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Objective: This study attempted to evaluate the efficacy of ultra-low-dose intravenous (IV) naloxone combined
with IV morphine, as compared to IV morphine alone, in terms of reducing pain and morphine-induced side ef-
fects in patients with renal colic.

Methods: In this double-blind clinical trial, 150 patients aged 34 to 60 years old who presented to the emergency
department (ED) with renal colic were randomly allocated to either an intervention group that received ultra-

f:i}; ‘;‘;Oersﬁ: low-dose IV naloxone combined with IV morphine or to a control group that received morphine plus a placebo.
Emergency department The severity of pain, sedation, and nausea were assessed and recorded for all patients at entrance to the ED (T1),
Morphine then at 20 (T2), 40 (T3), 60 (T4), 120 (T5), and 180 (T6) minutes after starting treatment. The Numeric Rating
Naloxone Scale (NRS) was used for the assessment of pain and nausea intensities, and the Ramsay Sedation Scale (RSS)
Ramsay Sedation Scale (RSS) was used to assess sedation.

Renal colic Results: A GEE model revealed that patients in the naloxone group had non-significantly reduced pain scores

Numeric Rating Scale (NRS) compared to those in the morphine group (coefficient = —0.68; 95% Cl: —1.24 to —0.11, Wald X2 (1) = 541,
p = 0.02). The sedation outcome demonstrated no statistically significant differences at T1 to T4 among patients
with renal colic compared to the ones who only received morphine. At T5 and T6, 1.5% vs. 20% and 1.5% vs. 16.9%
of subjects from the naloxone group versus the morphine group obtained RSS scores equal to 3, respectively (p =
0.001 and p = 0.004, respectively).
Conclusions: Compared to patients who only received IV morphine, co-treatment of ultra-low-dose naloxone
with morphine could not provide better analgesia and sedation/agitation states in renal colic patients.

© 2018 Published by Elsevier Inc.

1. Introduction urolithiasis) that needs immediate intervention to reduce pain [1]. The
lifetime prevalence of nephrolithiasis is reported to be approximately
8.8% [2] with recurrence rates near 50% [3], while overall incidence of
urolithiasis is estimated to be 4% to 20% [4]. Numerous factors have
roles in the development of renal colic pain, including urinary obstruc-

tion with stone, ureter smooth muscle spasms, stone area tissue

Renal colic as a painful medical emergency is a common, acute pre-
sentation of stones in the kidney and ureter (nephrolithiasis and

Abbreviations: 1V, intravenous; NSAIDs, non-steroidal anti-inflammatory drugs; ED,

emergency department; NRS, Numeric Rating Scale; KUB, kidney, ureter, bladder; CT,
computed tomography; RR, respiratory rate; SBP, systolic blood pressure; DBP, diastolic
blood pressure; RSS, Ramsay Sedation Scale; SD, standard deviation; GEE, generalized es-
timating equation; ITT, intention-to-treat.
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edema, peristalsis aggravation, and inflammation [5].

Several analgesic agents are recommended as standard care for pain
control in renal colic patients, including intravenous (IV) opioids (e.g.
morphine) and non-steroidal anti-inflammatory drugs (NSAIDs, e.g.
diclofenac) [6-8]. Opioid medications are the first-line agents for pain
relief and are effective in relieving acute pain following renal colic [8].
However, the high incidence of undesirable side effects of opioids
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have resulted in their decreased use as analgesic agents [8]. The use of
opioids is associated with dose-dependent complications, such as respi-
ratory depression, nausea, vomiting, urinary retention, pruritus, drows-
iness, and the possibility of drug dependency [9,10]. Moreover, reducing
the use of IV opioids is associated with decreased length of hospital
stays and lower hospital costs [11]. Additionally, routine use of NSAIDs
has been discouraged due to their negative effects on the gastrointesti-
nal and renal systems [8]. Studies are ongoing to determine an effective
and safe strategy and to develop best practices and protocols for excel-
lent pain management in renal colic patients. Pain management in hos-
pitals has become an important issue, especially in emergency services
and in patients experiencing severe pain from renal colic [12].

