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Abstract 
 

Background: The objective of this study was to assess the effect of adding a very low dose of naloxone to a remifentanil infusion on 
postoperative pain in patients undergoing hip replacement surgery in the lateral position. 
Methods: This randomized clinical trial involved 80 patients who underwent hip replacement surgery under general anesthesia and 
were randomly assigned into two groups through block randomization: group 1 received remifentanil at a dose of 0.3 μg/kg/minute, 
while group 2 received remifentanil at a dose of 0.3 μg/kg/minute with a very low dose of naloxone administered at 0.05 μg/kg/hour 
following injection. Postoperative pain [measured using the visual analog scale (VAS)], drowsiness caused by narcotics and 
analgesics in recovery, and the duration of getting out of bed were all monitored and recorded in the ward. 
Results: The median [interquartile range (IQR)] of time to administration of the first sedative drug was 0 (0, 4) hours in the control 
group and 4 (0, 4) hours in the intervention group. The difference between the groups was statistically significant (P < 0.0001). The 
frequency of pain after surgery at 0, 4, and 8 hours was significantly different between the control and intervention groups  
(P = 0.003, P < 0.0001, and P = 0.021, respectively). 
Conclusion: Based on the results, we recommend using a very low dose of naloxone along with remifentanil infusion in patients 
undergoing complete hip replacement surgery to reduce their pain and the need for painkillers. 
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Background 

Orthopedic surgeries, such as total hip joint 
replacement, commonly have side effects, and among 
these, pain is a significant issue that affects various aspects 
of surgeries. It is necessary to take measures to prevent or 
reduce the severity of this complication during and after 
surgery. To minimize these problems and expedite patient 
recovery, anesthesiologists use analgesics like 
remifentanil (1-4). Remifentanil is a potent analgesic with 
a short-term effect, making it widely used during the 
intraoperative period and other treatment periods due to 
its favorable pharmacokinetic characteristics, including 
rapid onset and analgesic effects. Additionally, this 
medication reduces the risks of patient hypoventilation or 
delayed recovery from surgery (1). There is strong evidence 
suggesting that high doses of intraoperative remifentanil 
infusion lead to acute opiate tolerance (the effects of 
narcotic overdose). However, the findings of numerous 
clinical investigations are controversial (5). 

Many studies have shown that low-dose naloxone is 
associated with tolerance and hyperalgesia caused by 
narcotics (6). However, our search does not yield significant 
clinical studies on the effect of opioid antagonists on 
remifentanil-induced tolerance. Naloxone is a selective µ-
opioid receptor antagonist [similar to morphine receptors 
(µ)], commonly used in clinical practice to counteract the 

effects of narcotic overdoses, such as morphine, 
nalbuphine, and pentazocine. It can be administered in very 
low doses (0.08 to 1 mg) in combination with opioids to 
enhance the analgesic effect (7). Naloxone is also used to 
prevent the development of acute narcotic tolerance, 
increasing the duration of narcotic impact relative to the 
amount of drug used, and preventing side effects like 
hypoventilation, headache, nausea and vomiting, itching, 
urinary retention, ileus, and constipation caused by 
medication (8). Furthermore, by affecting pain receptors, 
naloxone prolongs the onset of pain after surgery (9, 10). 

Therefore, due to the effects of naloxone, adding a low 
dose as a complementary drug during surgeries that 
require high doses of narcotics may help anesthesiologists 
reduce pain (11). The aim of this study was to assess the 
impact of adding a very low dose of naloxone to a 
remifentanil infusion on postoperative pain in patients 
undergoing hip replacement surgery. 
 
Methods 

Study Design and Setting: Between 2019 and 2021, 
this clinical trial study included patients who had been 
admitted for complete hip replacement at Ghaem  
and Imam Reza Hospitals, Mashhad City, Iran. The study  
was registered with the Iranian Registry of Clinical  
Trials (IRCT) under the identification number 
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IRCT20220111053694N1 and ethics approval number 
IR.MUMS.MEDICAL.REC.1399.624. 

