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Abstract

Background: Hyperalgesia is a major complication of continuous or intermittent opioid administration. The evidence suggests
that concomitant administration of low-dose naloxone could prevent the development of acute opioid-induced hyperalgesia, with
no effect on pain control.

Objectives: The current study aimed to assess the effects of intraoperative low-dose naloxone, adding to remifentanil infusion on
preventing acute postoperative hyperalgesia in patients undergoing general anesthesia for laparotomy.

Methods: In this randomized clinical trial, patients undergoing general anesthesia for laparotomic hysterectomy in a tertiary
referral teaching hospital from February to December 2019 were randomly assigned to one of three groups of remifentanil-
naloxone (remifentanil 0.3 ;1g[ kg/min with low-dose naloxone 0.25.:g/kg [h prepared in 50 mL of normal saline), remifentanil (0.3
pg/kg/min), and control (receiving 50 mL saline infusion), intraoperatively. Patients and researchers were blinded to the type of
intervention. The severity of hyperalgesia, as the main outcome, was evaluated by the static Tactile test. The severity of pain was
assessed by visual analogous scale 0.5, 2, 6,12, and 24 hours after surgery.

Results: In total, 75 patients were evaluated. The results showed no difference concerning the independent variables (age, body
mass index, hypertension, surgery duration, anesthesia duration, and American Society of Anesthesiologists (ASA) class) between
the three groups. Heart rate was significantly different in all study time points between the three groups (P < 0.001), but mean
arterial pressure and systolic and diastolic blood pressure showed no significant difference (P > 0.05) throughout the study. As-
sessment of hyperalgesia using the tactile test revealed a higher incidence of hyperalgesia in the remifentanil group in 0.5, 2, 6, 12,
and 24 hours after surgery compared to the other two groups, which was statistically significant between the groups at 0.5, 2,and 6
hours after surgery (P < 0.05). Shivering incidence, Morphine dose in 24 hours post-surgery, morphine dose in the recovery room,
and VAS for pain were significantly different during the study between the three groups (P < 0.05).

Conclusions: This study demonstrated the efficacy of intraoperative low-dose naloxone (0.25 pg/kg/h) added to remifentanil in-
fusion on reducing the frequency and severity of acute postoperative hyperalgesia in patients undergoing general anesthesia for
laparotomy hysterectomy.
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. Background

widespread using of opioids and their non-medical mis-
use have raised concerns about the harms and drawbacks

Remifentanil is a g-opioid receptor agonist, which is of opioids, including remifentanil (4). Opioid-induced hy-

recognized as a cardinal drug widely using in the total
intravenous anesthesia (TIVA) method (1). It also can en-
hance the quality of anesthesia in those without a can-
cer diagnosis. Opioids are commonly using for maintain-
ing general anesthesia in the United States (2-4). However,

peralgesia (OIH) is a major consequence that has attracted
the attention of many researchers (5). OIH is a major com-
plication of continuous or intermittent opioid administra-
tion, which in turn increases the sensitivity to pain. This
condition paradoxically enhances the sensitivity to pain,
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which is alleviated by lowering opioid doses. The pain pat-
tern may be identical to the pain due to the underlying
disease or appears different in quality. The patient may
feel the pain in a different location(s) or use neuropathic
pain descriptors (6). Although many animal or clinical
studies have reported hyperalgesia following opioid ad-
ministration, especially remifentanil, there is little known
about the measures to prevent or decrease the severity or
prevalence of acute OIH (7, 8). The evidence suggests that
concomitantadministration of low-dose naloxone can pre-
vent the development of acute OIH, with no effect on pain
management (8, 9).

2. Objectives

The current study aimed to assess the effects of intra-
operative low-dose naloxone, adding to remifentanil infu-
sion on preventing acute postoperative hyperalgesia in pa-
tients undergoing general anesthesia for laparotomy.