Naloxone is an opioid antagonist at doses of 0.01 to 0.04 mg kg™
[13]. Several non-clinical studies have indicated the analgesic enhancer
effect of naloxone at an ultra-low-dose in combination with opioids
[11,13-17]. In addition to the effectiveness of ultra-low-dose naloxone
as an adjunct medication along with opioids in pain relief, some inves-
tigations have found that the combination reduces the adverse effects
of opioids [11,15-18]. However, other studies have found no positive ef-
fects on pain reduction following the addition of naloxone to opioids
[14,19-22]. Almost all clinical trials regarding naloxone as a supplemen-
tary agent added to morphine were carried out on patients undergoing
surgery [14,17,23-25].

We hypothesized that the combination of naloxone with morphine
can be advantageous in patients with renal colic who suffer from the
worst possible pain, and who usually receive a relatively high dose of
opioids [26,27]. Moreover, this combination therapy could be an appro-
priate choice for reducing pain intensity and decreasing morphine-
induced sedation in these patients. Therefore, we hypothesized that
co-treatment of ultra-low-dose IV naloxone with morphine could ame-
liorate acute renal colic pain intensity and morphine-induced side ef-
fects in patients suffering an acute stone episode. The current study
was designed to evaluate the efficacy of ultra-low-dose IV naloxone
combined with IV morphine, as compared to IV morphine plus placebo,
in terms of pain management and morphine-induced side effects in pa-
tients with renal colic who presented in the emergency department
(ED).

1

2. Methods
2.1. Patients and study design

This double-blind clinical trial was performed in the ED on 150 pa-
tients with renal colic. Patients ranged in age from 34 to 60 years old
and all presented with acute and severe pain between May 2017 and
February 2018. The inclusion criteria were renal colic and a pain score
of 7-10 based on the Numeric Rating Scale (NRS). Patients were ex-
cluded if there were morphine contraindications, or if they had a history
of drug dependence, had received sedative medications before the
study, had peritoneal symptoms in an abdominal examination, or had
psychosis, pregnancy, or acute ischemic disease. They were also ex-
cluded if their renal colic diagnosis was changed in further assessments
or if they withdrew their consent to participate in the study.

Diagnosis of acute renal colic was performed based on urinary symp-
toms (such as hematuria), clinical signs (flank colic pain, dysuria, uri-
nary frequency), and paraclinical assessments of urinary stones, such
as urine analysis; kidney, ureter, bladder (KUB) radiography; sonogra-
phy; and computed tomography (CT) scans [28]. In the absence of pa-
tients' self-reported pain improvement (no pain control), abdominal
and pelvic CT scans were performed even given normal sonography
and the absence of hematuria. Renal colic was confirmed following ob-
servation of stones in the urinary system in KUB radiography or abdom-
inal and pelvic CT scans and/or unilateral hydronephrosis in
sonography. The location of pain and any family history of renal stones
were questioned.

2.2. Ethical approval

After explaining the purpose and method of study and also obtaining
informed consent, patients were randomly assigned to intervention or
control groups. The study was performed in accordance with the Hel-
sinki Declaration. The study design and protocol were approved by the
Ethics Committee of Mazandaran University of Medical Sciences (IR.
MAZUMS.IMAMHOSPITA.REC95.2627). This trial has been registered
at http://www.irct.ir under identifier IRCT2017031923696N5.

2.3. Analgesia protocol

In the intervention group, patients received IV morphine
(0.1 mg kg=') plus a single ultra-low dose of IV naloxone
(0.001 mg kg~! — alternatively, 1 pg kg~ !). In the control group, pa-
tients received 0.1 mg kg~ of IV morphine and a placebo (sterile
water). Medications were injected over 1 to 2 min. If needed, additional
bolus doses of IV morphine (0.05 mg kg~!) were given to patients in
both groups after 20 min during study (no pain control: NRS pain >4)
[29]. Patients who were unable to tolerate the pain within 30 min
after administration of IV drugs were treated with other analgesic
drugs. Other common pain-relieving and antispasmodic agents such
as diclofenac, fentanyl and diazepam were administered to decrease
the severity of a patient's pain, according to the patient's status and if
there were no contraindications for usage of these drugs. In the case of
sustained vomiting or nausea with NRS > 4, [V metoclopramide 10 mg
was prescribed.