Participants: The participants consisted of 80 patients 
who had undergone total hip replacement surgery, were 
between 18 and 65 years old, had American Society of 
Anesthesiologists (ASA) I-II physical status (based on the 
physical status grading of the ASA), and had filled out the 
informed consent form. 

The exclusion criteria included a body mass index 
(BMI) of ≥ 30 kg/m2, pregnancy [based on beta-human 
chorionic gonadotrophin (B-HCG)], addiction to drugs and 
alcohol based on direct questioning, use of any pain 
relievers in the last 24 hours, unusual bleeding, cardiac 
ischemia, seizure history, a decrease or increase in blood 
pressure by more than 30% of the baseline value, and 
surgical complications such as prosthesis fracture or 
surgery expansion due to a large pelvic bone fracture. 
Additionally, patients with contraindications to 
anesthesia, previous chronic pain, and those who had 
received any narcotics about 12 hours before the operation 
were not included in the study. Postoperative exclusion 
criteria consisted of reoperation, excessive bleeding, and 
prolonged ventilation (> 12 hours).  

Surgical Procedure: In this study, the intervention 
group received naloxone infusion at a rate of 0.05 
µg/kg/hour. All patients were not allowed to use medicine 
and food for at least eight hours. Baseline heart rate (HR) 
and mean arterial pressure (MAP) were defined as the 
mean of the lowest measurements recorded during the  
3- to 5-minute interval before induction of anesthesia. 
General anesthesia was initiated with propofol (2-2.5 
mg/kg), fentanyl (2 µg/kg), and atracurium (0.5 µg/kg), 
while anesthesia depth was maintained via an infusion of 
propofol (150-300 µg/kg/minute) and remifentanil (0.3 
µg/kg/minute). MAP, HR, and oxygen saturation (SPO2) 
were continuously monitored. Once spontaneous 
breathing resumed, neostigmine (0.04 µg/kg) and 
atropine (0.02 µg/kg) were administered for reversal, 
followed by extubation. 

When hypotension (MAP < 60 mmHg) or bradycardia 

(HR < 45 beats/minute) occurred for more than five 
minutes, the patient was treated with ephedrine 10 mg or 
atropine 0.5 mg. Muscle relaxation was maintained by 
bolus doses of atracurium every 20-30 minutes, and after 
extubation, the patients were transferred to the recovery 
department, where they were given oxygen at a rate of five 
l/minute through a face mask. All patients were prescribed 
1000 mg of apotel in the last half hour of the operation. 
The remifentanil infusion was continued until the end of 
the operation. 

Values from all anesthesia monitors were recorded at 
five-minute intervals during surgery. 

During the recovery of the patients, in cases of nausea 
and vomiting, treatment with ondansetron was performed. 

Randomization: Before entering the operating room, the 
patients were randomly divided into groups in a ratio of 1:1 
in two equal parts using the block randomization method. 

Outcome: The primary outcome was a 10-point visual 
analog scale (VAS) for assessing pain. The pain of the 
patients was evaluated with the VAS pain scale after they 
were fully awake and able to answer the questions. A score 
of 0 indicated no pain, 1 to 4 indicated mild discomfort, 5 to 
6 indicated moderate pain, and 7 to 10 indicated severe pain. 

If the VAS score was below 4 and the patient did not 
express the need, they did not receive painkillers. If it was 
5 or 6, 500 mg of morphine was used per kilogram of 
weight. If it was 7, 8, or 9, narcotics were prescribed 
according to the doctor's opinion. Post-surgery pain, when 
the VAS score of the patients was higher than 4, was 
treated by nurses who were not aware of the classification 
of patient groups, with common painkillers in the 
department, such as apotel, etc. 

Secondary outcomes included the average time to the 
first sedative and cumulative dose of sedative medication. 

