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Preventive Acetaminophen Reduces Postoperative Opioid

Consumption, Vomiting, and Pain Scores After Surgery
Systematic Review and Meta-Analysis

Brett Doleman, MBBS, David Read, BMBS, Jonathan N. Lund, DM, and John P Williams, PhD

Background and Objectives: Preventive analgesia has been proposed
as a potential strategy to reduce postoperative pain. However, there is cur-
rently no review that focuses on acetaminophen for preventive analgesia.
Methods: We conducted a search of MEDLINE, EMBASE, Cinahl,
AMED, and CENTRAL databases identifying randomized controlled trials
that compared preventive acetaminophen with postincision acetaminophen.
Results: Seven studies with 544 participants were included. Overall, the
studies showed a reduction in 24-hour opioid consumption (standardized
mean difference [SMD] of —0.52; 95% confidence interval [95% CI],
—0.98 to —0.06), lower pain scores at 1 hour (MD, —0.50; 95% CI, —0.98
to —0.02) and 2 hours (MD, —0.34; 95% CI, —0.67 to —0.01), and a lower
incidence of postoperative vomiting (risk ratio, 0.50; 95% CI, 0.31-0.83)
in the preventive acetaminophen group. Current studies are limited by a po-
tential risk of bias.

Conclusions: To our knowledge, this is the first review to describe a po-
tential preventive effect of acetaminophen. However, well-conducted ran-
domized controlled trials are necessary to substantiate the conclusions of
this review.

(Reg Anesth Pain Med 2015:40: 706-712)

Posto erative pain is a common consequence of major surgery,
dence of approximately 80%, with 39% of these
ncing severe or extreme pain.' More than half of

patients are treated with intravenous opioids after major surgery,’
despite patient concerns over potential addiction and opioid-
related adverse effects.! Therefore, alternative strategies to reduce
opioid consumption have been proposed, such as the use of non—
opioid-based multimodal analgesia.>

Acetaminophen is a commonly used analgesic. Although its
mechanism of action is unclear, it has been suggested that it may
mediate its effects through cyclooxygenase inhibition, serotoner-
gic activation, and/or cannabinoid pathways.* Acetaminophen
has proven efficacy as a postoperative analgesic,>® with a number
needed to treat (NNT) for a 50% pain reduction of 3.8 (95% con-
fidence interval [95% CT], 3.4—4.4).” It also has a possible role in
the prevention of postoperative nausea and vomiting.® Acetamin-
ophen has a low incidence of side effects,” making it a common
alternative to nonsteroidal anti-inflammatory drugs (NSAIDs)
for high-risk patients.

It has been suggested that preventive analgesia might im-
prove postoperative pain'® and reduce the need for opioid analge-
sics after surgery. By providing early and adequate analgesia
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before surgical incision, preventive analgesia may reduce central
sensitization resulting from surgical incision'' and provide more
effective pain control in the postoperative period compared with
the same analgesic given after incision.'> After initially promising
results in animal models, 2 large conflicting reviews have been
published examining the effects of preventive analgesia. The first
showed no significant benefit of preventive analgesia on postoper-
ative outcomes when using NSAIDs, epidural analgesia, keta-
mine, or intravenous opioids.13 A more recent review,'* however,
found an opioid-sparing effect of preventive epidural analgesia, lo-
cal anesthetic wound infiltration, and NSAIDs. Neither review eval-
uated other useful clinical end points such as reductions in opioid-
related side effects or adverse events.'>!*

However, the role of acetaminophen as a preventive analge-
sic is yet to be elucidated. Randomized controlled trials have been
published during the last decade suggesting a possible beneficial
effect, although this is the first meta-analysis to evaluate a poten-
tial role for preventive acetaminophen in postoperative pain man-
agement. Therefore, the aim of this review was to summarize the
role of preventive acetaminophen compared with postincision
acetaminophen in reducing postoperative pain, opioid consump-
tion, and opioid-related side effects.