2.4. Randomization and bias-controlling

The patients referred to the ED were enrolled randomly by an emer-
gency medicine specialist physician. Block randomization was con-
ducted with a random-plan generator (https://www.sealedenvelope.
com) to generate a random list, according to which patients were allo-
cated into either the control group of monotherapy with morphine
(morphine group) or the intervention group of combination therapy
with morphine and naloxone (naloxone group). The preparation of
drugs (~10 ml) were performed by two nurses, not involved in the
care of patients. The nurses who injected patients did not know which
medication they were using. All of the syringes used in both groups
were similar. Outcomes were evaluated by an emergency medical resi-
dent who did not know which group the patients belonged to. During
the study, the patients, nurses and physicians were unaware of which
group patients belonged to. Only the nurses who had prepared drugs
and the supervisor of the study were aware of the random list assign-
ments. The study supervisor was not involved during the intervention.

2.5. Outcomes measurement and data handling

The primary outcome was reducing pain intensity. Secondary out-
comes were sedation status, nausea intensity, respiratory rate (RR), sys-
tolic and diastolic blood pressure (SBP and DBP respectively), the
amount of additional morphine prescribed and the rate of IV
metoclopramide administration. A numbering system was used to de-
termine the severity of pain, morphine-induced sedation, and nausea
in patients.

The assessment of analgesia and nausea intensity were performed
with the NRS [30,31], a 0-10 verbal numeric scale. A score of O repre-
sents no pain/nausea and 10 represents the maximum pain/nausea
level. We graded the intensity of pain according to NRS as mild (score,
1-3), moderate (score, 4-6), and severe (score, 7-10) [30]. The evalua-
tion of sedation intensity was performed with the Ramsay Sedation
Scale (RSS) [31], which is scored from 1 to 6. At Score 1, a patient is anx-
ious and agitated or restless, or both; at score 2, a patient is cooperative,
oriented, and tranquil (normal state). The intensity of sedation in-
creases up to 6 [32].
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The severity of baseline pain, sedation, and nausea were assessed
and recorded for all patients at the time of their entrance to the ED be-
fore prescribing the drugs (T1), then at 20 (T2), 40 (T3), 60 (T4), 120
(T5), and 180 (T6) minutes after starting treatment. SBP and RR at all
six timepoints were measured and recorded. Normal saline
(100-200 cc) was infused in the cases with SBP lower than 90 mmHg.
DBP was recorded at the baseline and at the end of study (T1 and T6).
Data assessment and recording were done by the emergency medical
resident. Throughout the 180-minute study period, the amount of addi-
tional morphine prescribed based on the study analgesia protocol, as
well as bolus administration rate of metoclopramide in both groups
was recorded. Other drugs administered to patients during the study,
such as any antispasmodic, or analgesia medications, were also re-
corded. Additionally, age, sex, and body weight at baseline were also re-
corded as demographic data.

2.6. Statistical analysis

Using a meaningful mean group difference of 1 point on the 10-point
scale, an expected common (standard deviation [SD]) of 1.75 points
[17], 90% power, and 2-tailed level of significance at p < 0.05, the pre-
dicted minimum required sample size was 65 per group. Categorical
variables were reported using percentages. Quantitative data was re-
ported using mean (SD) or median [first quartile, third quartile], respec-
tively. We used the Shapiro-Wilk test to determine whether data were
normally distributed. To compare the quantitative data between groups,
an independent sample t-test or Mann-Whitney U test were used, and
for the qualitative data a Fisher's exact test was used. Intergroup
changes were evaluated by the Friedman test for quantitative data
with non-normal distribution and were evaluated with a repeated mea-
sures ANOVA or a paired t-test for quantitative data with normal

distribution (evaluating intergroup changes). Additionally, the estima-
tion of differences in values of pain, sedation, and nausea scores be-
tween baseline and the follow up points were tested using generalized
estimating equation (GEE) models, which also were adjusted with
added covariates (antispasmodic and/or other analgesic drugs). Data
were analyzed using intention-to-treat analysis (ITT).

A repeated measures ANOVA with both between-groups and
within-subjects factors was applied to analyze the RSS score, RR, and
SBP values across time with antispasmodic and/or other analgesic
drugs as covariates. The primary and interaction effects of time and
group on these values were determined by repeated measure ANOVA.
We used Mauchley's Sphericity test to test for compound symmetry as-
sumption. The Greenhouse-Geisser correction was used for violations of
sphericity. A p value of 0.05 or less was considered statistically signifi-
cant. However, the threshold for clinical significance was adjusted
from 0.05 to 0.05 divided by six (0.05 + 6 = 0.0083, p < 0.0083)
based on the results of the multivariable models because of evaluating
pain as the primary outcome at six timepoints (T1 to T6). Data were an-
alyzed using IBM SPSS. statistics version 24.