Sample Size: A sample size of 40 patients in each group 
was calculated according to the mean difference of the 
postoperative pain based on the VAS in patients receiving 
naloxone and patients receiving naloxone plus fentanyl 
reported in the Zheng et al. study (12) using α = 0.05, β = 0.1, 
and a 15% drop-out rate. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the evaluated and included patients 
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Table 1. Comparison of the frequency of pain scores at different hours after surgery in the intervention and control groups 

Variable  Intervention group [n (%)] Control group [n (%)] P-value 
Pain (0 hours) Without pain 7 (17.5) 0 (0) 0.003 

Mild 22 (55.0) 16 (40.0)  
Moderate 11 (27.5) 21 (52.5)  

Severe 0 (0) 3 (7.5)  
Pain (4 hours) Without pain 2 (5.0) 0 (0) < 0.001 

Mild 15 (37.5) 0 (0)  
Moderate 17 (42.5) 18 (45.0)  

Severe 6 (15.0) 22 (55.0)  
Pain (8 hours) Without pain 1 (2.5) 0 (0) 0.021 

Mild 7 (17.5) 2 (5.0)  
Moderate 24 (60.0) 36 (90.0)  

Severe 8 (20.0) 2 (5.0)  
Pain (12 hours) Without pain 4 (10.0) 2 (5.0) 0.648 

Mild 27 (67.5) 27 (67.5)  
Moderate 9 (22.5) 11 (27.5)  

Pain (24 hours) Without pain 20 (50.0) 20 (50.0) > 0.990 
Mild 20 (50.0) 20 (50.0)  

 
Statistical Analysis: The SPSS software (version 26, IBM 

Corporation, Armonk, NY, USA) was used to analyze data. 
Normal distribution was checked using the Kolmogorov-
Smirnov test. For normal distribution, data were described 
as mean ± standard deviation (SD), otherwise as median 
(quartile 25, quartile 75). Qualitative data were described 
as frequencies (percentages). The chi-square test was used 
to examine the relationship between qualitative variables. 
The comparison between two groups was done using an 
independent t-test or its non-parametric equivalent. A 
significance level of P < 0.05 was considered significant. 
 
Results 

Patient Characteristics: This study involved 80 patients 
admitted to Ghaem and Imam Reza Hospitals, who were 
separated into two groups: one group receiving 
remifentanil plus a very low dose of naloxone (n = 40), and 
the other group receiving only remifentanil (n = 40) during 
surgery (Figure 1). The average age of the participants was 
47.08 ± 19.48 years (intervention group: 47.15 ± 19.43, control 
group: 47.02 ± 19.53). There was no statistically significant 
difference in age between the two groups (P = 0.97). In terms 
of gender distribution, the intervention group consisted of 
18 men (45%) and 22 women (55%), whereas the control 
group had 28 men (70%) and 12 women (30%), showing a 
significant difference between the groups in gender 
composition (P = 0.024). Based on the collected data and the 
chi-square test, the number and type of drugs used 
(morphine, methadone, apotel, pethidine) were similar 
between the control and intervention groups at 0, 4, 8, 12, 
and 24 hours. There was no significant difference between 
the two groups in this respect (P > 0.990). 

Pain Scores: The data in table 1 indicate a significant 
difference in the pain score frequencies between the two 
groups immediately after surgery (at 0 hours) (P = 0.003). 

This indicates that a very low dose of naloxone 
effectively reduced postoperative pain at 0 hours. 
Additionally, the frequency of pain after surgery at 4 and 8 
hours showed a significant difference between the two 

groups (P < 0.0001, P = 0.021, respectively). However, no 
significant differences were found between the control 
and intervention groups during the other hours of the 
study (P > 0.05). 

According to the data in table 2, the frequency of pain 
after surgery in women was significantly different 
between the control and intervention groups only at 4 
hours after the operation (P = 0.006). No significant 
difference was observed between the two groups during 
the remaining hours examined (P > 0.05). 

According to table 3, the frequency of pain scores after 
surgery in men at 0 and 4 hours was significant between 
the two groups (P = 0.031, P = 0.001, respectively), 
indicating the effect of very low dose naloxone in reducing 
postoperative pain at this time points. However, no 
significant difference was observed between the control 
and intervention groups for the remaining hours under 
investigation (P > 0.05). 

