properties (time to achieve/recovery of sen-
sory/motor blocks; and time to request opium), complica-
tions (nausea, vomiting, shivering and hypotension), and 
neonatal first minute Apgar with and without adding mid-
azolam or sufentanil to bupivacaine, through intrathecal 
injection for spinal anesthesia after cesarean section.

3. Patients and Methods
This study was a double blind randomized con-

trolled clinical Trial (RCT), registered with the code of 
IRCT2013052813488N1 in the Iranian registry of clinical trial. 
Prior to undertaking any action, the procedure of the proj-
ect was approved by the ethics committee of Semnan Uni-
versity of Medical Sciences. The study population consisted 
of female volunteers for undergoing elective caesarean 
section admitted to Amir-Al-Momenin hospital of Semnan 
(Iran), during years 2012 and 2013. In this study we used the 
convenient sampling method, thus eligible mothers who 
were willing and consented to participate were enrolled in 

the study. In this study, the sample size was determined as 
25 participants for each group regarding the occurrences 
of complications (nausea and vomiting) of spinal anes-
thesia in cesarean section according to the results of the 
study by Rasooli et al. (2009) (13); in which 44 preeclamp-
tic patients were randomly assigned to two equal groups: 
bupivacaine + sufentanil (P1 = 13%) and bupivacaine alone 
(P2 = 54%); using two-sample comparison of proportions 
formula in which alpha = 0.05 and power = 0.80:
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Eligible participants for this study included mothers 
who werfigure 1e categorized as group I and II in terms of 
American society of anesthesiologists (ASA) criteria, were 
aged between 18 to 40, had no prohibition for undergo-
ing spinal anesthesia, were not allergic to topical anes-
thetics and the three drugs under the study, did not have 
a neuropathy, and consented to undergo spinal block. Pa-
tients were not included in the study: in case of the pres-
ence of gastrointestinal diseases, premature birth before 
36 weeks, receiving anti-nausea medication during the 24 
hours before surgery, having pregnancy induced hyper-
tension or problems during cesarean section, and receiv-
ing narcotic drugs during the operation.

The patients were randomly divided to three groups 
using the random block method. For randomization we 
used the random block allocation method in which we 
had six blocks with three components: ABC, ACB, BAC, 
BCA, CAB and CBA. We applied the random digit number 
generator to select and sort the blocks. Using this meth-
od, the groups were either randomized or balanced.

The three groups included mothers who underwent spi-
nal anesthesia with the following doses: Group B, 2.5 cc of 
bupivacaine 0.5% + 1 cc normal saline 0.9%; Group BM, 2.5 
cc of bupivacaine + 0.02 mg/kg midazolam; and Group 
BS: 2.5 cc of bupivacaine 0.5% + 0.7 cc normal saline 0.9% + 
1.5 µg of sufentanil 0.3 cc.

The patients were informed about the procedures and 
consented to participate before being enrolled in the study. 
After placing the patient on the operating table, an an-
giocath was installed on one hand of the patient and 100 
cc of Ringer’s solution was injected. Monitoring included 
electrocardiogram, pulse-oximetry, as well as noninvasive 
measurement of blood pressure and heart rate. Patients 
were told to sit, and after prepping the place with betadine, 
a spinal needle number 25 was used to inject one of the pre-
pared solutions into the spinal cord between the third and 
fourth lumbar; the drug was injected slowly during five sec-
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onds. The solution used for each group contained: 2.5 cc of 
bupivacaine 0.5% + 1 cc normal saline 0.9% for group B; 2.5 cc 
of bupivacaine + 0.02 mg/kg midazolam for group BM; and 
2.5 cc of bupivacaine 0.5% + 0.7 cc normal saline 0.9% + 1.5 µg 
of sufentanil 0.3 cc for group BS. After removing the spinal 
needle, patients were immediately placed in supine posi-
tion and an oxygen mask with the flow of 6 liters per min-
ute was set on the patient’s face, while sensory block with a 
needle (test pin prick) measured the time required to reach 
analgesia level at T10 [sensory block onset]. In addition, the 
time of motor block was measured using the Modified Bro-
mage scale (1 = complete block, 2 = almost complete block, 
3 = partial block, 4 = detectable weakness of hip flexion 
while in supine position, 5= no detectable weakness of hip 
flexion while supine, and 6 = able to perform partial knee 
bend) (motor block onset). The criteria were evaluated ev-
ery three minutes to achieve the point of interest. Injection, 
positions, and all the conditions were the same in all these 
three groups. Mean arterial pressure and heart rate were 
measured before and after the onset of analgesia, and after 
delivery, the infants’ Apgar score at birth (at the end of the 
1st minute) was calculated and recorded.