3. Results
3.1. Participants

A total of 180 patients with renal colic who were referred to our hos-
pital were screened during the study period. Of these, 16 patients did
not meet the inclusion criteria and 4 patients declined to participate in
the study (Fig. 1). From 150 patients who allocated in the two groups,
10 and 13 patients were dropped during sturdy period in intervention
and control group, respectively. In total, 127 patients completed the

Assessed for eligibility
(m=180)

Excluded (a =30)

e  Notmeeting inclusion criteria (n = 16)
e Meeting exclusion criteria (n = 10)

e  Refused to participate (n = 4)

Randomized (n = 150)

=
'g Allocated to intervention
S m=73
=
Lost to follow up (n=10)
+ Patients went to urinary tract ultrasound (n =9)
5‘ + Patient went to abdominal and pelvic CT scans (n=1)
2 Receiving antispasmodic/analgesic drugs (n = 10)
& + Diclofenac (n=15)
» Diazepam (n=3)
+ Fentanyl (n=2)

Analyzed (n = 65) l

Allocated to control
m=73)

Lost to follow up (n=13)

+ Patients went to urinary tract ultrasound (n = 11)

+ Patients went to abdominal and pelvic CT scans (n=2)
Receiving antispasmodic/analgesic drugs (n = 11)

+ Diclofenac (n=8)

* Diazepam (n=2)

¢ Fentanyl (n=1)

| Analyzed (u = 62)

Intention to treat analysis

Patients evaluated (n = 127)

Fig. 1. Consort flowchart.



1028 S.M. Hosseininejad et al. / American Journal of Emergency Medicine 37 (2019) 1025-1032

Table 1
Demographic data of patients in both groups.
Group p value
Naloxone (n = 65) Morphine (n = 62)
Sex
Male 19 (29.2%) 20 (32.2%) 0.57¢
Female 46 (70.8%) 42 (67.8%)
Age, year 41.83 (12.01) 41.66 (12.93) 0.93°
Weight, kg 72.15 (17.94) 71.32 (14.02) 0.76°

Data are presented as mean (standard deviation) or number (percentage).
2 p-value was obtained with chi-square test.
b p-value was obtained with t-test.

Table 2
Pain scores at T1 to T6 in both groups.

Group p-value Mean difference
Naloxone (n = 65) Morphine (n = 62)
T1 9.72 (0.99) 9.55 (1.07) 0.35% 0.17 (—0.008)
T2 5.81(3.42) 4.80 (3.15) 0.08% 1.01 (0.27)¢
T3 3.29(3.01) 3.58 (3.24) 0.59° —0.29 (— 0 23)
T4 1.83 (2.19) 2.57 (2.69) 0.08° —0.74 (—0.5)
T5 1.08 (1.31) 2.02 (2.11) 0.008° —0.94(—0.8)
T6 1.05 (1.31) 1.72 (1.96) 0.02° —0.67 (— 0 65)
p-value®  <0.001 <0.001

Data are presented as mean (standard deviation).
T1: baseline, T2: 20 min after injection, T3: 40 min after injection, T4: 60 min after injec-
tion, T5: 120 min after injection, T6: 180 min after injection.

2 p-value was obtained with t-test.

b p-value was obtained with U-Mann Whitney test.

¢ p-value was obtained with Friedman test.

4 Mean group difference >1 point was considered as clinically meaningful difference.

present study and data from all of these patients were analyzed. Demo-
graphic data of the patients in both groups are presented in Table 1.

3.2. Primary outcome: pain scores

All patients experienced severe pain in both groups. As the findings
revealed, 90.8% of patients in the naloxone group and 78.5% of patients
in the morphine group had a pain intensity of 10 (maximum pain) at
baseline (Fisher's exact test, p = 0.11). Moderate to severe pain inten-
sity had a downward trend in the naloxone and morphine groups
from 100% at T1 to the end of the study (63.1% vs. 61.6% at T2, p = 1;

35.4% vs. 36.9% at T3, p = 1; 13.8% vs. 30.8% at T4, p = 0.03; 6.2% vs.
24.6% at T5, p = 0.006; and 7.7% vs. 16.9% at T6, p = 0.18).

