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Abstract
Background: Pain is one of the main reasons to present to emergency departments 
(EDs). Opioids are indispensable for acute pain management but are associated with 
side effects, misuse, and dependence. The aim of this study was to test whether a 
single dose of intravenous (IV) acetaminophen (paracetamol) can reduce the use of 
morphine for pain relief and/or morphine- related adverse events (AEs).
Methods: ED patients >18 years with acute pain (i.e., Numeric Rating Scale [NRS] > 4) 
were screened for eligibility. Patients with analgesia in the past 6 h, chronic pain, or 
clinical instability were excluded. Patients were randomized in a 1:1 ratio to receive 
either morphine 0.1 mg/kg and 1 g acetaminophen IV or morphine 0.1 mg/kg and pla-
cebo IV. The intervention was double- blinded. Additional morphine 0.05 mg/kg IV 
was administered every 15 minutes until pain relief (defined as NRS < 4) and whether 
the pain recurred. The primary outcome was the mean morphine dose for pain relief. 
Secondary outcomes were the total amount of morphine given, time to achieve pain 
relief, and AEs.
Results: A total of 220 patients were randomized and 202 evaluated for the primary 
outcome. The mean morphine dose for pain relief was similar in both groups (acetami-
nophen 0.15 mg ± 0.07 mg/kg, placebo 0.16 ± 0.07 mg/kg). There were no differences 
in the total amount of morphine given (acetaminophen 0.19 ± 0.09 mg/kg, placebo 
0.19 ± 0.1 mg/kg), the time to achieve pain relief (acetaminophen 30 min [95% CI 17– 
31 min], placebo 30 min [95% CI 30– 35 min]), and the frequency of AEs (overall 27.4%). 
Time to pain recurrence did not differ significantly between the groups (hazard ratio 
1.23 [0.76– 1.98], p = 0.40).
Conclusions: In ED patients, acetaminophen had no additional effect on pain control 
or morphine- sparing effect at the time of first morphine administration. Titrated mor-
phine with the algorithm used was highly effective, with 80% of all patients reporting 
pain relief within 60 min of starting therapy.
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INTRODUC TION

Pain is one of the main reasons to present to the emergency depart-
ments (EDs),1 and more than half of all patients present because of 
acute pain.2 The efficacy of different pain medications in emergency 
situations remains highly controversial. A recent systematic review 
showed that the addition of opioids was no more effective than non-
steroidal anti- inflammatory drugs (NSAIDs) or acetaminophen alone, 
but was associated with more adverse events (AEs) in musculoskel-
etal injuries.3 However, opioids are indispensable for acute severe 
pain,4,5 and early pain relief is of utmost importance to emergency 
patients.6 Titration of opioids has been shown to be highly effective 
for pain relief,5 but adherence to published protocols is often poor 
and needs to be monitored to optimize pain management.7 Opioids 
have significant disadvantages, such as frequent and expected ad-
verse effects (nausea and vomiting), a narrow therapeutic margin 
limiting their use due to respiratory depression, and finally a signif-
icant potential for misuse and overdose. These problems are well 
known to caregivers and may contribute to opiophobia and subse-
quent oligoanalgesia.8 Therefore, opioid- sparing drugs or combina-
tions of opioid and nonopioid analgesics may offer an advantage in 
acute pain control.9,10 Unfortunately, research on the combination of 
opioids with other pain medications in the emergency setting is still 
controversial and there is a paucity of data.10– 13 Widely accepted 
concepts of pain management in the ED typically favor individual 
and titrated dosing of opioids,14,15 but particularly within these pain 
management concepts there is a lack of randomized trials of combin-
ing titrated opioids with other drugs such as acetaminophen (parac-
etamol), to reduce the total amount of opioids required for acute 
pain relief.

We therefore conducted this prospective multicenter trial with 
titrated and individualized opioid dosing in patients presenting to 
the EDs with moderate to severe pain of any origin, type, or location. 
Our hypothesis was that a double- blind addition of intravenous (IV) 
acetaminophen or placebo might favor acetaminophen in terms of 
faster pain relief or a lower opioid dose to achieve pain relief.

