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The aim of this study was to compare the clinical efficacy of intravenous acetaminophen with intravenous morphine in acute renal
colic pain management. In this double-blind controlled trial, patients aged 18–55 years, diagnosed with acute renal colic, who met
the inclusion and exclusion criteria, were randomized into two groups. First, using the visual analogue scale (VAS), intensity of pain
was assessed in both groups. Then, one gram of intravenous acetaminophen or 0.1 mg/kg morphine was infused in 100 mL normal
saline to either acetaminophen or morphine group. Intensity of pain was reassessed in 15, 30, 45, and 60 minutes according to VAS
criteria. Finally, data from 108 patients were analyzed, 54 patients in each group. No significant difference was observed between
the two groups in regard to sex (𝑃 = 0.13), mean age (𝑃 = 0.54), and baseline visual analogue score (𝑃 = 0.21). A repeated measure
analysis of variance revealed that the difference between the two treatments was significant (𝑃 = 0.0001). The VAS reduction at
primary endpoint (30 min after drug administration) was significantly higher in the acetaminophen group than in the morphine
group (𝑃 = 0.0001). This study demonstrated that intravenous acetaminophen could be more effective than intravenous morphine
in acute renal colic patients’ pain relief.

1. Introduction
Pain is the most common chief complaint in emergency
departments [1]. The essential duty of all care providers is to
relieve or prevent patients’ suffering pain [2]. Renal colic as a
result of urolithiasis is a common cause of severe acute pain.
Incidence of kidney stone has been increasing in recent years
[3]. Renal colic is an acute syndrome of unilateral flank pain,
arising from obstruction of urinary tracts. The first action,
after ruling out other diagnoses and attention to potential
complications, is finding a suitable pain relief technique. Most
common drugs used for renal colic pain relief are parenteral
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs)
[4, 5].
Several clinical trials compared the efficacy of opioids and
NSAIDs in the case of pain relief and adverse effects. Majority
of these trials found NSAIDs more effective than opioids or

at least as effective as them. Although NSAIDs cause less
vomiting, nausea, respiratory suppression, and drowsiness in
comparison with opioids, they have potential adverse effects
such as platelet dysfunction, nephropathy, and increasing
cardiovascular mortality in ischemic heart disease [6–8].
Since NSAIDs and opioids have several side effects, they
are unavailable in some emergency departments, seeking new
drugs with fewer side effects, and an adequate analgesic property is crucial. One of these alternative drugs is intravenous
acetaminophen.
Acetaminophen is acetyl-para-aminophenol. It has analgesic and antipyretic properties comparable to those of
aspirin or other NSAIDs [9, 10]. Intravenous acetaminophen
is approved for pain management and it is recommended
to be infused over 15 minutes [11]. There are a number
of trials which compare the intravenous acetaminophen to
other injectable pain relief agents [12]. To the best of our
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knowledge, there are only two clinical trials comparing the
intravenous acetaminophen to the morphine in acute renal
colic management. These trials showed that acetaminophen
and morphine have no significant differences in renal colic
pain relief 30 minutes after drug infusion [13, 14].
The aim of this study was to investigate whether or not
acetaminophen could reduce pain score equally to morphine
and to observe pain score in longer duration (60 minute) after
drug administration.

2. Material and Methods
This single-center prospective randomized double-blind clinical trial was performed in emergency department of our
hospital with an annual census of approximately 100000
visits per year, October 2012–January 2013. Patients, aged 18–
55 years, diagnosed with acute renal colic based on their
chief complaint, history, and physical examination, and, or
past medical history of renal stone, were enrolled in the
study. In all participants, kidney or urinary tract stones were
confirmed by ultrasound or CT scan.
Exclusion criteria were allergy to morphine or acetaminophen, hemodynamic instability, fever greater than 38∘ C,
evidence of peritoneal inflammation, pregnancy or suspected
pregnancy, proven or suspected aortic aneurysm or dissection, use of any analgesic drug up to 6 hours before
evaluation, heart failure, renal failure, respiratory failure, liver
failure, kidney transplant patients, and opioid addiction.
Eligible patients were randomized to receive acetaminophen or morphine in a 1 : 1 ratio using a computer-generated
code. The identities of the study drugs were recorded in a
document, folded four times, and then covered for allocation
concealment. When a patient was enrolled in the trial, a study
nurse retrieved one of the drugs from a box. The medication
was prepared by the study nurse and administered by the
second nurse who was blinded to the purpose of the intervention. The study drugs were identical in color and appearance;
therefore, the patients and study physicians were blinded to
identity.
First, using 10 centimeter visual analog scale (VAS),
all participants were assessed for severity of pain (10 =
the worst possible level of pain and 1 = painless). Then,
in the acetaminophen group, patients received intravenous
acetaminophen (England, commissioned by Cobel DarouIran, in 1 gram vials) with a dose of 1 gram in 100 mL normal
saline. In the morphine group, 0.1 mg/kg morphine in 100 mL
normal saline was infused. Both drugs were infused during
5–10 minutes.
All participants in both groups were assessed for severity
of pain according to VAS standards 15, 30, 45, and 60 minutes
after drug administration, and differences in pain level of
2 or more VAS units were considered significant. After 30
minutes, if severity of pain was equal to or more than 5 VAS
units, 1 𝜇gr/kg intravenous fentanyl was administered to the
patient as rescue therapy. After 60 minutes, patients with pain
severity of two units or less were discharged from emergency
department. If any degree of pain persisted after min 60, a
second 1 𝜇gr/kg dose of fentanyl was administered.
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This study was approved by the ethics committee of our
university and was registered in the Iranian Registration of
Clinical Trials. Besides, Institutional Review Board approval
was obtained before starting the trial. A written consent was
obtained from all participants. The study was in accordance
with Helsinki Declaration 1975.
2.1. Statistical Analysis. To consider 𝛼 = 0.05, 𝛽 = 0.2,
power = 80%, and the final differences between the two
groups at least 2 scores on VAS, the sample size was calculated
to be at least 20 in each group. Continuous variables were
summarized as mean ± SD and categorical variables as
ratios. Two-tailed independent 𝑡-test was carried out to
compare quantitative variables with normal distribution and
Chi-squared was done for comparing qualitative ones. A
repeated measure analysis was used to compare the differences between the two treatments across the time.