A decreasing trend happened for NRS-measured pain in both groups
over time, but the downward trend was greater in the naloxone group
than in the morphine group, especially after 40 min (T3). Statistically
significant differences between the two groups were found at 120 min
(T5) and 180 min (T6) (Table 2 and Fig. 2). At T5 and T6, patients
with a pain score of 0 (without pain) in the naloxone group versus in
the morphine group were 30.8% vs 24.6%, and 32.3% vs 24.6%, respec-
tively (Fisher's exact test, p = 0.55 and p = 0.43, respectively). A GEE
model revealed that patients in the naloxone group had non-
significantly reduced pain scores compared to those in the morphine
group (coefficient = —0.68; 95% CI: —1.24 to —0.11, Wald X° (1) =
5.41,p = 0.02).

3.3. Secondary outcomes: sedation

No patients obtained RSS scores of 4-6 at different intervals of the
study. At baseline, 93.8% and 95.4% of subjects from the naloxone and
morphine groups obtained RSS scores equal to 1 (agitated cases), re-
spectively (Fisher's exact test,p = 1). At T2, the frequency of RSS scores
equal to 1 dropped to 50.8% in the naloxone group and 64.6% in the mor-
phine group (p = 0.04). On the other hand, 44% and 56% of subjects
from the naloxone and morphine groups obtained RSS scores equal to
2 (normal score), respectively at T2 (Fisher's exact test, p = 0.15).

At T3, 3.1% of subjects from the morphine group obtained RSS scores
equal to 3, while there were no sedated patients (RSS score of 3) in the
naloxone group (Fisher's exact test, p = 0.24). At T4, 1.5% and 4.5% of
subjects from the naloxone and morphine groups obtained RSS scores
equal to 3, respectively (Fisher's exact test, p = 0.61). At T5 and T6,
86.2% vs. 72.3% and 84.6% vs. 70.8% of subjects from the naloxone
group versus the morphine group obtained RSS scores equal to 2, re-
spectively (Fisher's exact test, p = 0.08 and p = 0.09, respectively).
Also, at T5 and T6, 1.5% vs. 20% and 1.5% vs. 16.9% of subjects from the
naloxone group versus the morphine group obtained RSS scores equal
to 3, respectively (Fisher's exact test, p = 0.001 and p = 0.004,
respectively).

3.4. Nausea score

The percentage of patients without nausea at T1 in the naloxone
group versus the morphine group were 7.7% vs 16.9%, respectively
(Fisher's exact test, p = 0.18). As shown in Table 3 and Fig. 3, a non-
significant decrease was observed at each timepoint between the two

10 2=0.35% ——&— Naloxone group (n = 65)
9 R +++@++ Morphine group (n =62)
z 8
g
= 7
g 6
B
Z 5
=
4
Z
g 3 p=0.008°
- N e p=0.02"°
M2 i ST PP a
1
0 T T |
T4 T5 T6

Timepoint

Fig. 2. Trend of pain score (according to NRS) at T1 to T6 follow-up times in both the groups in patients with renal colic. T1: baseline, T2: 20 min after injection, T3: 40 min after injection,
T4: 60 min after injection, T5: 120 min after injection, T6: 180 min after injection NRS: Numeric Rating Scale. ® p-value was obtained with t-test. ® p-value was obtained with U-Mann Whit-

ney test. © p-value was obtained with Friedman test.
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Table 3
Nausea scores at T1 to T6 in both groups.
Group p-value®
Naloxone (n = 65) Morphine (n = 62)
T1 5[2,10] 5[2,10] 0.13
T 2[1,8] 110,2] 0.06
T3 110,2.5] 110,2] 0.36
T4 110, 1] 110, 2] 0.75
T5 110, 1] 0[0,1] 0.16
T6 0[0,1] 0[0,1] 0.13
p-value® <0.001 <0.001

Data are presented as median [first quartile, third quartile].
T1: baseline, T2: 20 min after injection, T3: 40 min after injection, T4: 60 min after injec-
tion, T5: 120 min after injection, T6: 180 min after injection.

¢ p-values obtained with U-Mann Whitney test.

b p-values obtained with Friedman test.

groups (p > 0.05). According to the GEE model, there was no significant
difference in nausea scores between the two groups (Wald X? (1) =
049, p = 048).

