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Abstract:  During middle-ear-surgery under local anaesthesia (MES-LA), patients report hearing noises, feeling anxious, and experiencing ear-
ache. In a prospective randomized clinical trial, we compared propofol and midazolam for sedation in 68 patients scheduled for MES-
LA. The starting dose of propofol was 1 to 1.5 mg per kilogram intravenously, followed by 1 to 2 mg per kilogram per hour given by 
infusion. The starting dose of midazolam was 0.02 to 0.05 mg per kilogram intravenously, followed by 0.01 to 0.02 mg per kilogram 
intravenously. Metamizol and fentanyl were added when required. Sedation was titrated to a Ramsay score of 3 to 4 and a bispectral 
index value of 70 to 80. Patients were assessed for vital parameters and sedation and pain scores. In the recovery room, readiness 
for discharge and satisfaction of both patient and surgeon with the procedure were assessed. The group receiving propofol had a 
significantly lower heart rate, shorter duration of sedation, and earlier readiness for discharge (p<0.05). There were no significant 
differences in other parameters evaluated. Seventy-nine per cent of patients in the group receiving propofol and 91.1% receiving mi-
dazolam would choose the same method of anaesthesia and sedation for any further MES-LA. Our results suggest that, compared to 
midazolam, propofol is more suitable for sedation in patients undergoing MES-LA. However, appropriate patient selection, adequate 
preparation, and careful monitoring are mandatory. 

        © Versita Warsaw and Springer-Verlag Berlin Heidelberg.
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1. Introduction
It has long been known that the majority of middle 
ear operations in adults may be performed under 
local anaesthesia [1,2]. The obvious advantages of 
local over general anaesthesia in middle ear surgery 
(MES) are faster recovery time and less bleeding 
during the operation. However, during MES under 
local anaesthesia, many patients experience various 
discomforts (a sensation of noise, anxiety, dizziness, 
backache, claustrophobia, or earache). To reduce 
these discomforts, careful patient selection, adequate 
preparation for anaesthesia, and appropriate sedation 
are necessary  [3]. 

Intravenous (iv) sedation with midazolam, a short-
acting benzodiazepine drug, is  well established in our 
clinical practice. The properties that make midazolam  
suitable for use with local anaesthesia are anxiolysis, 
sedation, and antegrade amnesic action. The hypnotic-

sedative effects of midazolam can be rapidly reversed 
by the specific antagonist flumazenil [4]. Midazolam is 
most commonly used for preoperative sedation and for 
short ambulatory endoscopic procedures  [5,6]. 

Propofol is an ultra-short-acting sedative-hypnotic 
agent with a rapid onset of action, substantial 
potency, extremely short recovery time, and high 
patient satisfaction because of its antiemetic and 
euphoric properties. Propofol induces dose-dependent 
cardiovascular and respiratory depression [7]. The rapid 
titrability, brief pharmacologic effect, and maintenance 
of spontaneous ventilation make intravenous propofol a 
suitable agent for conscious sedation during MES when 
patient cooperation is necessary (e.g., for evaluation of 
hearing).

A review of the literature showed that sedation in 
MES under local anaesthesia had been explored in 
several clinical trials [8,9], but none of them involved 
a comparison of propofol and midazolam. The aim of 
our study was to compare the safety and efficacy of 
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propofol versus midazolam for conscious sedation in 
MES. We hypothesized that propofol sedation would be 
associated with significantly better patient and surgeon 
satisfaction and a shorter recovery time.

2. Material and Methods
Seventy patients with American Society of 
Anesthesiologists (ASA) physical status scores of 1 or 
2 who were scheduled to undergo elective MES were 
included in a prospective, randomized trial of sedation 
during local anaesthesia. The study was approved by 
the national ethics committee, and informed consent was 
obtained from all patients. Elective MES procedures were 
performed at the Department of Otorhinolaryngology 
and Cervicofacial Surgery, University Medical Centre 
Ljubljana, in the period from January 2006 to April 2007. 

The patients were between 16 and 70 years of age; 
they  had otosclerosis or chronic otitis media  and were 
scheduled to undergo stapes surgery or tympanoplasty. 
Exclusion criteria for the study were: a history of chronic 
use of analgesic or sedative agents or both; a history 
of alcohol abuse; language barrier or mental disorder;  
allergy to any of the study medications; and obstructive 
sleep apnoea.