Additionally, by using logistic regression to analyze 
the influence of gender on pain scores in both groups, we 
found that after accounting for gender effects, there was a 
significant difference in pain intensity frequency between 
the two groups. Importantly, the intervention group 
demonstrated a notably lower frequency of pain scores 
compared to the control group (P = 0.003). 

Average Time to the First Sedative: According to the 
data in table 4, the median [interquartile range (IQR)] of 
time to administration of the first sedative drug was 0 (0, 
4) hours in the control group and 4 (0, 4) hours in the 
intervention group. The difference between the two 
groups was statistically significant (P < 0.0001), suggesting 
that the time to the first sedative in the intervention 
group was significantly longer than in the control group. 
Additionally, when examining the average time to the first 
sedative for women, no significant difference was found 
between the groups (P = 0.061). However, among men, 
there was a significant difference, with the intervention 
group experiencing a notably longer time before receiving 
the first sedative compared to the control group (P < 0.0001). 

 
Table 2. Comparison of the frequency of pain scores in different hours after the operation in the intervention and control groups in women 

Variable  Intervention group [n (%)] Control group [n (%)] P-value 

Pain (0 hours) Without pain 4 (18.2) 0 (0) 0.120 
Mild 11 (50.0) 4 (33.3)  

Moderate 7 (31.8) 7 (58.3)  
Severe 0 (0) 1 (8.3)  

Pain (4 hours) Mild 9 (40.9) 0 (0) 0.006 
Moderate 10 (45.5) 5 (41.7)  

Severe 3 (13.6) 7 (58.3)  
Pain (8 hours) Without pain 1 (4.5) 0 (0) 0.221 

Mild 4 (18.2) 0 (0)  
Moderate 13 (59.1) 11 (91.7)  

Severe 4 (18.2) 1 (8.3)  
Pain (12 hours) Without pain 0 (0) 1 (8.3) 0.278 

Mild 17 (77.3) 7 (58.3)  
Moderate 5 (22.7) 4 (33.3)  

Pain (24 hours) Without pain 13 (59.1) 5 (41.7) 0.331 
Mild 9 (40.9) 7 (58.3)  
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Table 3. Comparison of the frequency of pain scores at different hours after surgery in the intervention and control groups in men 

Variable  Intervention group [n (%)] Control group [n (%)] P-value 

Pain (0 hours) Without pain 3 (16.7) 0 (0) 0.031 
Mild 11 (61.1) 12 (42.9)  

Moderate 4 (22.2) 14 (50.0)  
Severe 0 (0) 2 (7.1)  

Pain (4 hours) Without pain 2 (11.1) 0 (0) 0.001 
Mild 6 (33.3) 0 (0)  

Moderate 7 (38.9) 13 (46.4)  
Severe 3 (16.7) 15 (53.6)  

Pain (8 hours) Mild 3 (16.7) 2 (7.1) 0.063 
Moderate 11 (61.1) 25 (89.3)  

Severe 4 (22.2) 1 (3.6)  
Pain (12 hours) Without pain 4 (22.2) 1 (3.6) 0.138 

Mild 10 (55.6) 20 (71.4)  
Moderate 4 (22.2) 7 (25.0)  

Pain (24 hours) Without pain 7 (38.9) 15 (53.6) 0.331 
Mild 11 (61.1) 13 (46.4)  

 
Table 4. Comparison of the average time to the first sedative in the intervention 
and control groups in men and women and in general 
Factor  N Median  

(q25, q75) 
P-value* 

Time to first sedative drug     
Control 40 0 (0, 4) < 0.0001 

Intervention 40 4 (0, 4)  
Time to first sedative drug     

Men Control 28 0 (0, 4) < 0.0001 
Intervention 18 4 (3, 6.5)  

Women Control 12 0 (0, 3) 0.0610 
Intervention 22 4 (0, 4)  

*Mann-Whitney test 
Q: Quartile 

 
Cumulative Dose of Sedative Medication: According  

to the data in table 5, the average cumulative dose of 
morphine and methadone received in the first 24 hours 
was significant between both groups. The control group 
had a significantly higher cumulative dose of morphine 
and methadone in the first 24 hours compared to the 
intervention group (P < 0.0001, P < 0.002, respectively). 
 