3. Methods

In this prospective double-blinded trial, 75 ASA - II pa-
tients aged 18 to 75 years scheduled for an elective hysterec-
tomy in a tertiary referral teaching hospital in Tehran from
February to December 2019 were recruited. Informed writ-
ten consent was obtained from all participants. Those who
didn’t meetinclusion criteria were excluded. Exclusion cri-
teria were, having uncontrolled diabetes mellitus, neuro-
logic disorders, psychologic disorder(s) which needs treat-
ment, inflammatory and renal diseases, neuropsychiatric
disorders, drug abuse, routine use or taking non-steroidal
anti-inflammatory drugs (NSAIDs), opioids, or other anal-
gesics 48 hours prior to surgery, allergy or contraindica-
tion to anesthetic agents or pain medications, including
NSAIDs, acetaminophen and opioids, and history of any
type of chronic pain which needed medical or interven-
tional treatments. Patients who develop any surgical or
anesthetic complication, those who needed reoperation or
needed more than 2-unit transfusion of packed red blood
cells, or received ketamine, antipsychotic, or gabapenti-
noids were considered to be excluded latter.

Patients were randomized via a computer-based
method and divided into three groups each with 25
subjects, as follows: Remifentanil-Naloxone (patients
receiving remifentanil 0.3 pg/kg/min and low dose nalox-
one 0.25 pglkg/h in 50 mL normal saline, Remifentanil
(patients receiving remifentanil 0.3 pg/kg/min), and

control (patients receiving an infusion of 50 mL normal
saline). All medications and placebo were administered
from anesthesia induction to skin closure. The rates of
injecting drugs and placebo were similar in all groups.
An anesthesiologist anesthetized patients according to
a written instruction; however, both patients and in-
vestigators were blinded to the intervention group and
randomization process. All medications were prepared by
an anesthesia nurse who was not engaged in the study.

After administering pre-medication (midazolam 0.05
mg/kg, fentanyl 2 ug/kg, and lidocaine 1 mg/kg, based on
Ideal Body Weight for overweight patients) under stan-
dard monitoring, including electrocardiography (ECG),
oxygen saturation (Sp0O,), end-tidal CO, (ETCO,), nonin-
vasive blood pressure monitoring (NIBP), respiratory rate
(RR),and heartrate (HR), anesthesia was induced by propo-
fol 2 mg/kg and atracurium 0.5 mg/kg. After tracheal intu-
bation, 1.5 MAC isoflurane and muscle relaxants were used
for maintaining anesthesia, if necessary. Fentanyl dose was
repeated each hour to adjust the hemodynamic parame-
ters based on anesthesia judgment.

In the remifentanil group, on the occurrence of brady-
cardia (HR < 50) and blood pressure drop more than 20%
of baseline, interventions were provided, including ad-
ministration of atropine or ephedrine and a bolus injec-
tion of crystalloids. If interventions were not efficient, the
remifentanil dose was reduced. The appropriate dose of
opioids was continuously adjusting based on the hemo-
dynamic parameters during the surgery (HR and BP were
increased to higher than 20% of baseline). In the post-
surgery period, morphine sulfate PCA (patient-controlled
analgesia) was used at 1 mg/mL; Bolus: 1 mL; lock-out in-
terval: 7 min; basal infusion: 0 mL/h., for 24 hours af-
ter surgery to control the patient’s pain and precisely as-
sess morphine dose consumption. All patients received IV
paracetamol 1g Q6H and IV ketorolac 30 mg Q8H.

Demographic parameters and baseline characteris-
tics (age and surgery duration) of all participants were
recorded. Total fentanyl dose used, morphine dose used
in post-anesthesia care unit (PACU), morphine dose used
within 24 hours after surgery, the first time-point of opi-
oid administration after surgery and pain severity after
surgery during movement, and rest according to visual
analogous scale (VAS) in 0.5, 2, 6, 12, and 24 hours after
surgery were documented. In PACU, shivering, the need for
opioids, nausea, and vomiting (0.5, 2, 6,12, and 24 hours af-
ter surgery) were recorded. Heart rate and blood pressure
were analyzed before induction, after intubation, 30 min-
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utes post-induction, and 30 minutes post-extubation.