3.5. Respiratory rate

The trends of change regarding RR within the naloxone group and
the morphine group were significant (p < 0.001 and p < 0.001, respec-
tively). The results showed no significant difference between the two
groups in the rate of breathing at all timepoints (p > 0.05). A repeated
measures ANOVA revealed a significant time effect for RR (F 1, 5 =
24.57, p < 0.001, effect size = 0.16) with no significant group or group
x time interactions (F 1, 128 = 15.51,p = 0.56 and F ;, 5 = 2.09,p =
0.12, respectively) (Fig. 4).

3.6. Systolic blood pressure

The trends of change regarding SBP within the naloxone group and
the morphine group were significant (p < 0.001, p = 0.009, respec-
tively). The results showed that there was no significant difference in
SBPs between the two groups at all timepoints (p > 0.05). A repeated
measures ANOVA also yielded a significant time effect for SBP (F 1, 5
= 16.61, p < 0.001, effect size = 0.11) with no significant group or
group x time interactions (F 1, 125 = 1.16,p = 0.28 and F 1, 5 = 0.38,
p = 0.86, respectively) (Fig. 5).

1029
3.7. Diastolic blood pressure

Mean (SD) for DBP in the naloxone group versus the morphine
group were equal to 80.54 (8.48) vs 81.08 (9.82) mmHg at T1 (p =
0.73), respectively, and to 79.14 (12.54) vs 80.31 (9.79) mmHg at T6
(p = 0.55), respectively. Paired t-test results presented no significant
difference in DBP changes in both the naloxone group and morphine
group (p = 0.37, p = 0.44, respectively).

3.8. Morphine and metoclopramide bolus rate

Mean (SD) for the amount of additional morphine in the naloxone
group and the morphine group were 4.82 (1.33) mg and 4.56 (0.84)
mg, respectively (p = 0.42). Median [first quartile, third quartile] values
of metoclopramide prescription in the naloxone and morphine groups
were 10 (0, 20) mg and 10 (0, 10) mg, respectively (p = 0.25).

4. Discussion

We evaluated whether ultra-low-dose IV naloxone in combination
with IV morphine can enhance the analgesic effect of morphine on
acute pain in emergency patients with renal colic, as well as help to con-
trol morphine-induced side effects such as sedation, nausea and depres-
sant effects on RR and BP, compared to monotherapy with morphine in
the same population. The major finding of this study was that patients
who received the combined naloxone therapy had non-significantly
lower pain intensity associated with the same morphine consumption
in comparison to the morphine-only control group. We did not find
any mean difference of >1 point in the pain score between groups
after the intervention as a clinically meaningful difference to show the
superiority of adding naloxone to morphine over morphine monother-
apy. Patients in the naloxone group also did not have significantly lower
morphine-induced sedation than patients in the morphine group. Seri-
ous adverse effects were not observed regarding naloxone administra-
tion in this study.

The severity of pain was reduced in both groups. Patients who re-
ceived naloxone did not experience better analgesia in comparison to
patients who received morphine alone. Based on NRS pain scores, pa-
tients in the morphine group had lower pain intensity than in the nalox-
one group until about 40 min after treatment (T3). The descending
trend in the naloxone group increased especially after T3, while
120 min after treatment (T5) was the peak of the antinociceptive effect
of the co-treatment. However, there was no clinical significant differ-
ences regarding NRS pain scores between two groups throughout the

10 =8 Naloxone group (n = 65)
9 ++«@+. Morphine group (n = 62)
z 8
g
s 7 p=0.13
g 6 .
B
g 5 q p=0.06
= 4
=
E 3 . =036
g ‘o, S ~ »=0.75 p=0.16 p=0.13
""""""" Gesvoccscsssssssse@ecssssrccccnnsosel
1
0
T1 T2 T3 T4 s 16
Timepoint

