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Sedation in patients above 60 years of age undergoing 
urological surgery under spinal anesthesia: 
Comparison of propofol and midazolam infusions

Yaddanapudi S, Batra YK, Balagopal A, Nagdeve NG

ABSTRACT
Context: Propofol and midazolam are commonly used sedatives during regional anesthesia in adults. Smaller 
doses of these drugs are required in older age due to altered pharmacokinetics and pharmacodynamics. 
Aims: To study the sedation, side-effects and the costs involved with smaller doses of propofol and midazolam 
in patients aged above 60 years during spinal anesthesia. Settings and Design: A randomized single-blind study 
was conducted in 60 ASA I-II patients aged ≥60 years undergoing urological surgery under spinal anesthesia. 
Materials and Methods: Sedation was administered after spinal anesthesia using propofol (bolus 0.4 mg/kg; 
infusion 3 mg/kg/hr) or midazolam (bolus 0.02 mg/kg; infusion 0.06 mg/kg/hr) and titrated to achieve a sedation 
score of 3 on the modified Observer�s Assessment of Alertness/Sedation Scale. Perioperative sedation, 
hemodynamics and respiratory events were monitored. Statistical Analysis: The analysis for parametric data 
was done using Student�s unpaired t test and the incidence data using Chi-square test. Results: The onset 
(13.0±4.2 vs. 18.8±4.2 min, P<0.001) and offset (8.9±2.8 vs. 12.5±3.5 min, P<0.001) of sedation were faster 
and the duration of adequate sedation longer (44.7±12.5 vs. 29.8±12.9% of total infusion time, P<0.001) with 
propofol than midazolam. More patients receiving propofol compared to midazolam had hypotension (16 [50%] 
vs.4 [14.3%], P=0.003). Airway obstruction occurred frequently in both the groups. Sedation was significantly 
more expensive with propofol than midazolam (US$ 9.83 ± 2.80 vs. US$ 0.33 ± 0.06, P<0.001). Conclusions: 
Propofol provided better titration and adequacy of sedation than midazolam in patients above 60 years of age, 
but caused hypotension. Lighter sedation is recommended in this age group.
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Original Article

B oth propofol and midazolam are commonly used for 
sedation during regional anesthesia in young adults 

and provide good and easily controllable sedation.[1-5] Elderly 
patients require smaller boluses of these drugs due to lower 
initial distribution volume of propofol[6] and age-related 
pharmacodynamic sensitivity to midazolam.[7,8] In addition, 
prolonged elimination half-life of the drugs necessitates about 
25% decrease in their infusion rates in the elderly.[2,9] Due to 
paucity of literature in older patients, we studied the sedation, 
hemodynamic and respiratory effects and the costs involved 
with smaller doses of propofol and midazolam in patients 
aged above 60 years undergoing urological surgery under spinal 
anesthesia.

Materials and Methods

After approval of the Institute Ethics Committee, 60 ASA 
Grade I and II patients with age ≥ 60 years undergoing 
elective urological procedures of 45-120 min duration under 

spinal anesthesia were included in a prospective randomized 
single-blind study. Patients with any contraindication to spinal 
anesthesia and those chronically using benzodiazepines were 
excluded from the study.

A written informed consent for the study was obtained from the 
patients. No sedative premedication was used. Fluid preloading 
was done with 500 ml of 0.9% saline solution intravenously. 
Spinal anesthesia was administered with a 26G Quincke spinal 
needle at the L3-4 intervertebral space using 2.5 to 3 ml of 0.5% 
hyperbaric bupivacaine. The upper level of sensory block was 
ascertained after 10 min by assessing the cold sensation to an 
alcohol swab.

The patients were randomly assigned to receive either propofol 
or midazolam for sedation and were blinded to the drug used. 
Random numbers were generated using Microsoft Excel version 
4.0 and simple randomization technique by the first author. 
Sealed coded envelopes were used to conceal the random 



172 J Postgrad Med July 2007 Vol 53 Issue 3!

!