The need for increasing remifentanil dose, based on
hemodynamic parameters, was also documented. The
severity of hyperalgesia and allodynia was assessed by
static tactile tests. In this test, a soft brush that is only a sen-
sory stimulus is contacted to the edge around the patient’s
wound, and in the case of allodynia, the patient drastically
moves the body away from this stimulus. The severity of
pain was reported using the VAS. Patients were asked to
grade the highest experienced pain from one to10 in 0.5, 2,
6,12, and 24 hours after the surgery. A pilot study was per-
formed on five patients from all three groups, and the re-
sults were used for calculating the sample size, by consider-
ing a=0.5and =0.2. Statistical analyses were performed
using SPSS v.21.0 (IBM Corp., Armonk, NY, USA). The results
are described using frequencies and mean scores. ANOVA
test and Bonferroni’s post hoc test were used for compar-
ing the groups.

4. Results

In the present study, 75 patients were separated into
three groups. All participants were eligible for participa-
tion. The three groups were not significantly different con-
cerning the baseline characteristics (age, BMI, ASA class,
duration of anesthesia and surgery, and presence of un-
derlying diseases (hypertension, asthma, and other sys-
temic diseases) (Table 1). Hemodynamic status of patients,
including HR and mean arterial pressure (MAP), were as-
sessed at different time points. Hemodynamic parameters
are described in Table 2. Except for HR in 30 minutes post-
intubation and 30 minutes post-extubation, there was no
significant difference between the three groups regarding
the HR and MAP.

Comparing EtCO, and SpO, in PACU revealed no signif-
icant difference in various time points between the three
groups. The three groups were compared concerning in-
traoperative fentanyl dose, time of the first dose of rescue
analgesia in recovery, rescue morphine dose in the recov-
eryroom, and total 24-hours postoperative morphine dose
(Table 3). Cumulative intraoperative fentanyl dose was
significantly higher in the control group than the other
two groups (P-value = 0.001). The time of the first dose
of rescue analgesia in recovery was significantly earlier
in the remifentanil group compared to the control and
remifentanil-naloxone groups. Also, this time was signifi-
cantly earlier in the control group than the remifentanil-

naloxone group (P-value = 0.001). The dose of rescue
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morphine sulfate in the remifentanil group was signifi-
cantly higher than the two other groups (P-value = 0.002).
Also, 24-hours postoperative morphine sulfate consump-
tion was significantly higher in the remifentanil group
compared to other groups (P-value = 0.001). The need for
atropine was not significantly different between the three
groups (P-value = 0.810), but the incidence of shivering in
PACU was significantly lower in the remifentanil-naloxone
group (8%) compared to the remifentanil (40%) and con-
trol (20%) groups (P-value = 0.02). The incidence of nausea
and vomiting after surgery in the remifentanil-naloxone,
remifentanil, and control groups was 28%, 32%, and 32%, re-
spectively (P-value=0.922). Pain severity was assessed post-
operatively in 5-time points, which was significantly lower
in the remifentanil-naloxone group compared to the other
two groups. The details of postoperative pain, measured by
VAS, are provided in Table 4.

Assessment of hyperalgesia with tactile test revealed a
higherincidence of hyperalgesia in the remifentanil group
in 0.5, 2, 6, 12, and 24 hours after surgery compared to the
other two groups, which was statistically significantat 0.5,
2, and 6 hours after surgery (P < 0.05). The details of the
test at different time points are shown in Table 5.

5. Discussion

This study demonstrated that adding ultra-low doses
of naloxone can improve analgesia during the postop-
erative period after intraoperative remifentanil infusion.
Patients in the remifentanil group received significantly
higher amounts of opioids and had higher scores of hy-
peralgesia and pain intensity compared to the other two
groups. A few mechanisms, including opioid-induced
hyperalgesia, tolerance, and withdrawal syndrome, have
been proposed for increased pain intensity after opioids in-
fusion. The pain resulting from tolerance to opioids usu-
ally happens in the site of tissue injury and relieved by
additional opioids. OIH will be perceived even in the dis-
tant areas (far from the tissue injury site), almost every-
where in the body. The intensity of the pain caused by
the OIH will be increased if additional opioids be adminis-
tered. OIH can be managed by reducing opioid doses, opi-
oid rotation, or anti-N-methyl-D-aspartate (NMDA) recep-
tor medications such as ketamine (6). However, abrupt ces-
sation of the remifentanil infusion may cause acute with-
drawal syndrome. Several mechanisms contribute to the
appearance of OIH. These mechanisms include central sen-
sitization due to suppressed reuptake or the increased re-
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Table 1. Baseline Characteristics of the Patients *