METHODS

Study design and setting

This is a multicenter, randomized (1:1), double- blind, placebo- 
controlled, parallel- group design trial, conducted in two tertiary EDs 
in Switzerland. The study was approved by the local ethics com-
mittee (EKOS/EKNZ ID 2018– 02226) and registered at Clini calTr 
ials.gov (NCT03843281), and Consolidated Standards of Reporting 
Trials (CONSORT) guidelines were followed.16

The study took place from May 2019 to October 2020 in the ED 
of the Cantonal Hospital of St. Gallen, Switzerland, with an annual 
census of 40,000 patients, and from October 2019 to October 2020 
in the ED of the University Hospital of Basel, Switzerland, with an 
annual census of over 50,000 patients. Both EDs serve respectively 

as tertiary referral care centers for the northeast and northwest of 
Switzerland.

Selection of participants

Patients were screened during daytime (from 07:30 to 23:00 at the 
ED of the Cantonal Hospital of St. Gallen and from 08:00 to 17:00 
at the ED of the University Hospital of Basel) at triage by the triage 
team (nurse or physician). Eligible participants were all adults aged 
18 or over presenting to the ED with a pain score on the Numeric 
Rating Scale (NRS; 0 to 10) of four or more who provided informed 
consent. Initial oral consent was permitted to rapidly treat patients 
with severe pain in accordance with the institutional review boards. 
In these cases, oral consent was registered on the case report form 
(CRF) of the study. Written consent was subsequently obtained after 
the patient's response to analgesia. Exclusion criteria were analge-
sia (including acetaminophen and/or NSAIDs) in the last 6 h prior 
to the ED visit, current analgesia with extended- release drugs and/
or opioids, chronic pain (defined as pain lasting longer than 7 days), 
contraindications and/or refusal to either acetaminophen and/or 
morphine application, pregnancy and/or breastfeeding, Glasgow 
Coma Scale (GCS) < 13, systolic blood pressure (sBP) < 90 mm Hg, 
peripheral oxygen saturation (SpO2) < 90% under a maximum of 4 L/
min O2, “fast- track” patients (patients with minor injuries, see- and- 
treat patients), or a planned local anesthesia or nerve block at the 
time of triage.

Randomization and intervention

Patients were asked at triage to rate their pain using a NRS from 0 
(“no pain”) to 10 (“worst possible pain”). If a patient was eligible for 
the study, the study team was notified, ensuring that the study cri-
teria were met, and obtained written (or initially oral) consent. The 
patients were randomly selected and initially received an IV infusion 
of 1 g acetaminophen for 10 min or the respective matching placebo 
(sodium chloride 0.9%). At the same time morphine 0.1 mg/kg body 
weight was administered intravenously. Participants were randomly 
assigned to one of the two treatment groups using simple randomi-
zation procedures. We used randomly permuted blocks with block 
sizes ranging from two to eight for up to 200 patients per study 
center to create an allocation sequence table. After enrollment in the 
study, an independent study assistant prepared the investigational 
compound (acetaminophen 1 g/100 ml or sodium chloride 0.9% 
100 ml) and transferred the solution into a dark plastic bag to blind 
both patient and investigator. The blinded infusion and the patient 
were assigned a corresponding sequential number. The infusion was 
administered to the patient at the same time as the first dose of mor-
phine. The patients, nurses, and physicians (including investigators) 
were blinded for the assigned intervention. After the initial treat-
ment, pain was measured again every 15 min using the NRS (0– 10) 
and blood pressure (BP), heart rate, and respiratory rate (RR), SpO2, 
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and GCS were recorded. If pain was still ≥4 on the NRS, and all safety 
criteria absent (GCS < 13, SpO2 < 90% with a maximum of 4 L/min 
O2, sBP < 90 mm Hg), an additional dose of morphine 0.05 mg/kg IV 
was given. Morphine administration was repeated every 15 minutes 
until the pain reached <4 (NRS) or the patient reached safety criteria. 
We used locally defined safety criteria for exclusion and subsequent 
dosing, as there are no internationally defined safety criteria.17 Pain 
<4 (NRS) was defined as “pain relief.” The patient was instructed to 
inform the study team if pain increased to ≥4 (NRS). In this case, the 
time was recorded and additional analgesia with morphine 0.05 mg/
kg IV was administered every 15 min until the pain reached <4 (NRS) 
again or the patient developed safety concerns. No other emergency 
medication was planned. Patients receiving sedation or other anal-
gesics (according to the treating physician and after consultation 
with the principal investigator) were excluded from the analysis. The 
effect of the intervention was observed for a total of 4 h after the 
first infusion of the study medication (acetaminophen and morphine 
or placebo and morphine; Figure S1). All study- relevant data (pain 
scores, vitals, etc.) were recorded on a CRF by the treating team 
(nurse and physician) immediately after assessment. Demographic 
data were recorded at randomization by the study team using the 
same CRF. All data were transferred to the electronic CRF (SecuTrial, 
interActive Systems) by the study team.