In the event of hypotension of less than 20% of the 
base, ephedrine was injected and if heart rate reached 
below 45 beats per minute atropine was injected. Shiver-
ing, nausea, vomiting and hypotension were recorded 
as well. After the surgery, the patient was transferred 
to the recovery unit and sensory block recovery time at 
T10 was recorded. The time when feet were able to move 
again was recorded and then the patient was transferred 
to the ward. The onset of pain was set when the patient 
required narcotic drugs and it was determined using a 
standard visual analog scale (VAS) in which the left end 
showed the no-pain point (0) and the right end indicated 
the worst imaginable pain point (10). When the patient 
requested analgesics or narcotics, she was asked to select 
a point between 0 - 10 with regards to her pain severity. 
When pain severity was four or less, only routine analge-
sics (diclofenac suppository, 100 mg every eight hours) 
was administered, and when it was above four (based on 
VAS) in addition to the aforementioned drug, a narcotic 
(pethidine 25 mg) was administered for the patient.

The data obtained was analyzed using the SPSS software 
V.16. Quantitative data were presented as mean and stan-
dard deviation, while qualitative data were presented as 
frequencies. To compare qualitative and quantitative data 

between groups we used Analysis of Variance (ANOVA), 
chi-square test, and post hock test with Bonferroni adjust-
ment. In this study, a significant level of 0.05 was used.

4. Results
In this study, 75 females who underwent cesarean sec-

tion were studied. Each group consisted of 25 people. 
There was no patient with failed or partial block in our 
study. Table 1 presents the mean and standard deviations 
(SD) of participants’ age as well as the evaluated proper-
ties of interest related to anesthesia (i.e. time to onset 
and time to recovery of sensory/motor blocks; and time 
to request opium) in the three groups. As presented in 
Table 1, there was no significant difference between the 
mean ages of the three groups. 

The time required to achieve sensory block was 4.48 ± 
3.00 minutes in group B, 2.24 ± 0.72 minutes in group BM, 
and 3.08 ± 1.15 minutes in group BS; this difference was 
statistically significant (P < 0.001). When comparing any 
of the three groups with each other in terms of the time 
to achieve sensory block, a significant difference was ob-
served between group BM and group B (P ˂ 0.001) and 
group B and control group BS (P = 0.03); however, there 
was no significant difference between group BM and 
group BS (P = 0.269).

The time required to achieve motor block was 3.84 ± 1.28 
minutes in group B, 1.80 ± 0.76 minutes in group BM, and 
1.60 ± 0.7 minutes in group BS, with the difference being 
statistically significant (P < 0.001). Differences between 
group BM and group B (P < 0.001) as well as between 
group BS and group B (P < 0.001) were significant, how-
ever there was no significant difference between groups 
BM and BS (P = 0.739).

The time required for sensory block recovery was 78.64 
± 13.27 minutes in group B, 97.92 ± 16.10 minutes in group 
BM, and 103.00 ± 25.02 minutes in group BS; this differ-
ence was statistically significant (P < 0.001). Considering 
pair-wise comparison of sensory block recovery time, a 
significant difference was observed between groups BM 
and B (P = 0.002) and groups BS and B (P ˂ 0.001), how-
ever there was no significant difference between groups 
BM and BS (P = 0.608).

Motor block recovery time was 143.52 ± 24.98 minutes in 
group B, 146.32 ± 20.67 minutes in group BM, and 130.32 ± 
28.19 minutes in group BS; although the P value was nota-
bly small, the difference was not statistically significant

Table 1.  Comparing the Variables of the Study in the Three Groups
Variable Group B a,b Group BM Group BS P Value
Age, y 28.60 ± 6.06 28.12 ± 5.29 28.76 ± 3.97 0.9
Time to sensory block, min 4.48 ± 3.00 2.24 ± 0.72 3.08 ± 1.15 < 0.001
Time to motor block, min 3.84 ± 1.28 1.80 ± 0.76 1.60 ± 0.70 < 0.001
Time to sensory block recovery, min 78.64 ± 13.27 97.92 ± 16.10 103.00 ± 25.02 < 0.001
Time to motor block recovery, min 143.52 ± 24.98 146.32 ± 20.67 130.32 ± 28.19 0.057
Time to request opium, min 117.28 ± 48.69 117.80 ± 16.54 192.20 ± 39.63 < 0.001
a  Data are presented as Mean ± SD.
b  For each group (n = 25).
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Table 2.  Comparing the Complications of the Three Groups

Complications Group B a,b Group BM Group BS P Value

Nausea 8 (32) 3 (12) 12 (48) 0.02

Vomiting 5 (20) 1 (4) 4 (16) 0.2

Hypotension 21 (84) 4 (16) 16 (64) < 0.001

Postoperative shivering 10 (40) 20 (80) 12 (48) 0.01
a  Values are presented as No (%).
b  For each group (n = 25).