This
 P

DF is
 av

ail
ab

le 
for

 fre
e d

ow
nlo

ad
 fro

m

a s
ite

 ho
ste

d b
y M

ed
kn

ow
 P

ub
lic

ati
on

s 

(w
ww.m

ed
kn

ow
.co

m).

numbers. The envelope was opened after the patient had been 
enrolled in the study by the third author. The investigator 
was not blinded to the sedative drug. A bolus of 0.4 mg/kg of 
propofol was administered followed by a continuous infusion at 
the initial rate of 3 mg/kg/hr. One ml of 2% lignocaine was given 
intravenously prior to the injection of propofol. Midazolam 
was given as a bolus of 0.02 mg/kg followed by an infusion 
at the initial rate of 0.06 mg/kg/hr. One percent solution of 
propofol and 0.1% solution of midazolam was administered 
using a syringe infusion pump (JMS syringe infusion pump). 
The infusion was started approximately 5 min after the spinal 
anesthesia. The patients received oxygen with a Hudson�s face 
mask (4 L/min) throughout the procedure.

Sedation was assessed using the responsiveness component of 
the modified Observer�s Assessment of Alertness/Sedation Scale 
(OAA/SS) (Appendix).[10] A score of 3, i.e., patient asleep but 
responding to name spoken loudly or repeatedly, was defined as 
the target sedation. Sedation was measured just before the start 
of sedative infusion and every 5 min thereafter. The infusion rate 
was altered by one-third of the initial infusion rate to achieve 
the target sedation. The infusion was terminated about 5 min 
before the end of the surgical procedure. The primary outcome 
measures were the onset and offset of sedation and the duration 
of adequate sedation. The time taken from the start of infusion 
to reach the target sedation was defined as the onset time and 
the time from the end of infusion to complete patient awakening 
(a score of 5 on OAA/SS) was defined as the offset time. The 
percentage of total infusion time for which the patients stayed 
at the target sedation was termed as the duration of adequate 
sedation. The number of patients in whom the target sedation 
was not attained (undersedation) or exceeded (oversedation), 
was classified as inappropriate sedation. The cost of sedation 
was calculated based on the total amount of drug used.

Intraoperative monitoring consisted of heart rate, noninvasive 
blood pressure, ECG, oxygen saturation using pulse oximetry 
(SpO2) and respiratory rate. Heart rate < 60 bpm or 20% less 
than the baseline was defined as bradycardia and treated with 
0.25 mg of i.v. atropine. Systolic blood pressure < 90 mmHg 
or 20% less than the baseline was defined as hypotension and 
treated with i.v. boluses of 3 mg of mephenteramine, i.v. fluids 
and if required, decreasing the infusion rate of the sedative drug. 
The infusion rate was decreased by a third of the initial rate 
if hypotension did not respond to fluid bolus and three doses 
of mephenteramine or lasted for five or more minutes. Any 
episodes of hypoxia (SpO2 < 95%), apnea or airway obstruction 
were recorded and treated by administering 100% oxygen 
(using an anesthesia mask and a Magill breathing system), 
awakening the patient, relieving the airway obstruction, mask 
ventilation and if required, decreasing the infusion rate of the 
sedative drug. The infusion rate was decreased by a third of 
the initial rate if the airway obstruction was not relieved by 
awakening or lasted for five or more minutes. The incidence of 
hemodynamic and respiratory side-effects were the secondary 
outcome measures.

Severity of nausea and number of episodes of vomiting were 
monitored intra- and postoperatively for 24h. The severity of 

nausea was scored on a 0-10 verbal numerical rating scale with 0 
representing no nausea and 10 representing the worst imaginable 
nausea. Any patient with a nausea score of 3 or more or an 
episode of vomiting was treated with 4 mg of i.v. ondansetron. 
Occurrence of other side-effects such as pain on injection and 
shivering was recorded.

A mean difference in onset of sedation of 4 min with a standard 
deviation of 4 min was considered significant and was used to 
calculate the sample size. A total of 27 patients per group were 
required to detect this difference with an α error of 0.05 and a 
power of 95%. A total of 60 patients were enrolled to adjust for 
exclusion of patients.

Parametric data were expressed as mean ± standard deviation (SD) 
and analyzed using Student�s unpaired t test. Nonparametric 
data were expressed as median and interquartile range (IQR) 
and analyzed using Mann-Whitney U test. Incidence of 
inappropriate sedation and of side-effects were analyzed using 
Chi-square test. A P value < 0.05 was considered statistically 
significant.