Fig. 3. Trend of nausea score (according to NRS) at T1 to T6 follow-up times in both the groups in patients with renal colic. T1: baseline, T2: 20 min after injection, T3: 40 min after injection,
T4: 60 min after injection, T5: 120 min after injection, T6: 180 min after injection. NRS: Numeric Rating Scale. p-values obtained with U-Mann Whitney test.
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Fig. 4. Trend of respiratory rate (pulse per minute) at T1 to T6 follow-up times in both the groups in patients with renal colic. Data are presented as mean (standard deviation). T1: baseline,
T2: 20 min after injection, T3: 40 min after injection, T4: 60 min after injection, T5: 120 min after injection, T6: 180 min after injection,

study. In comparison with monotherapy with morphine, the current
study results showed that adding to morphine cannot act better results.
Naloxone is a fast onset of action drug (1 to 2 min) with an approx-
imate half-life of 45 to 90 min [33]. Therefore, we expected to see a sig-
nificant difference in the pain intensity at earlier timepoints between
combined therapy with naloxone and monotherapy with morphine.
We speculate that the analgesic effect of naloxone in the case of acute
pain with maximum intensity is not efficient and obvious. After passing
time and reaching mild to moderate pain intensity in the patients, the
efficacy of adding naloxone to morphine in pain severity was distinctive
and noticeable. However, the current study is the first clinical trial of co-
treatment of ultra-low-dose naloxone with morphine in renal colic pa-
tients and further studies are necessary to confirm the findings.
Several mechanism of action have been suggested to explain the
possible analgesic effects of ultra-low-dose naltrexone when combined
to opioids in literature. Ultra-low-dose naloxone selectively blocks the
excitatory effects elicited by morphine [20]. Moreover, naloxone at an
ultra-low dose enhances opioid analgesia through (a) the prevention
of a switch in G protein coupling [34]; (b) the prevention of such excit-
atory signaling of opioid receptors [35]; (c) a change in the signaling
profile of p opioid receptor (MOR) [34]; (d) an attenuation of
morphine-induced Gpvy-adenylyl cyclase interaction [34]; and
(e) reverse hyperalgesia caused by acute and low-dose opioids [35].

134 ° '
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Another potential analgesia mechanism with ultra-low-dose naloxone
could be the release of extensive amounts of endogenous opioids in
the body, which reduces the analgesia requirements and increases the
effects of the prescribed opioid [17,36]. However, in our study, the com-
bination of ultra-low-dose IV naloxone and morphine did not decrease
opioid requirements in our sample.

Importantly, it should be noted that naloxone may have dose-
dependent effects on pain intensity; this may help to explain why the
results of other studies about the effect of co-treatment of pain with
morphine and naloxone have been so varied and inconclusive [22,37].
Animal studies have shown that co-treatment with morphine
(1-3 mg kg~ ') and an ultra-low dose of naloxone markedly enhances
the magnitude and duration of the analgesic effect of morphine
[34,38]. On the other hand, doses of naloxone that are relatively low
but nonetheless higher than the ultra-low doses in our study have
been shown to increase opioid requirements and reverse analgesia [37].

Several clinical studies [20-22,37] have reported that IV ultra-low-
dose naloxone added to morphine did not enhance analgesia. Cepeda
et al. conducted two clinical trial in patients undergoing surgery
[22,37]. In their first study [37], patients postoperatively received mor-
phine plus normal saline or morphine plus naloxone by patient-
controlled analgesia (PCA). Naloxone was infused at a rate of 0.57

pg kg~ h™!in the first 2 h and then 0.19 pg kg~! h™! until 24 h. The
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Fig. 5. Trend of systolic blood pressure values at T1 to T6 follow-up times in both the groups in patients with renal colic. Data are presented as mean (standard deviation). T1: baseline, T2:
20 min after injection, T3: 40 min after injection, T4: 60 min after injection, T5: 120 min after injection, T6: 180 min after injection.
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study found that adding ultra-low doses of naloxone to morphine in-
creased pain and subsequently opioid consumption. In Cepeda et al.'s
second study [22], patients received either PCA morphine alone or
PCA morphine plus naloxone as 0.05 pg/kg/h in the first 2 h and then
0.006 ug kg~! h~! until 24 h. The authors concluded that the combina-
tion of naloxone and morphine does not affect analgesia and opioid
consumption.