3. Results
Initially, 154 potential study candidates were enrolled; however, 44 subjects did not meet the inclusion and exclusion
criteria. Eventually, 110 patients were allocated randomly
between the two groups and data from these participants were
analyzed (Figure 1).
There were no significant differences between subjects of
the two groups with regard to age, sex, and baseline VAS
(Table 1).
The mean ± SD scores of two groups of patients are shown
in Table 2. A repeated measure analysis of variance revealed
that the difference between the two treatments was significant
(𝑃 = 0.0001) (Figure 2).
The VAS reduction at endpoint (30 min after drug administration) was significantly higher in the acetaminophen
group than in the morphine group (4.65 ± 2.25 versus 2.95 ±
2.18, 𝑃 = 0.0001). There was a significant difference between
two groups in terms of rescue treatment by fentanyl in min 30
(VAS ≥ 5), 31% versus 55% in the acetaminophen group and
the morphine group, respectively (𝑃 = 0.01). Besides, higher
percentages of patients were discharged in min 60 (VAS ≤ 2)
in the acetaminophen group (90.7%) than in the morphine
group (72.2%) (𝑃 = 024). Moreover, there were no adverse
effects in the acetaminophen group apart from restlessness
in 3 patients which was eliminated by slowing infusion rate,
while 8 patients in the morphine group had nausea and 6 had
vomiting.

4. Discussion
Acetaminophen and NSAIDs have some similar pharmacological activities, although acetaminophen is not considered
as an NSAID because it does not exhibit significant antiinflammatory activity. It is, on average, a weaker analgesic
than NSAIDs or COX-2 selective inhibitors [15]. To date,
the mechanism of action of acetaminophen is not completely
understood [10]. The mechanism of action is complex and
includes the effects of both the peripheral (COX inhibition)
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Assessed for eligibility
n = 154

Excluded: 44
<18 or >55 years (n = 10)
Renal, hepatic, or cardiac failure
(n = 12)
Patients with fever (n = 4)
Known opioids or acetaminophen
allergy (n = 2)
Any analgesics within 6 hours (n = 4)
Opium addiction (n = 6)
Patients who refused to participate
(n = 6)

Patients randomized to treatment
n = 110
Acetaminophen group
n = 55

Morphine group
n = 55

Excluded
n=1

Excluded
n=1

Analyzed
n = 54

During the study period,
one patient in either
group refused to continue
the study

Analyzed
n = 54

Figure 1: Patient flowchart.

Table 1: Baseline characteristics of acetaminophen and morphine
group participants.

Sex (male)∗
Age (y)∗∗
Baseline∗ VAS
∗

Acetaminophen
group (𝑛 = 54)

Morphine group
(𝑛 = 54)

𝑃 value

43 (79.6)
36.07 (9.7)
8.84 (1.37)

39 (72.2)
34.96 (8.94)
9.14 (1.13)

0.13
0.54
0.21

Numbers (%) and ∗∗ mean (standard deviation).

and central (COX, serotonergic descending neuronal pathway, L-arginine/NO pathway, cannabinoid system) antinociception processes and “redox” mechanism [16].
It is now generally accepted that it inhibits COX-1 and
COX-2 through metabolism by the peroxidase function of
these isoenzymes. Paracetamol often appears to have COX2 selectivity. The apparent COX-2 selectivity of action of
paracetamol is shown by its poor antiplatelet activity and
good gastrointestinal tolerance in addition to other studies.
It shows selectivity for inhibition of the synthesis of PGs

Table 2: Mean ± SD of VAS in two groups across the time.

