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Abstract
Background: Pruritus is a troublesome side effect of intrathecal opioids. Midazolam can reinforce GABA-mediated inhibition of
the medullary dorsal horn neurons, and thus theoretically has potential to suppress opioid-induced pruritus.
Objectives: This prospective double-blinded randomized trial aimed at comparing the effects of propofol, midazolam, and a combination of the two on the prevention of pruritus induced by intrathecal sufentanil.
Methods: Eighty-four patients undergoing spinal anesthesia with 3 mL hyperbaric bupivacaine 0.5% and 5 µg sufentanil (1 mL)
were randomly allocated to one of the three study groups: Group 1, who were administered 20 mg intravenous (IV) propofol bolus,
then 50 µg/kg/min IV infusion; Group 2, who were administered 0.03 mg/kg IV midazolam bolus, then 0.02 mg/kg/h IV infusion;
and Group 3, who were administered 10 mg IV propofol and 0.015 mg/kg IV midazolam bolus, then 25 µg/kg/min propofol and 0.01
mg/kg/h midazolam IV infusion. The incidence rates and severity of pruritus were assessed intraoperatively and postoperatively for
24 hours.
Results: The Ramsay Sedation Score was highest for the propofol group throughout the duration of the anesthetic process. Overall, 17 patients in the propofol group (60.7%), eight patients in the midazolam group (28.6%), and nine patients in the propofolmidazolam group (32.1%) developed pruritus (P = 0.027). Intraoperative pruritus was observed in seven patients in the propofol
group (25%), two patients in the midazolam group (7.1%), and five patients in the midazolam-propofol group (17.9%) (P = 0.196). Postoperative pruritus developed in 12 patients in the propofol group (42.9%), six patients in the midazolam group (21.4%), and four
patients in the midazolam-propofol group (14.3%) (P = 0.041). There was no significant difference between the groups with respect
to the severity of pruritus (P > 0.05).
Conclusions: This study showed that in comparison with propofol, the administration of 0.03 mg/kg IV midazolam bolus followed
by 0.02 mg/kg/h could be more effective in the prevention of intrathecal sufentanil-induced pruritus without increasing sedation
and other side effects.
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1. Background
Intrathecal opioids are frequently administered to patients undergoing major general, thoracic, orthopedic,
urologic, and gynecological surgeries to provide postoperative analgesia (1). Regarding their synergistic interaction
with local anesthetics, the addition of opioids obviates the
need for higher doses of an anesthetic. Opioids also prolong the duration of anesthesia, and provide faster sensory
block (2). Pruritus is a troublesome side effect of the intrathecal administration of opioids, which is reported in
20% - 100% of patients in the perioperative period (3, 4). Numerous mechanisms have been proposed to explain the exact causes of opium-induced pruritus, including stimula-

tion of an “itch center” in the central nervous system, activation of the medullary dorsal horn and antagonism of the
inhibitory transmitters, and activation of serotonin receptors in the medulla (5, 6). Since non-histamine-releasing
opioids can also cause pruritus, it seems that this phenomenon is not the result of histamine release (6-8). However, the exact mechanism involved is not yet clear.
It is thought that the spinal trigeminal nucleus acts as
an itch center that is rich in serotonin (5-HT3) receptors,
which may be activated by opioids and therefore induce
pruritus (9). A number of drugs such as propofol, antihistamines, opiate antagonists, and serotonin-receptor antagonists have been used to control this bothersome symp-
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tom, but the results have been conflicting (5, 6). The effect
of propofol is a result of the inhibition of signal transmission in the dorsal horn neurons of the spinal cord. Midazolam, a short acting benzodiazepine, can also reinforce
GABA-mediated inhibition of the medullary dorsal horn
neurons, and thus it has theoretical potential to suppress
the opioid-induced pruritus caused by µ-opioid receptor
stimulation.

2. Objectives
We designed this study to compare the effects of propofol, midazolam, and a combination of the two on the
prevention of pruritus induced by intrathecal sufentanil.
We hypothesized that midazolam is more effective than
propofol in preventing pruritus caused by the intrathecal
administration of sufentanil.