Remifentanil-Naloxone Remifentanil Placebo P-Value”
Age (y) 50.56 £ 7.0 5032+ 6.6 50.24 +5.8 0.7
BMI (kg/m?) 2537+ 4.1 26.04 +3.4 26.90 3.4 0.4
Surgery duration (min) 122418 130 24 128 £23 0.4
Anesthesia duration (min) 138 +19 146 126 143 25 0.5
ASAII class (%) 9(36) 8(32) 6(24) 0.6
Underlying diseases (%) 9(36) 8(32) 6(24) 0.6
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.
Values are expressed as mean + SD unless otherwise indicated.
5One-way ANOVA.

Table 2. Comparison of Heart Rate and Mean Arterial Pressure Between Three Groups *
Remifentanil-Naloxone Remifentanil Placebo P-Value "
HR at baseline 851+ 9.4 821+ 131 81.4 131 0.89
HR after intubation 9.9+ 94 951+14.5 98.6 +-14.8 0.25
HR at 30 mins after intubation 60.6 111 59.1£95 872+ 123 0.001
HR after extubation 7521+ 9.4 725+ 9 94.6 =11.9 0.001
MAP at baseline (mmHg) 79.5+ 6.7 791+£6.5 781+£6.2 0.83
MAP after intubation (mmHg) 943+ 6.1 93.5 £ 6.9 92.8+5.7 0.74
MAP at 30 mins after intubation (mmHg) 73.9 £ 6.2 72.7£55 713£5.6 0.65
MAP after extubation (mmHg) 84.6 = 6.6 8311+ 6.2 8471+ 6.8 0.55
Abbreviations: HR, heart rate; MAP, mean arterial pressure.
Values are expressed as mean =+ SD.
" One-way ANOVA.
Table 3. Comparison of Opioids Administered Intra- and Post-Operatively and Time of the First Dose of Rescue Analgesia in Recovery Between Three Groups *
Remifentanil-Naloxone Remifentanil Placebo P-Value

Cumulative intraoperative fentanyl (..g) 76 +38 90 £35 160 + 47 0.001
Time of first dose of rescue analgesia in recovery (min) 41+6 26+ 4 33+4 0.001
Rescue morphine sulphate (mg) 82+£35 121147 91£33 0.002
24-hours postoperative morphine sulphate (mg) 277151 391478 3614 2.8 0.001

*Values are expressed as Mean = SD unless otherwise indicated.
5One-way ANOVA

lease of excitatory neurotransmitters (glutamate and as-
partate), downregulation of p-opioid receptors in the pe-
riaqueductal gray, enhancement of nociceptive responses,
and genetic contributions. (6, 8). However, few studies
have investigated these mechanisms.

A review by Kim et al. (2014) (8) reported that clin-
ical studies support the development of OIH in healthy
subjects and patients after administration of short-acting
opioids, such as remifentanil, with an infusion rate of >
0.1 ug/kg/min. The findings also revealed that remifen-
tanil infusion with a dose of 0.3 pg/kg/min leads to OIH.

In the present study, hyperalgesia was confirmed by the
presence of the following signs: development of allody-
nia (assessed by brush test with more frequent positive
results), the need for rescue analgesia in PACU (both re-
quired dose and the time of need to the first dose), total 24-
hours postoperative morphine dose used, and the severity
of pain (measured using the VAS). In the present study, pa-
tients in the remifentanil-naloxone group showed less se-
vere pain and had lower analgesic requirements in PACU
and 24 hours after surgery compared to the remifentanil
and placebo groups. Intraoperative fentanyl requirement
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Table 4. The Comparison of Postoperative VAS Pain Scores Between Three Groups *’ b

Remifentanil- Remifentanil Placebo P-Value ¢
Naloxone

VAS 30 3.9 %10 4.8+ 11 50+15 0.013
minutes
VAS 2 hours 2.6 +11 4.4+09 3.4 +10 < 0.001
VAS 6 hours 25+ 0.9 39+ 07 33106 < 0.001
VAS 12 hours 18+ 05 29+ 06 24104 < 0.001
VAS 24 hours 1705 21104 22405 0.015

*remifentanil-naloxone vs placebo, remifentanil vs placebo and remifentanil-
naloxone vs remifentanil (P-value < 0.05).

bValues are expressed as mean = SD.