Min 15
Min 30
Min 45
Min 60

Acetaminophen
group (𝑛 = 54)

Morphine group
(𝑛 = 54)

𝑃 value

5.87 ± 2
4.09 ± 2.68
2.46 ± 2.09
2.02 ± 2.03

7.46 ± 2.51
6.09 ± 2.69
4.26 ± 2.51
3.31 ± 2.51

0.0001
0.0001
0.0001
0.004

and related factors when low levels of arachidonic acid and
peroxides are available, but conversely, it has little activity
at substantial levels of arachidonic acid and peroxides. The
result is that paracetamol does not suppress the severe
inflammation but does inhibit the lesser inflammation and
is also active in a variety of inflammatory tests in experimental animals [10, 15, 17, 18]. Acetaminophen reduces
the oxidized form of the COX enzyme, preventing it from
forming proinflammatory chemicals [19]. This leads to a
reduced amount of prostaglandin E2 in the CNS, thus
lowering the hypothalamic set point in the thermoregulatory
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Figure 2: Comparison of visual analogue scores (VAS) between the
acetaminophen and the morphine group before and 15, 30, 45, and
60 minutes after drug administration.

centre [20]. Metabolites of acetaminophen have been found
in the spinal cord to suppress the signal transduction from
the superficial layers of the dorsal horn to alleviate pain.
Acetaminophen also modulates the endogenous cannabinoid
system. Its metabolite inhibits the reuptake of the endogenous
cannabinoid/vanilloid anandamide by neurons. Anandamide
reuptake would result in lower synaptic levels and less
activation of the main pain receptor [21].
The half-life of its intravenous form is 2.4 hours and
reaches a peak of 15 minutes after infusion [12]. Previously,
this drug was used in oral or rectal form, and now its
parenteral form is also available in the market. Parenteral
form of the drug is available in Iran in 1 gram vials (England,
commissioned by Cobel Darou Company-Iran).
Intravenous acetaminophen has been used for postoperative pain management and different types of pain relief
in the emergency department [22, 23]. In a comprehensive
investigation by Jones in 2011, effectiveness of intravenous
acetaminophen was at least equal to that of intravenous
morphine in acute renal colic, oral ibuprofen after cesarean
section, and oral acetaminophen after CABG and comparable
to intramuscular pethidine following tonsillectomy in children [12]. Another study in 2011 by Grissa et al. compared the
efficiency of intravenous acetaminophen with intramuscular
piroxicam in a not-blinded fashion. Their results showed that
intravenous acetaminophen is more effective in renal colic
pain relief than that of the piroxicam [24].
In 2009, in a randomized, double-blind, placebocontrolled clinical trial by Bektas et al., the efficacy of
acetaminophen, morphine, and placebo was compared in
146 patients with acute renal colic, and it was concluded
that intravenous paracetamol is an effective and safe drug
for pain control in acute renal colic patients in emergency
departments and is comparable with morphine. The mean
reduction of VAS pain intensity score was 43 mm in the
paracetamol and 40 mm in the morphine group (𝑃 = 0.74).
Besides, in the case of adverse events, two groups showed no
significant difference (𝑃 = 0.14). The study also showed that

intravenous paracetamol had a more pronounced effect than
morphine at min 15 [13]. Serinken et al. in 2012 showed that
both intravenous paracetamol and morphine were similarly
effective in pain reduction of renal colic patients at 15 min
and 30 min after drug administration. In morphine group,
there were more adverse events than in the paracetamol
group (14.3% versus 5.3%) [14]. None of the above studies
observed patients after minute 30 of drug administration.
The results of our study showed that intravenous
acetaminophen could reduce VAS pain score more than
morphine; this effect was started at 15 min after drug administration and is constituted during 60 minutes of observation.
Although previous studies are not in a line with ours in case
of drug efficacy, less adverse effects of acetaminophen are
confirmed in both previous and present studies.
4.1. Limitations. In the present study, we were supposed to
administrate additional pain rescue (fentanyl) in patients
with VAS ≥ 5 at min 30. Hence, although pain scores in
min 45 and 60 were recorded, the results were confounded
by the effect of fentanyl. This could be considered as our
study limitation. Another limitation of our study was administrating the acetaminophen during 5–10 minutes, while
the recommended method is infusing in 15 minutes. This
could be considered as the potential cause of restlessness in
acetaminophen group patients.

5. Conclusions
Given the above results, in cases of acute renal colic, intravenous acetaminophen could be considered to be a suitable
alternative to other available drugs or as a complement
to them, in order to reduce their dosage, leading to less
potential side effects, and lower costs. The use of intravenous
acetaminophen in management of pain induced by other
diseases should also be investigated, in order to extend its
uses.
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