The patients were randomized to receive sedation 
with propofol (propofol group) or midazolam (midazolam 
group). Propofol was given intravenously in a starting 
dose of 1 to 1.5 mg per kilogram,  and a maintenance 
dose of 1 to 2 mg per kilogram per hour was given by 
infusion with an IVAC® P7000  pump (Alaris Medical 
Systems). Midazolam  was administered intravenously, 
with a starting dose of 0.02 to 0.05 mg per kilogram and 
a maintenance dose of 0.01 to 0.02 mg per kilogram. To 
evaluate the level of sedation, the bispectral index score 
(BIS) [10] and the Ramsay sedation score (RSS) were 
used [11]. The doses of propofol or midazolam were 
titrated to the level of conscious sedation (BIS 70 to 80, 
RSS 3 or 4). Sedation was discontinued just before the 
end of surgery.   

All patients were premedicated with midazolam 
tablets (7.5 mg) 30 minutes before the operation. In 
the operating room, the electrocardiogram (ECG) was 
recorded and noninvasive blood pressure measured; 
pulse oximetry and measurement of end-tidal carbon 
dioxide (Dräger capnograph) were performed; and a 
venous cannula was inserted. Disposable BIS Quatro® 
electrodes (Aspect Medical Systems Inc., Newton, MA, 
USA) were placed on the patient’s forehead. BIS values 
were calculated from the electroencephalogram with 
an Aspect Medical Systems A-1050 monitor, software 
version 3.3. All patients received an infusion of 0.9% 

saline solution. Supplemental oxygen was administered 
at a flow rate of 6 liters per minute via a face mask, with 
an open cycle breathing system. 

All operations were performed by two experienced 
ear, nose, and throat (ENT) surgeons, who were blinded 
to the patients’ group assignements. Before the operation, 
the tympanic branch of the auriculotemporal nerve, the 
branches of the great auricular nerve innervating the 
auricle and the meatus, and the auricular branch of the 
vagus nerve were blocked by local infiltration via 10 ml 
of a solution of 0.5% bupivacaine with 7 IU of adrenaline 
diluted with 0.9% saline at a ratio 1:1000.

Pain during and after the operation was evaluated 
by a 10-point visual analog scale (VAS) [12]. Additional 
analgesia was given in both patient groups when 
required. During the operation, metamizol was 
administered by infusion (2.5 g / 30 min) and fentanyl 
was given intravenously (0.05 to 0.1 mg) if the pain 
score reached a level of 3 or more. Postoperatively, 
acetaminophen was given for light pain and metamizol 
tablets for moderate pain. Persistent moderate to severe 
pain was treated with piritramid (1.5 to 3 mg iv). 

All data were recorded by a qualified, independent 
observer who was blinded to group assignement. Heart 
rate, mean arterial pressure, oxygen saturation, end-tidal 
carbon dioxide, respiratory frequency, and BIS values 
were recorded at baseline and then every 5 minutes until 
the end of the procedure. RSS was assessed before the 
induction of sedation and every 10 minutes thereafter. 
Pain was assessed at baseline and every 15 minutes 
during the operation. 

In the recovery room, readiness for discharge (time 
to an Aldrete score of 8) [13], vital signs, and intensity 
of pain (VAS) were recorded every 5 minutes. Before 
discharge from the recovery room, patients were asked 
to rate their level of satisfaction with their intraoperative 
sedation and analgesia, each on a three-point scale (1 
= very poor, 2 = good, and 3 = excellent). Patients were 
also asked whether they would like to receive the same 
sedation-analgesia regimen if they were to undergo a 
similar operation in the future; the possible answers 
were 1 = yes and 2 = no. At the end of each operation, 
the surgeons were asked to rate their satisfaction with 
the operative conditions using the same three-point 
scale as the patients.

All adverse events during the operation and in the 
recovery room were recorded. Apnoea was defined as 
no detection of carbon dioxide for 20 seconds. If apnoea 
persisted, or if the oxygen saturation  decreased below 
95%, patients were reminded to breathe more often. If 
the oxygen saturation fell below 90%, manual ventilation 
was applied and infusion of sedative agents was reduced 
by 1 mg per kilogram per hour.

488



J. Benedik, A. Manohin

2.1. Statistical analysis
On the basis of a two-sided α of 0.05, a power of 90%, 
and a population variance of (10)2, 34 patients per 
group were required to detect a difference of 5.5 in 
BIS values between the two groups (prestudy survey) 
[14]. All statistical procedures were performed with the 
SPSS statistical software, version 10.0 for Windows. 
Data were presented as means and standard deviations 
(SD). Parametric data were compared with the t-test 
for independent samples. Non-parametric data were 
analysed with the hi-square test with Yates correction.  
P values below 0.05 were considered statistically 
significant.