METHODS

This systematic review was produced in accordance with the
PRISMA checklist.'® The review was registered on the PROS-
PERO database with the registration number CRD42014013489.
The original protocol was updated to compare preventive acet-
aminophen with a further active group composed of patients
who had received postincision acetaminophen.

The study search was conducted in August 2014 by one
of the study authors (B.D.). Electronic databases searched in-
cluded MEDLINE (1946-2014), EMBASE (1974-2014), Cinahl
(1981-2014), CENTRAL (1985-2014), and AMED (1985-2014).
Search terms included the free text words within the title or abstract:
“paracetamol,” “acetaminophen,” “ofirmev,” “pefalgan” AND “sur-
gery” The medical subject heading (MeSH) “SURGICAL PROCE-
DURES, OPERATIVE” was exploded and combined with the key
words above (Appendix 1). Appropriate modifications were made
for alternative databases. In addition, we searched references
and citations for additional studies. The clinical trial databases
Clinicaltrials.gov and the meta-register of Current Controlled Tri-
als were searched to identify unpublished studies. Authors were
contacted for further information if necessary.

We included studies that were randomized controlled trials of
acetaminophen given preventively (defined as within 1 hour be-
fore induction of anesthesia) versus after incision (any time be-
tween postincision and within 30 minutes from the end of
surgery). We included patients older than 16 years. All types of
surgery were considered. We had no language restrictions in the
search. Articles were translated if necessary using Google Trans-
late. We excluded articles that focused on pediatric populations
and articles that studied preventive acetaminophen versus placebo.
Inclusion and exclusion criteria were independently assessed by
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2 study authors (B.D. and J.PW.), and agreement was reached by
consensus. The primary outcome was 24-hour opioid consump-
tion. Other outcomes assessed included postoperative pain scores
at rest, time to first analgesic request, nausea, vomiting, and pruritus.

Study information was extracted onto an electronic database
by 2 study authors (B.D. and D.R.). Information included study
name, sample size, percentage of female participants, mean age,
duration of surgery, type of intervention and comparator, type of
anesthesia, type of surgery, pain scale used, and outcomes mea-
sured. Risk of bias was assessed using the Cochrane Risk of Bias
tool'® by 2 study authors (B.D. and D.R.), and agreement was
reached by consensus. Where outcome data were not available,
authors were contacted to provide additional information. If no re-
ply was received, data were extracted from graphs. If not reported,
standard deviations were estimated from other studies within
the meta-analysis.'”

Pain scores and time to first analgesic are presented as mean
differences (MDs). Pain scores were converted to a 10-point scale.
Because of the different opioids used, 24-hour opioid consump-
tion is presented as standardized MDs (SMDs). We regarded clin-
ically significant SMD values as small, more than 0.3; moderate,
more than 0.5; or large, more than 0.7. Dichotomous data are pre-
sented as risk ratios (RRs) and NNT where appropriate. All results
are presented with 95% confidence intervals (95% Cls). Random-
effects modeling was used because of significant clinical hetero-
geneity in the included studies.

Publication bias was assessed using a 1-tailed Egger linear
regression test. Statistical heterogeneity was assessed using the
P statistic with P values derived from the X statistic. Investiga-
tion of heterogeneity was undertaken using the method of mo-
ments, random-effects meta-regression using the covariate of
control group morphine equivalent consumption. Results are re-
ported as the total proportion of the between-study heterogeneity
explained (R?) with a corresponding P value for the model. Sensi-
tivity analysis was conducted by excluding studies at high risk of
bias and removing studies that used spinal anesthesia and those
that gave additional postoperative doses and using 1 study—
removed analysis. All analyses were undertaken using Compre-
hensive Meta-analysis 3'® and Review Manager 5.3 from the
Cochrane Collaboration. '

RESULTS

Electronic database searching of MEDLINE, EMBASE,
Cinahl, and AMED identified 3083 records. Searching of the CEN-
TRAL database identified an additional 262 studies. Seventeen
studies were identified from searching of study references and cita-
tions, and the authors of 1 study replied with information after
searching unpublished studies on clinical trial databases (Fig. 1).
After review of the abstracts, 68 studies were identified as poten-
tially relevant to the research question. Studies were excluded for
the following reasons: solely comparing acetaminophen with pla-
cebo (n = 60) and the active arm used proparacetamol (n = 1).