Discussion 

Recently, the combination of the µ-receptor 
antagonist, naltrexone or naloxone, with oxycodone or 
buprenorphine has been used to enhance the analgesic 
effects of opioids and prevent the development of physical 
tolerance. Although naloxone and intermediary receptors 
are involved in the analgesic effects, they do not have a 
direct analgesic effect and can cause dysphoria, 
hallucinations, and respiratory stimulation. Multiple 
mechanisms have been proposed to explain the effects of 
very low doses of naloxone when administered 
simultaneously with remifentanil. Animal experiments 
have shown that naloxone can prevent microglial 
activation and superoxide production, thereby protecting 
neurons from damage. This neuroprotective effect of 
naloxone may inhibit the growth of drug tolerance, 
considering that neuronal apoptosis is a pathological 
process that occurs during the development of drug 
tolerance (13). Naloxone also binds to a pentapeptide 
section of the protein filamin A and prevents G protein 
coupling (Gi/o to Gs) by opioid receptors (9). 

This mechanism may explain the inhibition of 
tolerance to drugs due to desensitization of the opioid 
analgesic system (14). Additionally, naloxone affects the 

toll-like receptor 4 (TLR4) receptor and inhibits 
neuroinflammation, which plays a role in inhibiting the 
development of tolerance caused by drugs (15). 

The results of our study indicated a significant 
difference in pain frequency after surgery at 0, 4, and 8 
hours between the control and intervention groups. This 
indicates that administering a very low dose of naloxone 
can help lower pain intensity within the first 8 hours 
following total hip replacement surgery. However, at 12 
and 24 hours post-surgery, there was no significant 
difference in the frequency of pain between the 
intervention and control groups, suggesting both groups 
experienced comparable levels of pain intensity during 
that period. A study conducted by Peivandi et al. found 
that adding a very low dose of naloxone to intrathecal 
morphine did not significantly reduce the intensity of 
postoperative pain (16). However, Makarem et al. 
concluded that adding a low dose of naloxone to 
remifentanil was effective and useful in reducing the 
frequency and intensity of postoperative pain and 
hyperalgesia in patients under general anesthesia for 
laparotomy hysterectomy (17), which is in line with the 
results of our study. 

Several mechanisms, including drug-induced 
hyperalgesia, tolerance, and withdrawal syndrome, have 
been suggested to increase pain intensity after drug 
administration. Pain from drug tolerance usually occurs at 
the site of tissue damage and can be relieved with 
additional analgesics. On the other hand, opioid-induced 
hyperalgesia (OIH) is perceived in distant areas from the 
site of tissue damage and is experienced throughout the 
body. The intensity of OIH pain increases with the 
administration of additional analgesics. However, OIH can 
be managed by reducing the dose of the drug or using N-
methyl-D-aspartate (NMDA) receptor antagonist drugs 
such as ketamine. Nevertheless, sudden discontinuation 
of remifentanil infusion may cause acute withdrawal 
syndrome. Various mechanisms contribute to OIH, such as 
central sensitization resulting from reduced reuptake or 
heightened release of excitatory neurotransmitters (like 
glutamate and aspartate), a decrease in opioid receptors 
within the gray matter, heightened pain responses, and 
genetic factors. However, few studies have quantitatively 
examined these mechanisms.  