3. Results
Seventy patients scheduled for middle ear surgery agreed 
to participate in the study. They were randomized to two 
groups. One patient from each group was excluded from 
analysis because of incomplete data, so that the data of 
68 patients were finally analysed. Patient characteristics, 
intraoperative analgesic requirements, and type of 
surgery were similar in both groups (Table 1). Surgery 
time was 16 minutes longer in the midazolam group 
compared with that of the propofol group (p = 0.001), 
and sedation time in the midazolam group was 17 
minutes longer compared with that of the propofol group 
(p = 0.001). Requirements for intraoperative propofol 
and midazolam are presented in Table 1. 

During the induction and maintenance periods of 
sedation, vital parameters (systolic arterial pressure 
and oxygen saturation), end-tidal carbon dioxide, and 
respiratory rates were comparable in the two groups 

(Table 2). Mean values for heart rate were significantly 
lower in the propofol group (p < 0.05). 

Patients in the propofol group had lower BIS values 
5 minutes after the beginning of sedation (71 vs. 80; p = 
0.001).  BIS values before the operation and at specific 
time points during the perioperative period were similar 
in both groups (Table 3). 

The number of patients having an RSS score of 3 
or 4 at specific clinical endpoints was comparable in 
the two groups. Pain intensity during the operation was 
similar in both groups. Patient and surgeon satisfaction 
was higher in the propofol group. If further MES were 
needed, 33 patients (97%) in the propofol group and 31 
patients (91.1%) in the midazolam group would select 
the same method of sedation. Three (8.8%) patients in 
the midazolam group would prefer general anaesthesia 
in the event of future MES.

The most frequent side effects in the propofol 
group were apnoea (8.8%) and intraoperative 
movement (8.8%). In the midazolam group, the most 
frequent side effects were intraoperative movement 
(5.8%) and postoperative nausea (5.8%). None of the 
patients required rescue medication (piritramid) in the 
postoperative period.   

The mean time required by the patients to reach 
an Aldrete score of 8 or more was significantly longer 
in the midazolam group (p < 0.05). Intraoperative and 
postoperative data are presented in Table 4. 

4. Discussion
Our results demonstrate that propofol was associated 
with significantly shorter recovery time, lower heart 
rate, and better patient and surgeon satisfaction. Both 

Propofol group(n = 34) Midazolam group(n = 34)

Age (yr) 43 +/- 13 45 +/- 10

Weight (kg) 69 +/- 15 74 +/- 16

Height (cm) 160 +/- 9 167 +/- 9

Sex (Female/Male) (n) 24 / 10 21 / 13

ASA physical status (1/2) (n) 22 / 12 20 / 14

Operation: tympanoplasty (n) 11 11

Operation: stapes surgery (n) 23 23

Propofol - induction dose (mg) 70 +/- 20 0

Propofol - maintenance (mg per kg per h) 1.8 +/- 0.6 0

Midazolam – intraop. dose (mg) 0 6.7 +/- 2.1

Fentanyl dose (10/20 µg) (n)  33 / 1 32 / 2

Surgery time (min) 37 +/- 15† 53 +/- 22†

Sedation time (min) 46 +/- 15† 63 +/- 21†

Table 1. Patient characteristics, intraoperative anaesthetic and analgesic requirements, and surgical data for the two groups*.

* Values are mean +/- standard deviation or number (n). † Significant difference (p < 0.05).  ASA = American Society of Anesthesiologists.
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Propofol group (n = 34) Midazolam group (n = 34) p value (t-test)

HR (beats per min) at 1 min 78 +/- 10 85 +/- 9 0.004†

HR at 10 min 74 +/- 9 84 +/- 10 0.001†

HR at 20 min 75 +/- 9 83 +/- 11 0.001†

HR at 30 min 74 +/- 9 83 +/- 11 0.001†

SBP (mm Hg‡)  at 1 min 131 +/- 11 135 +/- 14 0.16

SBP at 10 min 124 +/- 11 128 +/- 13 0.13

SBP at 20 min 121 +/- 11 124 +/- 11 0.24

SBP at 30 min 120 +/- 11 125 +/- 12 0.21

O2 saturation (%) at 1 min 99 +/- 1 99 +/- 1 0.12

O2 saturation at 10 min 99 +/- 1 99 +/- 1 0.12

O2 saturation at 20 min 99 +/- 1 99 +/- 1 0.12

ET CO2 (kPa) at 1 min 4 +/- 0.5 4.1 +/- 0.6 0.63

ET CO2 at 10 min 4.1 +/- 0.7 4.1 +/- 0.8 0.82

ET CO2 at 20 min 4.3 +/- 0.6 4.3 +/- 0.6 0.77

RR (breaths per min) at  1 min 19 +/- 3 20 +/- 4 0.08

RR at 10 min 18 +/- 4 20 +/- 5 0.24

RR at 20 min 18 +/ 5 19 +/- 5 0.25

* Values are mean +/- standard deviation. † Significant difference (p < 0.01). ‡ 1 mm Hg = 0.133 kPa. HR = heart rate, SBP = systolic blood 
pressure, ET = end-tidal, RR = respiratory rate. 