(P = 0.057). Pair-wise comparison of motor block recovery 
time showed no significant difference between groups. 
Although the difference between groups BM and SM was 
notable (146.32 vs. 130.32), it was not significant (P = 0.065).

The time interval from anesthetic injection to the time 
when the patient requested analgesic drugs (opium) was 
117.28 ± 48.69 minutes in group B, 117.80 ± 16.54 minutes 
in group BM, and 192.20 ± 39.63 minutes in Group BS; the 
difference was statistically significant (P < 0.001). Com-
parison of groups with each other in terms of the time 
when patients requested analgesic drugs revealed that 
there was no significant difference between the mid-
azolam and control group (P = 0.9), however there was a 
significant difference between the sufentanil group and 
the control group (P ˂ 0.001), and the midazolam group 
and the sufentanil group (P ˂ 0.001). Accordingly, those 
who received sufentanil requested analgesic drugs after 
a longer period of time.

 Table 2 shows the frequencies of side-effects during the 
operation. The occurrence of nausea (P = 0.02), postop-
erative shivering (P = 0.01) and hypotension (P < 0.001) 
were significantly different between groups, yet this was 
not the case for vomiting (P = 0.2). Nausea and hypoten-
sion were less frequent in group BM (12% and 16%, respec-
tively), while shivering was more frequent (89%) in the 
same group. Nausea was more frequent in group BS (48%) 
while hypotension was more frequent in group B (84%).

Finally, the infant’s Apgar score at birth was similar in 
all three groups; all infants had first minute Apgar scores 
of nine at birth.

5. Discussion
The main objective of this study was to examine the ef-

fects of sufentanil or midazolam combined with bupiva-
caine on spinal anesthesia in elective cesarean. Consider-
ing intrathecal adjutants, previous studies have focused 
on adding sufentanil and/or midazolam to bupivacaine 
and compared each with the effect of using bupivacaine 
alone on anesthetic quality and properties.

In a study conducted by Karbasfrushan et al. it was 
shown that the combination of bupivacaine and intra-
thecal midazolam generated an effective anesthetic 
drug, which was used to reduce pain. Although the onset 
of sedation was faster, yet the incidence of nausea and 
vomiting was higher in the experimental group. The du-

ration of effective analgesia and the time for regression 
of sensory analgesia was the same in both groups (14).

In another study conducted by Rasooli et al. the authors 
evaluated the effects of adding sufentanil to bupivacaine 
for spinal anesthesia in preeclamptic patients undergo-
ing cesarean section. It was reported that bupivacaine in 
combination with sufentanil provided acceptable spinal 
anesthesia. The combination caused less hypotension 
and nearly eliminated the need for vasopressor support 
of blood pressure. In addition, it also decreased the inci-
dence of nausea and vomiting, without negatively influ-
encing neonatal outcome (13).

In a study conducted by Vyas et al. it was shown that add-
ing sufentanil to bupivacaine significantly reduced the 
time required for spinal anesthesia. In addition, it was 
observed that the time required for motor block was sig-
nificantly reduced among people receiving bupivacaine 
plus sufentanil (15). In a study by Sharifi et al. it was shown 
that adding midazolam to bupivacaine reduced the time 
required for spinal anesthesia. In that study it was shown 
that adding midazolam to bupivacaine reduced the time 
required for motor block. They also showed that adding 
midazolam to bupivacaine increased the time of spinal 
anesthesia (16). In another study conducted by Imani et 
al. it was found that adding midazolam to bupivacaine 
significantly reduced the time required for spinal anes-
thesia. It was also found that adding midazolam to bupi-
vacaine reduced the time required for motor block (9). In 
a study conducted by Dahlgren et al. it was also shown 
that adding sufentanil to bupivacaine might increase the 
duration of anesthesia (17).

As noted in the aforesaid studies, adding sufentanil or 
midazolam to bupivacaine can commonly result in faster 
block in patients who undergo cesarean section. Howev-
er, there are no previous studies that have compared the 
outcome of using sufentanil and midazolam in combina-
tion with bupivacaine. In our study no significant differ-
ence was observed between these two groups in terms 
of the onset of sensory and motor block. However in our 
study, sensory block recovery in the groups receiving 
sufentanil plus bupivacaine and midazolam plus bupiva-
caine took longer than in the control group, yet there was 
no difference between the two groups receiving the drug 
in combination with sufentanil and midazolam.

