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Background: An important concern of intra-operative infusion of remifentanil is the possible development of acute 

opioid tolerance, which manifests as an increased postoperative analgesia requirement. We have examined the effect 

of the timing of intra operative morphine administration on the need for morphine consumption for pain control 

during the first 24 hours after operation. 

Methods: Sixty adult patients scheduled for elective open unilateral nephrolithotomy surgery were recruited for 

this prospective randomized double-blind study. Anesthesia was induced with 0.03 mg/kg midazolam, 1 μg/kg 

remifentanil, and 1.5-2 mg/kg propofol. Anesthesia was maintained with 100 μg/kg/min propofol, and 0.25 μg/

kg/min remifentanil. Both groups received 0.1 mg/kg morphine intravenously at 2 different times; in the first group 

(group E) immediately after intubation and in the second group (group L) 20-30 min before the anticipated end of 

operation. 

Results: There was no difference in pain scores at awakening, the amount of morphine given to the 2 groups for pain 

control, or the time to discharge from PACU between the 2 groups. The pain scores at admission to ward and at every 

4 hours thereafter, until 24 hours, were not significantly different between the 2 groups. The cumulative amount of 

the first 24 hours morphine consumption in the ward in E group was 28.2 ± 20.1 mg and 26.5 ± 15 mg in L group, 

respectively (P = 0.71). 

Conclusions: Early intra-operative administration of morphine compared to that of morphine in the end of surgery 

did not affect postoperative morphine consumption and pain scores during the first 24 hours after surgery for open 

nephrolithotomy. Newer pharmacologic interventions for prevention of acute tolerance of opioids seems rational 

(Clinical trial registration No. ACTRN: 12609000570280). (Korean J Anesthesiol 2012; 63: 233-237)
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Introduction

Potent opioids with short duration of action are widely used 

as analgesic agents in anesthesia. Intra-operative infusion of 

remifentanil hydrochloride with propofol is an established 

technique that is commonly used to meet anesthesia needs. The 

ultra-short duration of action of remifentanil is independent of 

dose, allowing infusion of large doses throughout surgery with 

little risk of postoperative delayed awakening or respiratory 

depression [1,2]. However, this characteristic may be a disa

dvantage at the end of anesthesia as the rapid cessation of the 

effect of remifentanil can result in early and severe postopera

tive pain if the analgesic regimen has not been started prior to 

the end of surgery [3,4]. 

Another important concern with intraoperative infusion 

of remifentanil is the possible development of acute opioid 

tolerance and/or hyperalgesia, manifesting as an increased 

requirement for postoperative analgesic [5-8]. There is evidence 

that a high-dose infusion of a short- acting opioid during painful 

surgery may induce tolerance more rapidly than would be 

expected with a long-acting drug [9-14]. Profound tolerance 

has been demonstrated after only 60-90 min of remifentanil 

infusion in volunteers, [14] but the clinical consequences of 

acute tolerance to remifentanil have not been evaluated to date.

Various methods have been evaluated to attenuate the 

development of remifentanil induced hyperalgesia; the majority 

of these methods have focused on the N-methyl-D-aspartate 

antagonist, ketamine, with little if any benefit [15-17] Rotational 

regimens or combination of opioids have been proposed to 

decrease or prevent opioid-induced hyperalgesia [18]. In this 

study, we measured the total amount of morphine consumed 

by patients for postoperative pain control and pain scores 

during the first 24 hours after surgery. 

Materials and Methods

After approval by the Ethics Committee of Shiraz University 

of Medical Sciences a written informed consent was obtained 

from each participating patient, all of which were 60 adults aged 

40-70 years old, with American Society of Anesthesiologists 

physical status I or II scheduled to undergo elective open 

unilateral nephrolithatomy were recruited for this prospective 

randomized double-blind study. Patients were excluded 

preoperatively if they had a history of acute or chronic kidney 

injury, drug abuse, received any analgesic medications during 

the previous 48 hours or were unable to use a patient-controlled 

analgesia device. The patients were instructed to explain their 

pain according to a numerical rating scale (NRS) from zero 

(no pain) to 10 (worst imaginable pain). Randomization of the 

subjects using a computer generated random numbers was 

performed on the day of surgery. 