3. Methods
This study was conducted at Imam Khomeini University Hospital in Tehran, Iran. After approval by the
ethics committee of Tehran University of Medical Sciences
and registration on the Iranian registry of clinical trials
(http://irct.ir/) with the number IRCT201203059213N1 (Date
registered: July 23, 2013), and after obtaining written informed consent from the patients, 84 ASA I-III patients aged
18 to 60 years scheduled for elective major surgery of the
lower limbs, urologic surgery, or inguinal hernia surgery
were enrolled in this prospective double-blinded randomized trial. We excluded patients with any contraindication of spinal anesthesia (such as lumbar skin infection,
coagulopathy, and increased intracranial pressure), opium
addiction, non-elective surgery, known allergy to any of
the study drugs, severe chronic obstructive pulmonary disease, or pruritic dermatologic or systemic disease. In a
pilot study, the incidence of pruritus associated with intrathecal opioid administration was estimated at approximately 88%. We aimed at a 50% reduction in the incidence
of pruritus, and hence with a confidence interval of 0.05
with a power of 80%, the sample size was calculated as 25
in each group. To compensate for potential patient exclusion, we initially enrolled 28 patients in each group.
In the operating theater, a 20-gauge intravenous cannula was inserted into each patient. All patients received
500 ml of normal intravenous (IV) saline preoperatively.
To induce spinal anesthesia, each patient received an intrathecal injection of 3 ml hyperbaric bupivacaine 0.5%
(Marcaine 0.5% Spinal, AstraZeneca, UK) with 5 µg sufentanil (Sufentanil-Hameln 5 µg/mL, Hameln Pharmaceuticals GmbH, Germany) (1mL) over 15 seconds with the use
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of a 25-gauge needle. Injection was performed through L34, L4-5, or L5-S1 interspaces, based on the surgical site, with
the patient in a sitting position. Sensory block was assessed
through a pinprick test, and the time needed to reach the
highest sensory level was recorded. Motor block was evaluated using the Bromage scale 30 minutes after anesthesia induction, and each patient was assigned a score as follows: 0 = no motor block: full flexion of knee and foot; 1 =
partial block: unable to raise extended leg, and just able to
move knee; 2 = almost complete block: unable to flex knee,
and able to move foot only; 3 = complete block: unable to
flex ankle joint, and unable to move knee or foot (10).
When the desired sensory and motor block was
achieved, patients were allocated to one of the three study
groups by using computer-generated random code numbers which had been placed in opaque, sealed envelopes
by a person not involved in the study. The propofol group
received 20 mg IV propofol (Pofol, Dongkook Pharmaceuticals, Korea) bolus, then 50 µg/kg/min propofol IV infusion.
The midazolam group received 0.03 mg/kg IV midazolam
(Midamax 5mg/mL, Tehran Chemie Pharmaceuticals, Iran)
bolus, then 0.02 mg/kg/h midazolam IV infusion. The
propofol-midazolam group received 10 mg IV propofol
and 0.015 mg/kg IV midazolam bolus, then 25 µg/kg/min
propofol and 0.01 mg/kg/h midazolam IV infusion. Since
all of the patients undergoing spinal anesthesia in our
center received some sort of IV sedation, we had no control
group.
Demographic characteristics including gender, age,
weight, height, BMI, and the ASA class were recorded. Patients were monitored continuously during the operations
for heart rates, systolic and diastolic blood pressures, respiratory rates, and peripheral capillary oxygen saturation
(SpO2) with noninvasive techniques. Systolic blood pressure (SBP) < 90 or a 20% drop in SBP from baseline were
regarded as hypotension, and intravenous fluid was administered as needed. A respiratory rate of nine or less
or SpO2 < 90% were interpreted as indicators of respiratory depression. Patients’ levels of consciousness were assessed during the operations based on the Ramsay sedation score (11). Pruritus, which was the main variable of
our study, was defined as a sensation provoking the urge
to scratch (6). Incidence and severity of pruritus were assessed every 30 minutes intraoperatively by a nurse anesthetist, and every three hours postoperatively for 24 hours
by two trained nurses who were not informed of the patients’ groups. The mean values were recorded for both
time periods. The patients were questioned on pruritus,
and its severity was quantified using a 10-point visual analogue scale (VAS, with 0 presenting no pruritus and 10 presenting the severest imaginable pruritus) and a 4-point
Verbal Rating Scale (VRS, with 0 representing no pruritus
Anesth Pain Med. 2017; 7(3):e37535.
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and 4 the severest pruritus).
Certain factors may confound assessment of pruritus
by patients. Therefore, we used two scales to increase the
precision of the evaluation as recommended by Phan et
al. (12). The incidence rates of other side effects including nausea, vomiting, and respiratory depression were
also recorded. The need for anti-emetic or analgesic drugs
was also recorded as well. Upon a patient’s request for
anti-pruritic or anti-emetic treatment, 4 mg ondansetron
(Demitron, Tehran Chemie Pharmaceuticals, Iran) was administered intravenously to alleviate pruritus, and metoclopramide (Pladic, Caspian Tamin Pharmaceuticals, Iran)
was used to treat vomiting. The study drugs were prepared
and administered by a nurse anesthetist not involved in
the study. The patients were also not informed about
which drug was administered. Allocation, blinding, and
prevention of loss up to follow-up were managed by two
anesthesiologists.
3.1. Statistical Analysis
Data were analyzed using SPSS version 20 (SPSS Inc.,
Chicago, IL, USA). The results were expressed as mean ±
standard deviation (SD) or frequency (percent) where appropriate. Kruskal-Wallis and chi-squared tests were used
to compare the data where appropriate. A P < 0.05 was considered to be statistically significant.