There was no significant difference between the three 
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groups in terms of age, which indicates that the results 
are not influenced by age; this also proves effective ran-
domization. The time required for spinal anesthesia on-
set in terms of time to sensory and motor block in the 
control group was significantly longer than that of the 
other groups, which received bupivacaine combined 
with sufentanil or midazolam; this shows the positive ef-
fect of adding these two drugs to bupivacaine. However, 
there was no difference between the group receiving bu-
pivacaine and sufentanil (group BS) and the group receiv-
ing bupivacaine and midazolam (group BM).

According to the results of the present study, there was 
no significant difference between these three groups in 
terms of motor block recovery time; however, P was very 
small (P = 0.057) and this shows that an increase in the 
number of samples might lead to different results. There 
was no study available comparing these three groups in 
terms of motor block recovery time.

In this study there was no significant difference be-
tween the midazolam group and control group in terms 
of requesting analgesics by the patient; however, there 
was a significant difference between the sufentanil group 
and control group, and midazolam group and sufentanil 
group. This means that those who received sufentanil re-
quested analgesics after a longer period of time. Thus, the 
findings of this study indicate that adding sufentanil to 
bupivacaine reduced pain after cesarean section, yet the 
addition of midazolam was not very effective. In a similar 
study, Lin et al. (1998) examined the effects of adding suf-
entanil to bupivacaine on spinal anesthesia for cesarean 
and reported positive effects with the addition of sufen-
tanil to bupivacaine, which included in the reduction of 
the need for painkillers (18). In contrast to our results, in 
the study of Imani et al. it was found that adding mid-
azolam to bupivacaine significantly led to a longer dura-
tion of time for the first request for analgesics (9). There 
was no study available that investigated the difference 
between the combination of sufentanil and bupivacaine, 
and midazolam and bupivacaine.

In the present study, adding midazolam to bupivacaine 
significantly reduced nausea in the patients. In this re-
gard, adding midazolam was more effective than adding 
sufentanil to bupivacaine. The group receiving the com-
bination of sufentanil plus bupivacaine did not signifi-
cantly differ from the control group in terms of nausea. 
In a study conducted by Lee et al. in 2011, the results were 
similar to those of our study and it was shown that add-
ing sufentanil to bupivacaine increased nausea (19). The 
results of the study by Imani et al. was also consistent 
with our results and it was found that adding midazolam 
to bupivacaine reduced nausea in the studied patients 
(9). Nevertheless, the study of Sharifi et al. had contradic-
tory results (16). There is no study available investigating 
the difference between adding sufentanil to bupivacaine 
and midazolam to bupivacaine, simultaneously. In our 
study, no significant difference was found between the 
three groups in terms of the incidence of vomiting. 

In this study, there was no significant difference in hy-
potension between the control group and the group re-
ceiving bupivacaine combined with sufentanil, yet add-
ing midazolam to bupivacaine significantly decreased 
the rate of hypotension. In addition, comparing Group 
2 (midazolam + bupivacaine) and Group 3 (sufentanil 
+ bupivacaine), revealed that hypotension in Group 2 
was significantly less than Group 3. Therefore, adding 
midazolam to bupivacaine was effective in reducing 
blood pressure yet adding sufentanil to bupivacaine 
had no effect. In the study of Vyas et al. it was found that 
people who received sufentanil plus bupivacaine did 
not significantly differ from the control group in terms 
of hypotension (15). In this study, adding midazolam to 
bupivacaine led to a significant increase in the level of 
shivering, which was higher than that in sufentanil and 
bupivacaine group and the control group. Accordingly, 
80% of patients receiving midazolam had shivering (40% 
of patients in the control group and 48% in the sufentanil 
group). However, there was no difference in shivering be-
tween the control group and the group receiving sufent-
anil. In this project, like other similar studies, we found 
that adding sufentanil or midazolam had no negative ef-
fect on neonatal Apgar score and in this study all infants 
had an Apgar score of nine at birth (16).

Overall, the findings showed that adding sufentanil or 
midazolam to bupivacaine shortened the onset of spinal 
anesthesia, and increased the time duration of anesthe-
sia; however it did not change the motor block recov-
ery time. Adding sufentanil delayed the first request for 
narcotic analgesics while adding midazolam led to a de-
crease in nausea and hypotension. Adding sufentanil or 
midazolam did not have any deleterious effects on the in-
fants’ Apgar. However, it increased shivering in patients.
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