Results

Sixty patients were enrolled in the study during the period 
April 2002 to March 2003. Of these, 32 received propofol and 
28 received midazolam for sedation. No patient was excluded 
from the study after enrollment. Patients in the two groups were 
comparable with respect to age, weight, gender distribution 
and duration of sedative infusion and surgery [Table 1]. The 
median (IQR) upper level of sensory block attained after spinal 
anesthesia was T10 (T8 - T10) in both the groups. The various 
surgical procedures that the patients underwent are listed in 
Table 1. The distribution of various surgical procedures in the 
two groups was not significantly different (P = 0.067, Chi-
square test).

The onset and offset times and the duration of adequate 
sedation were found to be normally distributed (onset time: 
SEM 0.66, skewness −0.075, kurtosis −0.452; offset time: SEM 
0.46, skewness 0.4, kurtosis 0.328; duration of adequate sedation: 
SEM 1.89, skewness 0.609, kurtosis −0.408)). Thus parametric 
statistical methods were applied for these parameters. The 
onset as well as the offset of sedation were significantly faster 
with propofol than with midazolam. The duration of adequate 
sedation was significantly longer in the propofol group compared 
to the midazolam group [Table 2]. Three patients in the 
propofol group and seven in the midazolam group remained 
undersedated throughout the procedure. Two patients in 
each group were oversedated. The incidence of inappropriate 
sedation was statistically similar in the two groups [Table 2].

The incidence of hypotension was significantly higher in the 
propofol group than the midazolam group [Table 3]. There 
were 21 episodes of hypotension in 16 patients in the propofol 
group and four episodes in as many patients in the midazolam 
group. All episodes of hypotension were initially treated with 
3 mg of mephenteramine. Two patients in the propofol group 
required an additional 6 mg of mephenteramine and a decrease 
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in the rate of propofol infusion for the treatment of hypotension. 
One patient each in the propofol and midazolam group had an 
episode of bradycardia requiring treatment with atropine.

Seven patients in each group had intraoperative airway 
obstruction. A decrease in the rate of sedative infusion was 
required to relieve obstruction in two patients in each group. 
No patient had airway obstruction postoperatively. There were 
no episodes of apnea or hypoxia in any patient. None of the 
patients had nausea or vomiting in either group intraoperatively. 
One patient in each group had nausea postoperatively with 
nausea scores being 1 and 2 and did not require any treatment. 

One patient in the midazolam group became restless and 
agitated 20 min after the start of midazolam infusion. These 
symptoms persisted on increasing the rate of infusion, but 
disappeared within 10 min of stopping the infusion. One patient 
in the propofol group complained of pain in the forearm after 
the start of propofol infusion which subsided within 5 min. 
One patient in the propofol group had shivering intra- and 
postoperatively.

The total amount of propofol used for sedation was 221.3 ± 62.9 
mg and that of midazolam was 4.2 ± 0.8 mg. The cost of a vial 
containing 200 mg of propofol at the time of the study was US$ 
8.89 and that of 5 mg of midazolam was US$ 0.39. The total 
cost of propofol sedation (US$ 9.83 ± 2.80) was significantly 
higher than that of midazolam sedation (US$ 0.33 ± 0.06) 
(Student�s t test, P<0.001, degree of freedom 58, confidence 
interval 8.45 to 10.57).

Discussion

The goals of sedation during regional anesthesia include 
rapid achievement of adequate sedation, its maintenance at a 
constant level during the surgical procedure and awakening the 
patient quickly at the end. This can be attained by continuous 
infusion of sedative drugs preceded by a bolus. A wide range 
of doses of propofol (0.25-0.5 mg/kg; 1.5-4.5 mg/kg/hr) and 
midazolam (0.025-0.5 mg/kg; 0.05-0.5 mg/kg/hr) have been used 
for this purpose.[11] We selected a smaller bolus and a slower 
infusion rate for both the drugs.