4. Results
A total of 84 patients were finally recruited over the
course of 11 months, with 28 patients in each group. Regarding the demographic characteristics, the groups were
similar and showed no statistically significant differences.
Likewise, operative times and baseline vital signs did not
differ among the groups. Characteristics related to anesthesia were compared among the groups. ASA scores, levels of sensory block and the severity of motor block were
compared, and the figures showed no statistically significant differences between groups (Tables 1 and 2).
Patients’ levels of consciousness were assessed every
30 minutes from the beginning of the anesthesia and
scored according to the Ramsey Sedation Scale. The results
showed that throughout this period, the median sedation
score of the patients in the propofol group was higher than
the corresponding rate of the midazolam-propofol group,
and it was also higher than the rate for the midazolam
group (P < 0.01) (Figure 2).
The incidence rates and severity of pruritus were assessed using VAS and VRS. In total, 34 patients developed
pruritus, of which 17 were in the propofol group (group
member frequency: 60.7%), eight were in the midazolam
Anesth Pain Med. 2017; 7(3):e37535.

group (28.6%), and nine were in the midazolam-propofol
group (32.1%) (P = 0.027). Intraoperative pruritus was observed in 14 patients, of which seven were in the propofol group (25%), two were in the midazolam group (7.1%),
and five were in the midazolam-propofol group (17.9%) (P =
0.196). Twenty-two patients developed postoperative pruritus, of which 12 were in the propofol group (42.9%), six
were in the midazolam group (21.4%), and four were in the
midazolam-propofol group (14.3%) (P = 0.041). Note that
two patients in the propofol group developed intraoperative pruritus, which also persisted postoperatively. The percentage of patients who developed pruritus in each group
is depicted in Figure 3. Severity of pruritus was assessed
using the VAS and the VRS intraoperatively and postoperatively. Neither showed a significant difference among the
groups (P > 0.05) (Table 3). Severe intraoperative pruritus
necessitated ondansetron administration in one patient in
the propofol group. Ondansetron was administered postoperatively for four patients in the propofol group, three
patients in the midazolam group, and two patients in the
propofol-midazolam group.
Mean time to developing pruritus after induction of
sensory blockade was 120 ± 71 minutes in the propofol
group, 292 ± 42 minutes in the midazolam group, and
108 ± 42 minutes in the propofol-midazolam group, which
demonstrated significant differences (P = 0.007).
Along with pruritus, the incidence rates of other
opioid-related side effects such as nausea, vomiting, hypotension, bradycardia, arrhythmia, and hypoventilation
were recorded, and there were not any significant differences between the three groups with respect to these variables (Table 4).
5. Discussion
This study was designed to compare the effects of
propofol and midazolam on the prevention of intrathecal sufentanil-induced pruritus. We recruited 84 eligible
patients and allocated them to three groups who were