All patients received premedication with 5-10 mg diazepam 

the night before their operation. Electrocardiography, pulse 

oximetry, capnography, and non-invasive blood pressure 

monitoring was used in all patients. After preoxygenation, 

anesthesia was induced with 0.03 mg/kg midazolam, 1 μg/kg 

remifentanil, and 1.5-2 mg/kg propofol. Muscle relaxation was 

provided by 0.5 mg/kg atracurium and endotracheal intubation 

was done after 3 min of bag and mask ventilation. Mechanical 

ventilation was started to maintain normocarbia. Anesthesia 

was maintained with 100 μg/kg/min propofol, 0.25 μg/kg/min 

remifentanil, and a mixture of O2 and N2O in 50 : 50 ratios. Both 

groups received 0.1 mg/kg morphine intravenously diluted in 

normal saline to a concentration of 1 mg/ml at 2 different times; 

in the first group (group E) immediately after intubation and in 

the second group (group L) 20-30 min before the anticipated 

end of operation. The remifentanil infusion was adapted by the 

anesthetist in steps of 0.05 μg/kg/min according to variations of 

heart rate and arterial systolic pressure. Heart rate and systolic 

blood pressure were kept within 20% of pre-induction values. 

The patient’s bladder was catheterized according to routine 

practice.

Intravenous fluids were infused according to the anesthetist's 

discretion. After skin closure; end of surgery, propofol, and 

remifentanil administration were discontinued and residual 

neuromuscular blockade was antagonized with intravenous 

neostigmine and atropine. The trachea was extubated when 

patients where responsive to verbal commands, end-tidal 

carbon dioxide partial pressure was acceptable, and tidal 

volume was more than 5 mg/kg. Patients were transferred to 

the post anesthesia care unit (PACU) within 5 min after tracheal 

extubation. After awakening in PACU (T1), the pain score was 

recorded according to numerical rating scale by a nurse, who 

was blinded to the patient study assignments. If the NRS was 

more than 3, morphine was given intravenously, in increments 

of 1 mg, every 10 min until the pain score decreased to 3 or 

less. The total dose of morphine needed was recorded. Next, a 

patient-control analgesia pump (Microject, Sorenson Medical 

and West Jordan, UT, USA) was started. The morphine solution 

was prepared in 20 ml boluses with a concentration of 1 mg/

ml. The interval lockout time was 10 min and bolus dose was 

set to 2 mg without a background infusion. The maximum 

permissible dose was 20 mg.

Discharge from the PACU was with recommendation of the 

nurse and at the discretion of the anesthetist (T2). Each patient’s 

pain score at the arrival to ward (T3) and at every 4 hours 

thereafter, up to 24 hours were recorded by nurses blinded to 

treatment . No other analgesics were administrated during the 

24 hours observation period. The recorded NRS in each time 

scale, the total number of successful and unsuccessful attempts 
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of patients to activate the PCA pump, and total morphine 

consumption were recorded and compared between 2 groups 

with appropriated statistical tests.

The sample size was chosen on the basis of similar studies 

with a power of 90% with an α level of 0.05 and a minimal 

difference to be detected in a post-operative morphine con

sumption of 30%. Patient characteristics and clinical variables 

were compared using X2-test or t-test. Repeated measures 

analysis of variance was used for comparison of morphine 

consumption. The Mann-Whitney rank sum test was used for 

comparison of NRS pain scores. Data analysis was performed 

using SPSS software version 13 (Chicago, Il, USA).

Results

All 60 patients completed the study. Both groups were similar 

with respect to age, weight, gender, duration of anesthesia, 

and surgery and hemodynamic variables during the operation 

(Table 1). In addition, there was also no difference in pain scores 

at awakening, morphine given to the two groups for pain control 

and time to discharge from PACU between the 2 groups (Table 

2). There was no difference in pain scores (NRS) at admission 

to ward and at every 4 hours thereafter until 24 hours between 

the 2 groups. Median and 25-75% interquartile numeric rating 

scale pain scores of the patients in the recovery room, on arrival 

to ward, and at every 4 hours thereafter are shown in Fig. 1.

The cumulative dose of morphine used by the patients 

during the first post-op day was similar, as well. The cumulative 

first 24 hours morphine consumption in the ward in E group 

was 28.2 ± 20.1 mg and 26.5 ± 15 mg in L group (P = 0.71). No 

patient experienced a serious adverse effect. The total number 

of the patient attempts to activate the PCA pump and total 

number of successful drug delivery to the patients were similar 

in both groups (P = 0.96) (Table 2). 