Table 1: Demographic data
  Propofol (n = 32) Midazolam (n = 28)

Age (years)*  70.8 ± 7.9 70.2 ± 6.7
Weight (kg)*  62.3 ± 12.4 64.1 ± 8.3
Male patients�  31 (96.9) 26 (92.9)
Duration of sedative infusion (minutes)* 60.0 ± 13.1 63.2 ± 11.6
Duration of surgery (minutes)* 62.3 ± 12.3 58.9 ± 12.6
{Median [25-75% interquartile range]} {60 [52.8 - 73.8]} {55[50 - 68.8]}
Surgical procedures� Transurethral resection  14 (43.8) 6 (21.4)
 of prostate
 Transurethral resection  6 (18.8) 11 (39.3)
 of bladder tumor
 Cystopanendoscopy 8 (25) 5 (17.9)
 Others 4 (12.5) 6 (21.4)

*Values expressed as mean ± SD and analyzed using Student�s t test; �Values expressed as number (%) of patients and analyzed using Chi-square test; 
Other surgical procedures included total penectomy, cystolithotomy, open prostatectomy, ureteric stenting and bilateral orchidectomy

Table 2: Sedation: onset and offset of sedation, duration of adequate sedation and incidence of inappropriate sedation
Sedation Propofol (n = 32) Midazolam (n = 28)

Onset of sedation (min) (mean ± SD) 13.0 ± 4.2 18.8 ± 4.2*

Offset of sedation (min) (mean ± SD) 8.9 ± 2.8 12.5 ± 3.5�

Duration of adequate sedation (% of total infusion time) (mean ± SD) 44.7 ± 12.5 29.8 ± 12.9�

Number (%) of patients with inappropriate sedation [95% Confidence Interval] 5 (15.6) [9.2-22.0] 9 (32.1) [23.3-41.0] 

Onset of sedation: The time from start of infusion to the time of attaining the target sedation (a score of 3 on the responsiveness component of the 
modified OAA/SS). Offset of sedation: The time from end of infusion to the time of awakening (a score of 5 on the responsiveness component of the 
modified OAA/SS). Inappropriate sedation: Sedation more or less than the target sedation. *P < 0.001, degrees of freedom 58, confidence interval 
-7.96 to -3.60; �P < 0.001, degrees of freedom 58, confidence interval -5.21 to -1.98; �P < 0.001, degrees of freedom 58, confidence interval 8.26 to 
-21.42

Yaddanapudi, et al.: Sedation during spinal anaesthesia in older patients

Table 3: Number of patients with side-effects
Side effects Propofol (n = 32) Midazolam (n = 28)

Hypotension 16 (50.0) 4 (14.3)*
 [32.7-67.3] [1.3-27.2]
Bradycardia 1 (3.1) 1 (3.6)
 [-2.9-9.2] [-3.3-10.4]
Airway obstruction  7 (21.9) 7 (25)
 [7.6-36.2] [9.0-41.0]
Agitation 0 (0) 1 (3.6)
  [-3.3-10.4]
Pain on injection 1 (3.1) 0 (0)
 [-2.9-9.2]
Nausea 1 (3.1) 1 (3.6)
 [-2.9-9.2] [-3.3-10.4]
Shivering 1 (3.1) 0 (0)
 [-2.9-9.2]

P = 0.003 (Chi-square test), Figures represent number (%) [95% 
confidence inverval]
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We found that the target sedation was achieved much faster 
with propofol than with midazolam. It has been reported that 
when infusions are used without a prior bolus, the onset of 
sedation is similar with the two drugs.[4]

In our study, the target sedation was maintained for a longer 
period with propofol than midazolam (45 vs. 30% of infusion 
time). Also, sedation was maintained at the target level for only 
a fraction of the total infusion time unlike most of the earlier 
reports where adequate sedation lasted almost throughout the 
infusion.[2,4,5,12]

Approximately 16 and 32% of the patients in the propofol and 
midazolam groups were inappropriately sedated during the 
procedure. However, this was not statistically significant. Power 
analysis showed that this observed difference would have been 
statistically significant in a sample of 100 patients. Fanard et 
al also reported similar levels of inappropriate sedation during 
regional anesthesia (propofol-12%; midazolam-24%).[3] The 
factors that may have contributed to inadequate sedation in 
our study include: inability to increase the infusion rate due 
to hypotension or airway obstruction; prolonged time to reach 
target sedation due to small bolus, low infusion rate and slow 
circulation in the elderly patients; and difficulty in titrating the 
infusion rate of midazolam due to hysteresis in its concentration-
response curve.[6]