then administered propofol, midazolam, or both. The incidence rates and severity of pruritus were assessed intraoperatively and postoperatively. Levels of sedation and
incidence rates of other opioid-related side effects were
recorded as well.
We found that the incidence rates of overall pruritus in the propofol, midazolam, and propofol-midazolam
groups were 60.7%, 28.5%, and 32.1%, respectively (P = 0.027).
Although the incidence rate of intraoperative pruritus was
lowest in the midazolam group, this difference was not statistically significant. The incidence rate of postoperative
pruritus in the midazolam group was significantly lower
than that of the other groups (P = 0.041). Overall, mean
3
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Figure 2. Median Ramsay Sedation Scores for Patients Receiving Sedation With
Propofol, Midazolam, or Their Combination During Their Procedures (P< 0.01)

time to pruritus was also longest for the midazolam group
and shortest for the midazolam-propofol group, with a statistically significant difference (P = 0.007). Based on these
findings, we concluded that midazolam may be more effective than propofol in the prevention of opium-induced
pruritus. Regarding the fact that the Ramsay Sedation
Score was highest for propofol-treated patients and lowest for midazolam-treated patients, it seems that the antipruritic effect of midazolam should not be attributed to its
sedative effect.
Midazolam is a short-acting benzodiazepine used to induce sedation for various procedures and surgeries. It can

4
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Table 1. Baseline Characteristics and Intraoperative Data of Patients Receiving Propofol, Midazolam, or Their Combination After Intrathecal Sufentanila
Propofol (n = 28)

Midazolam (n = 28)

Midazolam-Propofol (n = 28)

P Value

50.9 ± 19

47.1 ± 18

52.2 ± 18

0.557

96.4

85.7

100

0.321

Height, cm

169 ± 11

168 ± 8

170 ± 24

0.871

Weight, kg

71.4 ± 16

68.7 ± 8

75.1 ± 17

0.231

BMI, kg/m2

24.3 ± 4

24.6 ± 2

24.6 ± 4

0.922

Mean intraoperative heart rate

74.1 ± 11

71.5 ± 11

71.7 ± 16

0.677

Mean intraoperative SBP, mmHg

133 ± 17

131 ± 25

129 ± 14

0.734

Age, y
Gender, (male %)

83 ± 9

81 ± 9

83 ± 6

0.617

Intraoperative SpO2 (%)

98.9 ± 2

98.6 ± 3

99.1 ± 0.6

0.079

Duration of anesthesia (drug
infusion) (min)

80 ± 25

108 ± 78

94 ± 34

0.117

ASA I

20 (71.4)

19 (67.9)

22 (78.6)

ASA II

7 (28.6)

8 (25)

5 (17.9)

ASA III

1 (3.6)

1 (3.6)

1 (3.6)

Mean intraoperative DBP, mmHg

ASA score

a

0.937

Values are expressed as mean ± SD or frequency, No. (%); where appropriate.

Table 2. Level of Sensory and Motor Spinal Block in Patients Undergoing Surgery Following Spinal Anesthesia With Bupivacaine and Sufentanila
Propofol (n = 28)

Midazolam (n = 28)

Midazolam-Propofol (n = 28)

P Value

Sensory block level
L3

4 (14.3)

8 (28.6)

7 (25)

L4

16 (57.1)

15 (53.6)

16 (57.1)

L5

8 (28.6)

5 (17.9)

5 (17.9)

0.671

Motor block level
Complete (Bromage 3)

a

24 (85.7)

21 (75)

22 (78.6)

Almost complete (Bromage 2)

1 (3.6)

6 (21.4)

3 (10.7)

Partial (Bromage1)

3 (10.7)

1 (3.6)

3 (10.7)

0.272

Values are expressed as frequencies, No. (%).