Outcomes

The primary outcome was the total amount of morphine used until 
the first pain relief, comparing acetaminophen and placebo groups. 
Secondary outcomes were

a. The total amount of morphine needed to achieve and maintain 
pain relief in the first 4 h;

b. The time to pain relief (defined as the time to reach an NRS < 4 
for the first time after administration of medication);

c. The time to recurrence of pain after pain relief;
d. And the frequency of AEs.

AEs were entered into the CRF by caregivers as previously de-
scribed. Caregivers could choose a predefined AE (injection pain, 
dizziness, numbness, nausea, vomiting, hypotension, respiratory de-
pression, GCS < 13) or free text. The severity of AE was classified as 
follows: mild (mild symptoms, clinical or diagnostic observation only, 
no intervention indicated), moderate (minimal, local or noninvasive 
intervention indicated), or severe (severe or medically significant but 
not immediately life- threatening, hospitalization indicated for AE 
only, disabling, life- threatening consequences, urgent intervention 
indicated, death related to AE).18 The causality of AE related to the 
intervention was classified as follows: definite (temporal relation-
ship, improvement after dechallenge, recurrence after rechallenge, 
or other evidence of drug- related cause), probable (temporal rela-
tionship, improvement after dechallenge, no other cause evident), 
possible (temporal relationship, other cause possible), unlikely (any 

assessable reaction that does not meet the other conditions), or un-
related (causal relationship can be excluded).

For the mean morphine dose required to reach pain relief, a sub-
group analysis for the body region and type of pain was performed. 
The classification of the patients according to body region and pain 
time was carried out in a blinded manner by the principal investi-
gator. Only subgroups including at least 20 patients were to be 
analyzed.

Statistical analysis

Sample size was calculated using simulations, which provide a flex-
ible way to calculate sample size when simple formulae are not 
applicable.19 The required sample size was obtained by simulating 
cumulative doses of morphine for different numbers of patients 
with realistic assumptions about the initial distribution of pain scores 
based on clinical observations, the mean effect per injection of mor-
phine and the individual variation of this effect based on standard 
deviations (2.0– 2.5) reported by Masoumi et al.20 The added effect 
of acetaminophen was chosen to reduce the mean morphine dose 
by 20% according to previous meta- analyses.11,21 Based on 1000 
simulations per patient number, 100 patients per treatment group 
were calculated to achieve 90% power to reject the null hypothesis 
in a permutation test.

The morphine dose required for pain relief (primary endpoint) 
was calculated as the total morphine dose required to reduce pain 
to a NRS score <4. As each individual morphine bolus was deter-
mined by patient weight, the primary analysis was performed for 
morphine dose per kg body weight. Additionally, an analysis of the 
absolute morphine dose in mg was performed. The difference in 
mean dose between the two treatment groups was tested against a 
null distribution generated by random permutation of the treatment 
groups (10,000 permutations). The two- sided p- value was defined 
as the proportion of permutations resulting in a difference equal to 
or greater than that observed in absolute value. A nonparametric 
95% confidence interval (CI) for the difference in mean dose was ob-
tained by simple bootstrapping, using the 2.5% and 97.5% quantiles 
of 10,000 bootstrapped values. This method was chosen to avoid 
making assumptions about the underlying distribution. The same 
test principle was applied for total morphine dose needed until the 
end of the study.