A wide variation in recovery from sedation is reported in the 
literature. The recovery times in the elderly in our study were 
similar to those observed earlier in young adults.[3] Shinozaki 
found similar initial clinical recovery in young adults and elderly 
after similar infusion rates and levels of sedation, but delayed 
psychomotor recovery in the elderly.[13] On the other hand, 
Wilson et al. found shorter offset times than our observations 
with both propofol and midazolam in young adults (2.3 and 9.2 
min).[4] The variation in different studies may be due to the use 
of different premedicants and wide interpatient variability of 
benzodiazepines.[6] We observed that recovery from sedation 
was much faster after propofol infusion than after midazolam. 
Similar findings are reported in young adults.[3,4]

We used a validated, well-discriminating clinical scoring 
method (OAA/SS) to assess sedation.[10] Such clinical methods 
necessitate stimulation of the patient for each assessment. 
However, Bispectral Index (BIS) and other EEG-based monitors 
cannot reliably distinguish between light and deep sedation and 
are agent-specific[14-17] and were not appropriate for this study.

The incidence of hypotension with propofol was three times 
higher than with midazolam, similar to earlier observations.[18] 
It was also higher than that reported in the literature (15.7%).[19] 
The elderly have diminished cardiovascular adaptation and 
reduced blood volume because of which both propofol infusion 
and spinal anesthesia result in frequent and profound episodes 
of hypotension.[19-21]

Both propofol and midazolam are known to cause apnea, 
arterial desaturation and airway obstruction in sedative 
doses.[22-25] Although none of our patients developed apnea or 

desaturation, airway obstruction occurred frequently in both 
the groups.[3,4] Benzodiazepines cause greater depression of 
upper airway muscle tone in the elderly resulting in a higher 
incidence of airway obstruction.[26] Administration of oxygen to 
all the patients during sedation and immediate relief of airway 
obstruction prevented the occurrence of oxygen desaturation 
in our study. The small size of the bolus and a slow infusion 
rate avoided apnea.

Since hypotension and airway obstruction were frequent in 
the elderly, it would be prudent to reduce the dosages of the 
sedative drugs further in these patients and maintain sedation 
at a lighter level (a score of 4 instead of 3 on OAA/SS).

Restlessness and agitation developed in one patient 20 min 
after the start of midazolam infusion and resolved on stopping 
it. Midazolam sometimes causes agitation and violence instead 
of tranquility (midazolam paradox). It is more frequent in the 
elderly and is completely reversible with flumazenil.[27]

Our incidence of nausea (3.3%) is much lower than the 9% 
reported in patients over the age of 60 years undergoing surgery 
under regional anesthesia.[28] Nausea and vomiting are not 
frequent following urologic procedures. Also, both propofol and 
midazolam are antiemetic.[28,29]

Sedation was 30 times more expensive with propofol than 
midazolam. However, the absolute cost of sedation with 
propofol (US$ 9.83 ± 2.80) was not very high. In addition, the 
cost of propofol in India has decreased markedly from US$ 8.89 
per 200 mg of the drug at the time of the study to approximately 
US$ 3.33 presently. A limitation of this analysis is that only the 
costs of the sedative drugs are used. The prolonged offset time 
of midazolam or hypotension due to propofol may necessitate 
a longer stay in the post-anesthesia care unit (PACU) and 
thus increase the total costs. We did not compute these latter 
costs, as in our hospital the patient pays only for the drugs and 
disposables used and the surgical procedure. He is not charged 
for the stay in the PACU. Staffing patterns in the PACU are 
constant and not dependent on the patient load.

Conclusion

Propofol provides better sedation than midazolam in terms 
of easy titration and adequacy of sedation in patients above 
60 years of age, but has the disadvantage of causing more 
hypotension. We recommend a lighter level of sedation 
in these patients to avoid side-effects. Further studies are 
required to determine whether light sedation is consonant 
with patient comfort.
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Appendix: Responsive component of the modified 
Observer’s Assessment of Alertness/Sedation Scale
Score Responsiveness

5 Awake and responds readily to name spoken in normal
 tone

4 Awake but lethargic response to name spoken in normal
 tone

3 Asleep but responds to name spoken loudly or repeatedly
2 Asleep but responds to mild prodding or shaking
1 Does not respond to mild prodding or shaking
0 Does not respond to noxious stimuli
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