Table 2. Intraoperative vital parameters for the two groups*.

Propofol group (n = 34) Midazolam group (n = 34)

Before induction 98 +/- 2 97 +/- 2

1 min after induction 95 +/- 3 93 +/- 6

5 min after induction 71 +/- 12† 80 +/- 6†

10 min after induction 76 +/- 9 77 +/- 6

15 min after induction 80 +/- 6 78 +/- 4

Responds to simple commands 93 +/- 6 92 +/- 5

Oriented as to person and place 95 +/- 4 94 +/- 3

* Values are mean +/- standard deviation. † Significant difference (p<0.05). BIS = bispectral index. 

Table 3. BIS values in the two groups*.

Table 4. Intraoperative and postoperative data*.

* Values are number (n) or mean +/- standard deviation. RSS = Ramsay sedation score, VAS = visual analog scale, MES = middle ear surgery.  
† Scores: 1 = very poor, 2 = good, 3 = excellent. ‡ Significant difference (p < 0.05). 

Propofol group(n = 34) Midazolam group(n = 34)

RSS 3 (n), t: 5, 10, 15 (min) 11, 12, 20 16, 15, 26

RSS 4 (n), t: 5 , 10, 15 (min) 15, 20, 14 16, 16, 7

Patient satisfaction (1, 2, 3) † (n) 0, 3, 31  0, 5, 29

Surgeon satisfaction (1, 2, 3)† (n) 1, 3, 30 1, 6, 27

Prefers sedation for future MES (n) 33 (97%) 31 (91.1%)

Prefers general anaesthesia for future MES (n) 1 (2.9%) 3 (8.8%)

Intraoperative apnoea (n) 3 (8.8%) 0

Intraoperative movement (n) 3 (8.8%) 2 (5.8%)

Postoperative nausea (n) 0 2 (5.8%)

VAS > 3 (n) 11 (32.3%) 13 (38.2%)

Time to Aldrete score ≥ 8 (min) 8 +/- 2‡ 13 +/- 2‡
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methods of sedation were well accepted by the patients 
and surgeons. If future MES became necessary, most 
patients in the propofol group (97%) would choose local 
anaesthesia along with sedation. The experience of pain 
assessed by the VAS during and after the operation was 
similar in both groups of patients. The frequency of side 
effects was low in both groups. 

In an earlier prospective study of MES under local 
anaesthesia [3], temazepam (20 mg) was used for 
premedication and diazepam (2 mg iv) for sedation. 
Despite 89% of the patients having intense sensations 
(noise, anxiety) during the procedure, they would still 
prefer local anaesthesia to general anaesthesia for a 
similar operation in the future. In the earlier study, noise 
was the most unpleasant sensation experienced by 
the patients (25%) in all types of middle ear surgery. 
Hence, the author of that study advocated the use of 
appropriate sedation before bone drilling in MES under 
local anaesthesia. In a more recent trial [8], pethidine 
hydrochloride (50 mg) was given intramuscularly  for 
premedication and diazepam (5 to 10 mg iv) was 
administered during the operation to prevent patient 
agitation. Of 100 patients, 24 needed additional 
medication (diazepam iv) to control anxiety, and 73 would 
choose the same method of anaesthesia and sedation 
for another similar operation. In our study, more than 
90% of patients would choose local anaesthesia with 
sedation for any future MES. 

Dexmedetomidine, a new alpha-2 agonist  
anaesthetic agent, has also been used with success for 
sedation in MES [9], but it proved inferior to midazolam 
in patients undergoing cataract surgery [15].

Sedation regimens with propofol and midazolam 
have also been compared in other types of surgery. 
White et al. [16] found propofol infusion to be a clinically 
useful alternative to intravenous midazolam for sedation 
during ambulatory surgery under local or regional 
anaesthesia. Hasen et al. [17] compared intravenous 
midazolam with propofol infusion for conscious sedation 
during aesthetic surgery; both groups of patients had low 
recall of intraoperative pain and low levels of anxiety and 
nausea. Patient safety, outcomes, and satisfaction were 
similar in both groups. More than 90% of patients in both 
groups would choose the same anaesthetic again rather 
than undergoing general anaesthesia. These results are 
comparable with the results of our study. Propofol also 
proved to be a safe and efficacious drug for sedation 
during outpatient oral surgical procedures, with a small 
percentage of apneic episodes [18]. 