Discussion

In this study, the time of morphine administration during 

the operation did not have any significant effect on the amount 

of morphine, post-operative, for pain control during the first 

24 hours. This is not in agreement with the untested clinical 

practice that uses a bolus of morphine prior to initiating 

remifentanil by infusion. However, this finding, is in agreement 

with 2 recent investigations in which fentanyl or morphine 

pretreatment in orthopedic surgery was used to reduce acute 

Fig. 1. Box and whisker plots showing median and 25-75% inter
quartile, numeric rating scale pain scores of the patients in the 
recovery room (R), on arrival to ward (OA) and every 4 hours there
after (Group E: Early morphine , Group L: Late morphine). Circles 
represent points that are > 1.5 times the interquartile range. Asterisks 
represent points that are > 3 times the interquartile range. *Than 
three times the interquartile range.

Table 1. Demographic Characteristics and Operation Data of Group 
E (Early Morphine) vs. Group L (Late Morphine)

Group E Group L P value 

Age (yr)
Weight (kg)
Duration of anesthesia (min)
Duration of operation (min) 
Sex (M/F)
Time to awakening (min) 

48.3 ± 12.4
64.4 ± 11.0

124.7 ± 40
118.9 ± 39

14/16
28.2 ± 20.1

49.8 ± 13.8
69.3 ± 12.3

128.1 ± 28
121.1 ± 29

17/13
31.3 ± 20.4

0.66
0.10
0.70
0.80
0.43
0.56

Data are presented as mean ± standard deviation. Group E: early 
administration of morphine, Group L: morphine administration at 
the end of surgery.

Table 2. Comparison of Pain Scores and Morphine Requirements between Group E (Early Morphine) vs. Group L (Late Morphine)

Group E Group L P value 

Pain on awakening (NRS)
Morphine consumption in PACU (mg) 
Patient stay in PACU (Min) 
Total patients attempt on PCA pump 
Successful patient attempts on PCA pump 
Cumulative used morphine in ward (mg) 

8 (7-10)
4.9 ± 2.1

95.5 ± 41.6
28 ± 26.9

14.1 ± 10
28.2 ± 20.1

8 (6-10)
4.8 ± 1.4

98.2 ± 38.1
25.6 ± 22.2
13.2 ± 7.6 
26.5 ± 15

0.38
0.77
0.79
0.96
0.95
0.71

Data are presented as mean ± SD or median (interquartile range). NRS: numerical rating scale, PACU: post-anesthesia care unit, PCA: patient-
controlled analgesia.
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tolerance to remifentanil [19,20].

Acute tolerance is reported by administration of many opioids 

including morphine, sufentanil, and alfentanil [9,10,12,13,21,22]; 

the intensity of tolerance has been reported by some investigators 

to be unrelated to the potency of the opioid used [13]. Although 

opioids with shorter duration of action show a faster develop

ment of tolerance, it is likely that the use of a different opioid, 

other than morphine, is not a good choice for preventing acute 

tolerance.

We could not comment on the development of remifentanil-

induced hyperalgesia because we considered it unethical to 

include a group with no morphine consumption perioperatively. 

However, based on previous studies [5-8], it is not unusual 

to see this phenomenon when low doses of remifentanil are 

used to treat pain for surgical operations. Even if our patients 

were susceptible, based on current study, we couldn’t find any 

relation between the timing of morphine administration and 

remifentanil-induced hyperalgesia. 

Some investigators recommend that development of remi

fentanil-induced hyperalgesia is related to duration and dose of 

used remifentanil rather than time of morphine administration 

[5,19,23]. This is in agreement with our findings as the duration 

of anesthesia and surgery was very similar in both groups in 

our study. We titrated the dose of remifentanil according to 

hemodynamic variables in our study, and we didn't saw any 

significant difference on analgesic needs between the 2 groups; 

remifentanil consumption was similar during the operation. 

However, this study was not powered to detect this difference in 

the analgesic requirements. 

Muñoz et al. [3] looked at the effect of timing of morphine 

administration on early post-operative pain score and recovery 

condition of patients after laparoscopic cholecystectomy with 

remifentanil based anesthesia. These researchers concurred 

with our results, in that they did not find any significant 

difference in patient pain scores in the recovery period; how

ever, they reported lower pain scores when 150 μg/kg morphine 

had been given more than 40 min before the end of surgery. 

This result was attributed by the investigators to a better 

matching between the time of morphine administration and 

its peak analgesia effect at the moment of arrival at the PACU 

rather than pre-emptive effects of morphine [3]. 

In conclusion, our study shows that earlier use of morphine 

during remifentanil-based anesthesia causes no less morphine 

consumption during the first 24 hours after surgery for open 

nephrolithatomy. We suggest future studies on analgesic re

quirements after remifentanil-based anesthesia that focus on 

the effect of the total dose and duration of remifentanil infusion 

on the development of acute tolerance. New pharmacologic 

interventions for prevention of this undesirable side effect seem 

rational as well. 
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