The time required for pain relief was analyzed with Kaplan– 
Meier curves and compared between the two treatment groups 
with a log- rank test. Patients who received rescue medication 
were censored until the time of rescue medication. The pain- free 
interval was also analyzed with Kaplan– Meier curves and com-
pared between the two treatment groups with a log- rank test. The 
median time to pain recurrence was compared using the Mann– 
Whitney U- test. As a subgroup analysis for the primary endpoint, 
total morphine dose was stratified by demographic criteria, pain 
type, and morphine- related AEs. The frequency of AEs was ana-
lyzed in two ways. First, the proportion of AEs observed in each 



4  |   
INTRAVENOUS ACETAMINOPHEN DOES NOT REDUCE MORPHINE USE FOR PAIN RELIEF IN EMERGENCY 

DEPARTMENT PATIENTS: A MULTICENTER, RANDOMIZED, DOUBLE- BLIND, PLACEBO- CONTROLLED TRIAL

treatment group was compared with the proportion expected 
based on the number of patients in each group (50%) using an 
exact binomial test. This procedure was chosen because some pa-
tients experienced more than one AE. The frequency of each type 
of event was similarly analyzed. Second, the proportion of patients 
per group experiencing at least one AE was compared using a chi- 
square test. Significant permutation tests were adjusted for multi-
ple testing using the Bonferroni– Holm method.

Each analysis was performed for the available data, except for 
the per- protocol analysis of the primary endpoint. Missing data were 
not imputed. We defined a p- value of less than 0.05 to be statisti-
cally significant in all analyses. All evaluations were performed with 
the R software language and environment for statistical computing, 
R Foundation for Statistical Computing (R version 4.0.2).

RESULTS

Characteristics of study subjects

A total of 4580 patients were screened for eligibility between May 
2019 and October 2020. After the exclusion criteria were applied, 
202 patients were included for the primary intention- to- treat (ITT) 
analysis (102 patients in the acetaminophen group, 100 in the pla-
cebo group). For the per- protocol (PP) analysis, three patients were 
excluded (two patients in the acetaminophen group, one in the pla-
cebo group), leaving 100 patients in the acetaminophen group and 
99 patients in the placebo group (Figure 1).

Of the 202 patients included, 177 (87 in the acetaminophen 
group, 90 in the placebo group) were monitored for the planned 4 h 
after the first treatment (acetaminophen and morphine or placebo 
and morphine). Secondary outcomes were analyzed for 212 (AEs) 
to 177 patients (total dose of morphine). Each subgroup is shown in 
Table S1 and Figure S2, respectively.

Baseline demographic and clinical characteristics were similar 
in the acetaminophen and placebo groups. The median age was 
46 years (range 18– 89 years), and 62% were male. The median initial 
pain score was 8 (range 4– 10). Abdominal pain was the most com-
mon pain location (75 patients, 34.1%) and “dull” the most common 
pain quality (85 patients, 38.6%) (Table 1). The mean ± SD time from 
randomization to the first dose of medication was 17.7 ± 11.8 min in 
the acetaminophen group, and 16.2 ± 11.1 min in the placebo group.

Outcomes

Primary outcome

The mean ± SD morphine dose required to achieve initial pain re-
lief in the ITT analysis was 0.15 ± 0.07 mg/kg or 12.0 ± 5.8 mg in the 
acetaminophen group and 0.15 ± 0.07 mg/kg or 13.0 ± 6.2 mg in the 
placebo group (p = 0.2). The results of the PP analysis were almost 
identical to those of the ITT analysis (Table 2).

Secondary outcomes

Total morphine dose during 4 h intervention
In the 177 patients with 4- h follow- up, the total morphine dose 
required to achieve and maintain pain relief was 0.19 ± 0.09 mg/kg 
or 15.1 ± 7.5 mg in the acetaminophen group, which was not sig-
nificantly different from the placebo group (0.19 ± 0.10 mg/kg or 
15.5 ± 8.6 mg; p = 0.68 or p = 0.78).

Time to pain relief
In the ITT analysis the median time to pain relief was 30 min (95% 
CI 17– 31 min) in the acetaminophen group and 30 min (95% CI 30– 
35 min) in the placebo group (hazard ratio [HR] 1.21 [0.92– 1.60], 
p = 0.18). In the PP analysis, the median time to pain relief was 
26 min (95% CI 16– 31 min) in the acetaminophen group and 30 min 
(95% CI 30– 35 min) in the placebo group (HR 1.23 [95% CI 0.93– 
1.63], p = 0.14).