Consequently, Bijur et al. [20] conducted a clinical trial to assess the
analgesic effect of morphine administered with three different doses of
naloxone (0.1 ng kg~!, 0.01 ng kg~?, or 0.001 ng kg~!) added to mor-
phine (0.1 mg kg~!) versus morphine without naloxone in patients
with moderate to severe pain intensity who needed morphine injec-
tions. Their results showed that pain intensity decreased in all patients;
however, patients who received naloxone experienced non-
significantly lower pain intensity than those had received morphine
without naloxone. Moreover, the analgesia effect of naloxone non-
significantly increased in association with the increase in naloxone
dose. Although all three doses of naloxone in the study were too low
to show statistically significant effects, the pain management was
slightly better with co-administration of naloxone and morphine in
emergency patients with severe pain.

Recently, Firouzian et al. [17] reported that infusion of ultra-low-
dose naloxone at a dose of 0.25 ug kg~ h™! for 24 h along with PCA
morphine significantly relieved pain intensity, as well as reducing over-
all morphine consumption after lumbar discectomy surgery (morphine
rate: near 0.96 mg h™'). The naloxone used in the Firouzian study was
applied with a constant infusion rate for 24 h. We chose an IV single-
dose of naloxone in combination with morphine because of its rapid
onset in ED patients with renal colic.

The rate of morphine injection in patients with renal colic is high be-
cause they experience the highest levels of acute pain [26,27]. Receiving
such high amounts of morphine (or other analgesic agents) results in in-
creasing sedation in these patients. Ultra-low-dose naloxone can reduce
opioid-induced side effects as well as analgesic tolerance and depen-
dence [17,35]. Our study results indicated that decreased pain intensity
was generally associated with increased sedation. Importantly, how-
ever, patients in the naloxone group did not display either greater agita-
tion or sedation in comparison to the control group, despite reporting
non-significant slightly lower pain level and receiving a relatively simi-
lar amount of morphine.

Although, there were meaningful differences in the sedated patients
between the monotherapy with morphine and naloxone group at T5
and T6, the majority of the sedation outcomes revealed no significant
differences between the two groups. It seems that the ultra-low dose
naloxone added to morphine did not improve sedation outcome in
these papulation. There is no biologically plausible mechanism to justify
the reason of this happening.

Nausea intensity, similar to pain intensity, significantly decreased at
the end of study in both groups. It is possible that nausea improvement
resulted from successful pain relief in both the naloxone and control
groups. Although nausea intensity until 60 min after treatment (T4)
was a little higher in the naloxone group than in the control group,
after this timepoint the trend reversed and nausea was slightly lower
in the naloxone group; however, the difference between two groups
was not significant at any point. The literature about the effectiveness
of ultra-low-dose naloxone on nausea intensity reports divergent re-
sults [14,39,40]. There are a few studies that suggest a positive effect
of naloxone in the treatment of nausea [14,17]. More studies have
shown no advantage of naloxone injection for prophylaxis of nausea
and vomiting after cesarean surgery [39,40]. However, additional stud-
ies about the effectiveness of ultra-low-dose IV naloxone combined
with morphine on opioid-induced nausea are needed.

Our results found that RR and BP had a decreasing trend with time
passage in both groups; however, we did not find significant differences
between the two groups. RR and BP appeared to reach normal ranges
following the amelioration in pain intensity. In other words, the

normalization of RR and BP was related to successful pain control in
both groups.

Our data suggest that ultra-low-dose IV naloxone in combination
with morphine is a safe and ineffective method for renal colic pain con-
trol. Similar to the results of previous studies [17,19,21], we also found
no side effects in patients following IV administration of ultra-low-
dose naloxone along with morphine. Limitations of our study include
the fact that clinical items such as heart rate, pulse oximetry saturation
(Spo2), vomiting frequency, length of hospital stay, and patient satisfac-
tion were not recorded.

5. Conclusion

Our data suggest that concurrent use of single ultra-low-dose IV nal-
oxone and morphine would not provide better analgesia in patients
with renal colic. In addition to non-significant reducing acute pain in
this population, naloxone failed to act as a co-treatment with morphine
to improve sedation/agitation states. However, more robust random-
ized, controlled studies with large sample sizes are needed, with regards
to the safety and effectiveness of the co-treatment of naloxone with
morphine or other opioids.
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Appendix A. The Ramsey sedation scale (RSS)

RSS Describe
scores

Awake, anxious, agitated, restless

Cooperative, oriented, tranquil

Responsive to commands only

If asleep: brisk response to light glabellar tap or loud auditory stimulus
Sluggish response to light glabellar tap or loud auditory stimulus

No response to light glabellar tap or loud auditory stimulus

AU WN =
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