Table 3. Severity of Pruritus Measured by VAS and VRS in Patients After Intrathecal
Sufentanila
Propofol (n
= 28)

Midazolam
(n = 28)

MidazolamPropofol (n
= 28)

P Value

Intraoperative
VAS

2.7

2

2.4

0.207

VRS

1.0

1.0

1.4

0.141

VAS

4.2

6.8

6.5

0.137

VRS

1.8

2.5

2.5

0.456

Postoperative

Abbreviations: VAS, visual analogue scale; VRS, verbal rating scale.
a
Values are expressed as means.

reinforce GABA-mediated inhibition of the medullary dorsal horn neurons, thus suppressing opioid-induced pruritus caused by µ-opioid receptor stimulation. Studying
the efficacy and safety of fospropofol for moderate sedaAnesth Pain Med. 2017; 7(3):e37535.

tion during colonoscopy, Cohen et al. (13) observed that
after pretreatment of patients with IV fentanyl, midazolam was associated with lower rates of pruritus compared
with fospropofol. In addition, a case report showed that
in a patient with pancreatic adenocarcinoma undergoing
palliative treatment whose pruritus was unresponsive to
several anti-pruritic medications, application of midazolam successfully controlled the pruritus without induction of sedation (14). Thomsen et al. (15) studied the effects of sedative drugs on the suppression of spontaneous
scratching in hairless rats, and reported the positive effectiveness of midazolam on suppression of this cerebral phenomenon. It has also been shown that midazolam inhibits
proinflammatory mediators through the inhibition of inducible nitric oxide synthase and cyclo-oxygenase expression in cultured macrophages (16). Regarding the fact that
prostaglandin release may be one of the mechanisms involved in opioid-induced pruritus (6), it may be proposed
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Figure 3. Incidence Rates of Pruritus in Patients Receiving Propofol, Midazolam, or Their Combination After Intrathecal Sufentanil Administration (Intraoperative, Postoperative, Intra- and Post-Operative, and No Pruritus)
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Table 4. Incidence Rates of Other Opioid-Related Side Effects in Patients Following Intathecal Sufentanila
Side Effect

Propofol (n = 28)

Midazolam (n = 28)

Midazolam-Propofol (n = 28)

Nausea

10 (35.7)

5 (17.9)

9 (32.1)

0.294

Vomiting

6 (21.4)

5 (17.9)

7 (25)

0.809

2 (7.1)

5 (17.9)

8 (28.6)

0.112

Hypotension

6 (21.4)

2 (7.1)

3 (10.7)

0.257

Bradycardia

5 (17.9)

1 (3.6)

2 (7.1)

0.166

Arrhythmia

2 (7.1)

0

0

0.325

Need of anti-emetic

Respiratory rate < 10

1 (3.6)

0

2 (7.1)

0.770

SpO2 < 95%

3 (10.7)

0

2 (7.1)

0.362

a

Values are expressed as frequencies, No. (%).

that, along with the GABAergic pathway, midazolam may
reduce pruritus through prostaglandin inhibition.
Propofol is a phenol-derivative widely used to induce
sedation in surgical and minor procedures. The antipruritic effects of this drug are uncertain, and controversial results have been reported (17-21). Warwick et al. (19)
reported that subhypnotic doses of propofol are not effective for the prevention of intrathecal morphine-induced
pruritus in women undergoing caesarian sections. However, Horta et al. (8) compared the effects of alizapride,
propofol, droperidol, and promethazine with saline on
the prevention of spinal-morphine-induced pruritus, and
showed that the first three drugs successfully reduced the
incidence rates of pruritus after spinal administration of
morphine, while promethazine was demonstrated to be
ineffective. Propofol inhibits medullary dorsal horn trans6