Time to pain recurrence
Forty patients (39.6%) in the acetaminophen group and 38 (38.4%) 
in the placebo group experienced pain again during the interven-
tion time. The median pain- free period was not determined, as >50% 
of the patients in both treatment groups were still pain- free at the 
end of the observation period. The time to pain recurrence was not 
significantly different between treatment groups (HR 1.23 [95% CI 
0.76– 1.98], p = 0.40). At 180 minutes after pain relief, the estimated 
proportion of patients who remained pain- free was 63.1% (95% 
CI 54.2%– 73.5%) in the acetaminophen group and 69.9% (95% CI 
61.3%– 79.8%) in the placebo group (Table 2).

AEs
Twenty- four patients (22.9%) in the acetaminophen group and 34 
patients (32.4%) in the placebo group experienced at least one AE. 
The proportion of patients with at least one AE did not differ sig-
nificantly between the two groups (chi- squared test, p = 0.16). A 
total of 73 AEs were registered (31 in the acetaminophen group, 42 
in the placebo group). The proportion of AEs in the acetaminophen 
group (42.5%, 95% CI 31.0%– 54.6%) was not significantly lower than 
that expected from the proportion of patients (50%) included in this 
group (exact binomial test, p = 0.24). The most frequent type of AE 
was nausea, followed by dizziness and vomiting. The proportion of 
each type of event that occurred in the acetaminophen group ranged 
from 29% to 75%, but never differed significantly from the expected 
50% (Table 3). Of the 31 AEs recorded in the acetaminophen group, 
15 (48.4%) were classified as related to the intervention (nine defi-
nitely, six probably) and 16 as possibly related or unrelated. Of the 
42 AEs recorded in the placebo group, 31 (73.8%) were classified as 
related to the intervention (seven definitely, 24 probably) and 11 as 
possibly related. The proportion of related AEs appeared to be lower 
in the acetaminophen group but this difference was not statistically 
significant (chi- square test, p = 0.079). Of the 31 AEs recorded in 
the acetaminophen group, 15 (48.4%) were rated as moderate and 
one (3.2%) as severe. This severe case was a young patient with a 
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fracture of the clavicle. The planned outpatient treatment could not 
take place because a severe orthostatic reaction occurred, leading 
to unplanned hospitalization. No intervention was required and the 
patient could be discharged the next day. Of the 42 AEs recorded 
in the placebo group, 24 (57.1%) were rated as moderate and none 
as severe. The proportion of moderate or severe AEs did not differ 
significantly between the two groups (chi- square test, p = 0.82).

Subgroup analysis

There was no significant difference in the total morphine dose 
needed the achieve pain relief according to the location and quality 
of pain when multiple testing was considered (Table S2).

DISCUSSION

The main findings of this study were excellent pain control using a 
titrated and individualized morphine analgesia in the majority of ED 
patients with moderate to severe pain and the absence of a differ-
ence between additional acetaminophen or placebo. These results 
are similar to those of previous studies that showed a lack of su-
periority of combining hydromorphone with acetaminophen22,23 or 
combining various opioids with acetaminophen.13 However, these 
studies did not take advantage of titrated and individualized opioid 
therapy, while an older study using the hydromorphone 1 + 1 mg ti-
tration approach showed favorable results, but 42% of all patients 
only needed a single dose, reflecting the inclusion of patients with 
less severe pain.24

F I G U R E  1  Study flow chart. AE, adverse event; ITT = intention to treat; NRS, numeric rating scale; OR, operating room; PP = per 
protocol. Pain relief = pain < 4 NRS
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A more recent study combining ibuprofen, followed by acetamin-
ophen alone, or together with oxycodone, showed better analgesia 
for the combination, but there was no oxycodone group without 
acetaminophen.25 When comparing acetaminophen with hydromor-
phone, pain relief was more effective with the opioid– the trade- off 
being more side effects— but opioid reduction using a combination 
was not attempted.26