BIS measurements and RSS values are a valuable 
aid in determining the depth of sedation. In the present 
study, BIS values were maintained between 70 and 80 
in both groups. Higher BIS values may be appropriate 

in elderly patients, who have delayed recovery of 
psychomotor function [19]. Conscious sedation with 
higher BIS values is desirable during MES to allow the 
surgeon to communicate with the patient throughout 
the operation and to test the patient’s  hearing after any 
hearing restoration procedure (3).  

It is known that propofol decreases heart rate, 
because it reduces sympathetic nervous system activity 
[20]. Our patients in the propofol group had significantly 
lower heart rates than those in the midazolam group. 
These results were probably clinically unimportant, 
because all heart rates were within the normal range.

An interesting observation in our study was the trend 
towards higher ventilatory frequencies in both groups. 
It is possible that the respiratory depressant effect of 
propofol and midazolam had resulted in a decrease in 
the patients’ tidal volume, and the observed increase 
in ventilatory frequency was thus a compensatory 
response to maintain adequate minute ventilation [15]. 

The apneic episodes in the propofol group (8.8%) 
appeared after induction of sedation and could not 
have been caused by intravenous fentanyl, which was 
given later during the operation.  In Ferguson’s study of 
transoesophageal echocardiography [21], the incidence 
of respiratory depression was higher in patients 
receiving deep sedation with propofol than in patients 
who were only lightly sedated (17.6% vs. 12.5%). 
The postoperative nausea observed in both groups 
of our patients may have been caused by fentanyl. 
Postoperative nausea and dizziness can be prevented 
by preoperative administration of antiemetics [22]. In our 
study, postoperative nausea was treated with a single 
dose of granisetron (1 mg iv).  

Our study has some limitations. Propofol and 
midazolam have a number of favourable properties 
when used for conscious sedation. However, serious 
side effects such as respiratory depression, hypotension, 
and sudden patient movement are possible and should 
be considered. Abrupt movement and agitation that were 
observed in both groups of patients in the present study 
can be particularly dangerous during microscopical 
procedures like ear surgery. 

Two of our patients, one each from the propofol 
and midazolam groups, became very agitated after 
a standard dose of the drug. Conversion to general 
anaesthesia was required to complete the operation, 
and both patients were excluded from analysis. In the 
study of MES under local anaesthesia reported by 
Young [3], 24% of patients experienced intense anxiety, 
and intense claustrophobia unexpectedly developed in 
9.3%. 

In our department, midazolam (7.5 mg) is the only 
drug used routinely for premedication in middle ear 
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surgery under local anaesthesia. It was thus used for 
premedication in both patient groups. Some synergistic 
action of oral midazolam with intravenous propofol and 
midazolam was quite possible [4]. Moreover, some 
interaction of the sedative regimen with other drugs 
like fentanyl may have occurred, as well. However, 
it would have been unethical to carry out MES under 
local anaesthesia without giving the patients adequate 
premedication and without making rescue medication 
available during and after the operation. 

Recovery from sedation was significantly slower 
in the midazolam group compared with the propofol 
group. Nevertheless, flumazenil was not administered 
because the sedative action of midazolam subsided 
spontaneously  [23].

One of the main benefits of MES under local 
anaesthesia is to enable the surgeon to communicate 
with the patient throughout the procedure and to test the 
patient’s hearing after a hearing restoration procedure. 
The voice/whisper test is a quick and effective way of 
testing the hearing gain and identifying the best position 
of the ossicular prosthesis. It is natural for patients to 
feel nervous under local anaesthesia because they do 
not know what to expect during the operation. Hence, 
careful selection and preparation of patients for the 
procedure and appropriate sedation throughout the 
operation are extremely important. The anaesthesia 

team has an important role in providing the desired 
level of sedation and monitoring vital signs to detect any 
serious adverse effects of the sedative and  analgesic 
drugs [3]. 

Our study has shown that propofol and midazolam 
can be used safely for sedation in MES under local 
anaesthesia. Both methods of sedation were well 
accepted by the patients and the surgeons. Further 
studies are needed to assess the suitability of other 
sedative and analgesic drugs (e.g., dexmedetomidine 
and remifentanil) for this type of operation. 

 We conclude that, although our study has some 
limitations (small patient sample and a few serious side 
effects), our results bring to light some new aspects of 
sedation in the practice of MES under local anesthesia. 
Compared with midazolam, propofol appears to be 
more suitable for this type of operation  because it is 
associated with a faster recovery time.
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