€ One-way ANOVA

also was significantly lower in the remifentanil-naloxone
group. Naloxone is an agent with a biphasic impact on
pain. Alow dose of naloxone can enhance the analgesic ef-
fect of opioids, but higher doses would reverse analgesia
induced by opioids (10).

The precise mechanism of low-dose naloxone is not
identified yet, but its anti-hyperalgesic properties are
caused by antagonizing or modifying NMDA, and p-opioid
receptor activities related to the opioid-induced hyperal-
gesia are considering as major contributors (9). Movafegh
et al. also reported that infusion of low-dose naloxone
was associated with lower postoperative morphine doses
in patients undergoing hysterectomy (11). In addition to
improving the analgesia, in the remifentanil group, low-
dose naloxone could prevent OIH. Morphine is a derivate
of opium, which is a narcotic with potent analgesic ef-
fects. Analgesic actions of morphine can be attenuated by
naloxone, which is an opioid antagonist. Naloxone com-
petitively attacks opioid receptors (12-14). This antagonist
is widely using for managing morphine abuse or overuse-
related complications. The and K receptors are mediators
for analgesic effects, but receptor does not have an anal-
gesic effect and causes dysphoria, delusion, and respira-
tory agitation. Naloxone can block the receptors of opioids
in the spine and higher nervous levels, which eventually
causes hyperalgesia (15-18). Most of the studies in thisarena
have investigated the hyperalgesia caused by chronic ad-
ministration of opioids, and evidence regarding the acute
OIH are scarce (19-22).

Hoshijima et al. revealed that remifentanil was sig-
nificantly associated with higher rates of postoperative
shivering compared to alfentanil and fentanyl, but its ef-
fects were similar to sufentanil (23). Studies have shown
that naloxone contains anti-shivering properties (24, 25).
The present study also showed that post-surgery shivering
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was significantly more frequent in the remifentanil group.
Some evidence supports the idea that postoperative shiv-
ering after administration of remifentanil may be a sign of
acute opioid withdrawal. Rapid clearance of remifentanil
by non-specific esterases leads to the lowest CSHT (ultra-
short context-sensitive half-time) for remifentanil among
all opioids, which may be a major underlying mechanism
for shivering after surgery. Hoshijima et al. showed that pa-
tients in both groups of low-dose and high-dose remifen-
tanil experienced shivering, but its frequency was higher
in high-dose cases (23). In the present study, shivering
was more common in the high-dose remifentanil (without
naloxone) group. Our study also showed that the remifen-
tanil (with low-dose naloxone)was associated with a signif-
icantly lower rate of postoperative shivering compared to
the remifentanil and placebo. It seems that the observed
decline in the shivering rate can be attributed to the anti-
acute opioid withdrawal effect of naloxone.

Another study has shown that pain rating during med-
itation was significantly lower among those who received
naloxone than saline and concluded that naloxone’s abil-
ity to block opioid receptors can enhance meditation anal-
gesia (26). This issue can be attributed to the paradoxi-
cal effect of naloxone, which can be summarized as en-
hancement in the release of endogenous opioids and up-
regulation of opioid receptors. In the present study, it was
also observed that the ultra-low dose of naloxone led to sig-
nificantly lower doses of 24-hours morphine consumption
in recovery compared to the other two groups.

The main limitation of the present study was not us-
ing appropriate devices to assess allodynia and hyperalge-
sia (e.g., von Frey hair kit), which may have affected the
precision of hyperalgesia and allodynia evaluation. More-
over, we could not differentiate OIH from acute tolerance.
Therefore, the improved analgesic effect of naloxone in
this study can be attributed to two issues: low dose nalox-
one has an analgesic effect, or it can reduce the OIH.

5.1. Conclusion

This study demonstrated the efficacy of intraoperative
low-dose naloxone (0.25 ug/kg [h) added to remifentanil
infusion on reducing the frequency and severity of acute
postoperative hyperalgesia in patients undergoing gen-
eral anesthesia for laparotomic hysterectomy.
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Table 5. The Comparison of Static Tactile Test Results Between Three Groups
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Positive test after 24 hours (o] 2(8) ] 032

4One-way ANOVA.
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