Given the lack of direct comparability with studies using state- 
of- the- art titrated and individualized morphine therapy (with or 
without acetaminophen) in patients presenting to the ED with 
acute pain, a comparison with postoperative pain may be of value. 
According to a Cochrane review, the amount of opioids needed 
could be reduced to up to 25% when acetaminophen was added 
for pain control— with a similar rate of unwanted side effects.12 
However, it seems unlikely that such side effects can be massively 
reduced in an emergency cohort that often suffers from nausea 
and vomiting at presentation and before initiation of therapy.23 
Furthermore, it is debatable whether these most frequent side 

effects are dose- dependent, as they can occur even at very low 
doses.27

Overall, it remains unclear why acetaminophen seems to have 
an opioid- sparing effect in postoperative use but not in patients 
presenting to the ED with moderate to severe acute pain. However, 
given the data on fixed- dose opioids13,22,23 or titrated and individu-
alized morphine in this study (not providing evidence of differences 
in efficacy or side effects), it seems unlikely that acetaminophen 
would have an effect in ED patients. Furthermore, in ED patients 
with moderate to severe acute pain, initial analgesia with acetamino-
phen alone may delay administration of opioids and consecutive pain 
relief and should therefore not be considered standard treatment.

LIMITATIONS

We are aware that this study has its limitations. First, we included pa-
tients presenting with pain of different origin, location, and quality. 

Patients included in the primary 
analysis (n = 202)

Patients randomized 
(n = 220)

Acetaminophen 
(n = 102)

Placebo 
(n = 100)

Age (years) 46 (18– 89) 46 (18– 89) 46.5 (18– 83)

Sex

Males 136 (62) 64 (63) 60 (60)

Females 84 (38) 38 (37) 40 (40)

Weight (kg) 82 (45– 128) 81 (47– 128) 82 (45– 120)

Systolic BP (mm Hg) 136 (97– 226) 135 (97– 205) 137.5 (105– 226)

Initial pain NRS 8 (4– 10) 8 (4– 10) 8 (5– 10)

Localization of pain

Abdominal 75 (34.1) 36 (35.3) 38 (38.0)

Back 17 (7.7) 8 (7.8) 7 (7.0)

Chest 6 (2.7) 2 (2.0) 4 (4.0)

Extremity 46 (20.9) 22 (21.6) 18 (18.0)

Flank 52 (23.6) 27 (26.5) 25 (25.0)

Maxillofacial 1 (0.5) 1 (1.0) 0 (0.0)

Perianal (incl. testicular) 14 (63.6) 6 (5.9) 8 (8.0)

Quality of pain

Burning 2 (0.9) 1 (1.0) 0 (0.0)

Colicky 27 (12.3) 16 (15.7) 11 (11.0)

Diffuse 14 (63.6) 5 (4.9) 9 (9.0)

Dull 85 (38.6) 45 (44.1) 39 (39.0)

Sharp/stabbing 84 (38.2) 35 (34.3) 41 (41.0)

Additional symptoms

Nausea 44 (20) 24 (23.5) 17 (17)

Vomiting 18 (8.2) 10 (9.8) 7 (7)

Dizziness 14 (6.4) 8 (7.8) 5 (5)

Note: Data are reported as median (range) of numeric variables or n (%) of categories.
Abbreviations: BP, blood pressure; NRS, Numeric Rating Scale.

TA B L E  1  Baseline demographic and 
clinical characteristics of randomized and 
included patients
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It is possible that acetaminophen may have morphine- sparing po-
tential in certain subgroups, as has been shown in postoperative pa-
tients. However, our group size was too small to perform subgroup 
analyses. Second, we only included patients at two sites, both in 

academic EDs in cities with a similar population. External validity 
is therefore limited. Third, we did not include patients with mild to 
moderate pain, but rather with severe pain (around 8/10 NRS) and 
administered about 12 mg (or 0.15 mg/kg) of morphine for pain relief. 