 
Table 5. Comparison of the average cumulative dose of sedative medication received in the first 24 hours between the control and intervention groups 

Variable  N Mean ± SD Minimum Maximum P-value 

Cumulative dose of morphine in the first 24 hours Control 32 13.43 ± 4.10 5.0 20.0 < 0.0001 
Intervention 38 9.40 ± 3.36 2.5 15.0  

Cumulative dose of pethidine in the first 24 hours Control 2 17.50 ± 3.53 15.0 20.0 0.0700 
Intervention 3 7.50 ± 4.30 2.5 15.0  

Cumulative dose of methadone in the first 24 hours Control 3 15.00 ± 5.00 10.0 20.0 0.0020 
Intervention 7 4.63 ± 2.67 2.5 10.0  

Cumulative dose of apotel in the first 24 hours Control 28 1392.86 ± 727.32 1000.0 3000.0 0.0800 
Intervention 26 1067.92 ± 577.79 500.0 2500.0  

SD: Standard deviation 
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Naloxone acts as a dual-phase pain modulator, with 
low doses enhancing analgesic narcotic effects and higher 
doses reversing narcotic-induced analgesia. The precise 
mechanism of low-dose naloxone has not been identified, 
but it is believed to arise from the antagonism or 
modification of NMDA and opioid receptor activity, which 
is considered a primary factor in its pain-relieving effects. 
Movafagh et al. also reported that low-dose naloxone 
infusion was associated with lower morphine doses 
following surgery in hysterectomy patients (18). 

The notable difference in the average time to the first 
sedative between the two groups demonstrates the 
considerable effect of a very low dose of naloxone in 
minimizing pain and reducing the postoperative need for 
analgesics. Our study identified a notable gender difference 
in the timing of postoperative sedative administration. 
Among women, there was no significant difference between 
the control and intervention groups in the time of the first 
sedative. However, in men, the intervention group showed a 
significantly longer delay before requiring the first sedative 
compared to the control group. This indicates that 
naloxone may have a stronger impact on delaying sedation 
in men. These results could be linked to physiological and 
hormonal variations between men and women in their 
response to opioids and opioid antagonists. 

Naloxone is an antagonist drug that competitively 
binds to opioid receptors, and it can reduce the analgesic 
effects of morphine. Therefore, naloxone is widely used to 
manage complications related to morphine abuse or 
excessive use. In our study, the intervention group had 
significantly lower cumulative doses of sedative drugs, 
morphine, and methadone in the first 24 hours after 
surgery compared to the control group. This finding is 
consistent with other findings in this study, indicating the 
significant effect of a very low dose of naloxone in 
reducing the need for sedative drug use after surgery. 
Another study conducted by Koo et al. demonstrated that 
combining low-dose naloxone with high-dose 
remifentanil reduced postoperative hyperalgesia, though 
it did not lower postoperative pain intensity (19). Naloxone 
can also inhibit narcotic receptors in both the spinal cord 
and higher nerve levels, leading to hyperalgesia. Most 
studies in this field have investigated hyperalgesia caused 
by chronic opioid administration, and evidence for acute 
OIH is scarce. Another study has shown that individuals 
receiving naloxone experienced significantly lower levels 
of postoperative pain compared to those receiving saline, 
suggesting that naloxone's ability to block opioid 
receptors can increase postoperative pain relief. Our study 
also concluded that the frequency of pain intensity 
differed significantly between the intervention and 
control groups, even without considering gender, with the 
intervention group experiencing significantly lower pain 
intensity. This demonstrates that a very low dose of 
naloxone can be used to reduce pain intensity and 
decrease the need for analgesics in the initial 8 hours after 
surgery, regardless of gender. 

One of the limitations of this study was its relatively 
small sample size. For better investigations, studies in the 
form of clinical trials with a larger sample size can be used. 
Another weakness of this study was that patients in the 
wards were attended to by various nurses when we 
monitored them and administered painkillers based on 
their individually assessed VAS, following the protocol. 
 
Conclusion 

Based on the results obtained, we recommend using 

very low doses of naloxone in conjunction with 
remifentanil infusion for patients undergoing surgery. 
This approach effectively reduces pain and minimizes the 
need for painkillers in these patients. Additionally, it is 
essential to provide a comprehensive explanation to the 
patient regarding the benefits and potential 
complications associated with the surgery. 

Studies are recommended to be conducted in the form 
of clinical trials, particularly in specialized departments 
like the intensive care unit (ICU), utilizing a distinct pain 
control protocol. It is also advisable to conduct studies on 
patients undergoing different types of surgeries. 
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