P Value

mission, and through this pathway, it may exert an antipruritic effect (5, 9, 17, 21). Furthermore, propofol has
been shown to have inhibitory effects on cyclo-oxygenase,
and this may also contribute to the anti-pruritic effects reported in some studies (22).
Both midazolam and propofol exert their effects by potentiation of GABAA receptors. They have distinct binding
sites different from those of GABA (23). Although propofol
has been shown to have a hypnotic potency 1.8 times that
of thiopental, it has not been compared with midazolam
(24). As mentioned above, midazolam and propofol have
both been shown to exert anti-inflammatory effects. For instance, Xia et al. compared the anti-inflammatory effects of
propofol and midazolam in children undergoing cardiac
surgery and showed that propofol is superior to midazolam for the reduction of inflammation and oxidative stress
Anesth Pain Med. 2017; 7(3):e37535.
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in children with congenital heart disease (25).
It has been reported that simultaneous use of propofol and midazolam has a synergistic effect on their sedative properties (26, 27), but this effect has not been reported
for their anti-pruritic effects. In our study, we observed
that a combination of midazolam and propofol is less effective than midazolam alone in the prevention of pruritus, which may be due to the lower dose of midazolam used
for the former group.
Among other side effects, nausea/vomiting was the
most common. Nausea may occur due to stimulation of
the chemoreceptor trigger zone and is usually transient.
It is noteworthy that propofol and midazolam have been
shown to reduce the incidence rates of postoperative nausea and vomiting (28). To some extent, we benefited from
this effect in terms of the need to administer anti-emetics.
However, some patients may need anti-emetic therapy. Antipsychotics, metoclopramide, serotonin antagonists, antihistamines, and corticosteroids are available drugs to
control nausea (29, 30). Despite the fewer side effects of
ondansetron, we used metoclopramide in cases of nausea/vomiting. This was to avoid the antipruritic properties of ondansetron and the masking of possible pruritus
in these patients. Use of ondansetron was confined to patients who suffered severe pruritus and requested treatment. Since we administered the drug only after presentation of the symptoms and not prophylactically in all patients, we believe that it did not cause remarkable underestimation of the prevalence of pruritus. However, it may
have prevented postoperative pruritus in one patient who
received ondansetron intraoperatively. Ultimately, we observed that administration of propofol or midazolam did
not change the incidence rates of nausea and vomiting.
This finding is consistent with those of other studies (31).
In this study, patients’ hemodynamic variables were
monitored intraoperatively, and regarding the cardiovascular effects of opioids, no significant difference was observed between the study groups. Gurbulak et al. (32)
also found no association between incidence rates of cardiopulmonary events and the use of propofol or midazolam/meperidine. Respiratory depression is a rare side effect of intrathecal opioids caused by suppression of the
respiratory centers in the brainstem (33). In our study, a
few patients developed hypoventilation, a respiratory rate
< 10, or oxygen saturation < 95%, and these figures did not
show significant differences between groups.
This study showed that in comparison with propofol,
the administration of 0.03 mg/kg IV midazolam bolus, followed by 0.02 mg/kg/h is more effective in prevention of intrathecal sufentanil-induced pruritus without increasing
sedation and other side effects. It can therefore be concluded that in the absence of contraindications for midaAnesth Pain Med. 2017; 7(3):e37535.

zolam use, this sedative drug is superior to propofol. Although many studies have been conducted to investigate
the anti-pruritic effects of propofol, the effects of midazolam have not been adequately studied.
5.1. Limitations
The most important limitation of this study is the relative subjectivity of assessing pruritus, the study variable.
This variable cannot be objectively measured by physicians, and we therefore have to rely on patients’ perceptions of the symptom. To minimize error, we used two
scales to quantitate pruritus. To reduce observer bias, we
trained nurses about data collection, and the nurses who
asked patients about the symptoms were blinded to the
study group. It should, however, be noted that the administration of multiple drugs in the study may have caused
unwanted, neglected drug interactions that could have influenced the findings.
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