TA B L E  2  Primary and secondary outcomes

Outcomes Acetaminophen n Placebo n Difference (95% CI) p- value

Primary

Total morphine dose for first pain 
relief (mg/kg), mean ± SDa

ITT 0.15 ± 0.07 102 0.16 ± 0.07 100 −0.01 (−0.03 to 0.01) 0.22

PP 0.15 ± 0.07 100 0.16 ± 0.07 99 −0.01 (−0.03 to 0.01) 0.15

Total morphine dose for first pain 
relief (mg), mean ± SDa

ITT 12.0 ± 5.8 102 13.0 ± 6.2 100 −1.0 (−2.7 to 0.6) 0.23

PP 12.0 ± 5.7 100 13.1 ± 6.1 99 −1.1 (2.7 to 0.6) 0.18

Secondary

Total amount of morphine at 4 h (mg/
kg), mean ± SDb

0.19 ± 0.09 87 0.19 ± 0.10 90 −0.01 (−0.03 to 0.02) 0.68

Total amount of morphine at 4 h (mg), 
mean ± SDb

15.1 ± 7.5 87 15.5 ± 8.6 90 −0.36 (−2.80 to 2.03) 0.78

Time to pain relief (min), median 
(95% CI)c

ITT 30 (17 to 31) 105 30 (30 to 35) 106 1.21 (0.92 to 1.60)d 0.18

PP 26 (16 to 31) 102 30 (30 to 35) 104 1.23 (0.93 to 1.63)d 0.14

Time to pain recurrence (min), 
median (IQR)e

48 (33 to 107) 40 61.5 (35 to 145) 38 0.38

Note: Pain relief = pain < 4 NRS.
Abbreviations: HR, hazard ratio; IQR, interquartile range; ITT, intention to treat; NRS, Numeric Rating Scale; PP, per protocol.
aData available for 202 patients.
bData available for 177 patients (25 patients had early transport to the operating room).
cData available for 211 patients in the ITT population and for 206 patients in the PP population.
dHR (95% CI).
eData available for 78 patients with pain recurrence.

Overalla 
(n = 91)

Acetaminophen 
n = 37)

Placebo 
(n = 54)

% Acetaminophen,b

41% (31%– 52%) p- valuec

Numbness 4 (4.4) 3 (8.1) 1 (1.8) 75 (19– 99) 0.63

Dizziness 16 (17.6) 6 (16.2) 10 (18.5) 37 (15– 65) 0.45

Nausea 46 (50.5) 18 (48.6) 28 (51.9) 39 (25– 55) 0.18

Vomiting 15 (16.5) 7 (18.9) 8 (14.8) 47 (21– 73) 1.00

Hypotension 3 (3.3) 1 (2.7) 2 (3.7) 33 (1– 91) 1.00

Respiratory 
depression

7 (7.7) 2 (5.4) 5 (9.3) 29 (4– 71) 0.45

Note: Data are reported as n (%) unless otherwise specified.
aData available for 212 patients (106 in each group). Multiple symptoms were counted; the 
numbers of patients affected were 24 in the acetaminophen and 34 in the placebo group, 
respectively.
bProportion (%) of events observed in the acetaminophen group (with 95% CI).
cp- values from exact binomial tests comparing the observed proportion to that expected 
under the null hypothesis (50%) based on the proportion of evaluable patients that were in the 
acetaminophen group.

TA B L E  3  AEs during observation
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Totally administered doses of about 16 mg (or 0.2 mg/kg) within 4 h 
could be considered high. However, a dose of 0.1 mg/kg has been 
shown to lack an effect in most ED patients.28 Doses of 0.15 mg/
kg have been shown to be statistically— but not clinically— superior.4 
We can only speculate whether results might be similar in patients 
with less pain or in other locations (about half of our patients suf-
fered from abdominal or flank pain). Fourth, we had a number of ex-
clusion criteria, particularly previous analgesia, and were therefore 
only able to recruit about 5% of all patients presenting at daytime, in 
spite of extensive screening. We did not screen at night, which could 
also be cause to an inclusion bias, as patients presenting at night 
could be different. Fifth, despite a nonsignificant difference in the 
two groups, the lower CI in the acetaminophen group in the time- 
to- pain- relief analysis could theoretically indicate a shorter time to 
pain relief. Finally, we did not assess other patient- related outcomes 
besides pain, realizing that pain is not all that matters to patients.

CONCLUSION

We conclude that there is no evidence to support the hypothesis that 
one intravenous dose of acetaminophen has an additional effect on 
pain control or a morphine- sparing effect. However, the pain man-
agement used was highly effective, with 80% of all patients report-
ing pain relief within 60 minutes of starting therapy. We therefore 
cannot exclude a ceiling effect due to the efficacy of titrated intrave-
nous morphine. In emergency patients with acute and moderate to 
severe pain we therefore recommend the use of titrated intravenous 
morphine and abstain from additional intravenous acetaminophen.
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