Seven studies were included in the final meta-analysis.?* %
All studies were randomized controlled trials (Table 1). Accurate
risk of bias assessment was difficult because of poor reporting
in most of the trials. Blinding of outcome assessment was unclear
in 6 of the studies, and only 2 studies described adequate alloca-
tion concealment (Fig. 2). Surgical procedures were diverse, with
each study focusing on different types of surgery®’ with varying
degrees of postoperative opioid consumption (0.4-35 mg). The
percentage of female participants ranged from 15% to 100%.
All studies used intravenous acetaminophen, with 2 studies giving
additional postoperative doses.*'** Mean duration of surgery
ranged from 60 to 135 minutes. The initial dose of acetaminophen
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was given 15 to 30 minutes before induction of anesthesia in 5
studies,?*****26 30 minutes preoperatively in 1 study,”® and
10 minutes before incision in 1 study.®>

Postoperative Analgesia

Six studies®®° were included in the meta-analysis (Fig. 3).
Overall, these studies showed lower 24-hour opioid consumption
in the preventive acetaminophen group, with an SMD of —0.52
(95% CI, —0.98 to —0.06). Statistical heterogeneity was consider-
able (P = 82%; P < 0.001). One study?® that failed to show a re-
duction in pethidine consumption was not included in this
analysis because there was no specified time frame over which
opioid consumption was measured (47 vs 51 mg; P = 0.24).

There was no evidence of publication bias (P = 0.32). On
meta-regression, morphine equivalent consumption in the control
group predicted the majority of the heterogeneity between the
studies (R* = 58%; P =0.005). Sensitivity analysis showed that re-
ductions in morphine were heavily influenced by 1 study,*® and
analysis of studies at a lower risk of bias resulted in lower opioid
consumption (SMD, —0.98; 95% CI, —1.71 to —0.24). Removing

3083 records 17 additional
identified records
through identified
database through
searching of hand-searching
MEDLINE, of citations and
EMBASE, AMED references

and Cinahl 1 additional
262 records record identified
identified from

through unpublished
database studies
searching of

CENTRAL

60 papers
excluded as
paracetamol
versus placebo

68 of full-text
articles assessed

for eligibility

7 of studies
included in
qualitative
synthesis

7 of studies
included in
quantitative

synthesis
(meta-analysis)

1 paper
excluded as
proparacetamol

FIGURE 1. PRISMA flowchart for included studies.
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Blinding of participants and personnel (performance bias)

Random sequence generation (selection bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

~ | Allocation concealment (selection bias)
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FIGURE 2. Risk of bias for the included studies. Green indicates low
risk, yellow indicates unclear risk, and red indicates high risk.

the study that used spinal anesthesia®> did not affect the results.
Excluding studies that gave additional postoperative doses led to
a lower opioid consumption in the preventive group (SMD,
—0.81; 95% CI, —1.36 to —0.25).

Time to first analgesic request was reported in 4 studies.
These studies showed a beneficial effect in the preventive acetamin-
ophen group, with patients requesting their first analgesic 12.48 mi-
nutes later (95% CI, 1.39-23.58 minutes) than the postincision

2225

group. Statistical heterogeneity was considerable (7 = 89%;
P < 0.001). There was also evidence of possible publication
bias (P = 0.04).

Pain Scores

Pain scores were lower in the preventive acetaminophen
group at 1 hour (Fig. 4), with an MD of —0.50 (95% CI, —0.98
to —0.02). There was evidence of considerable statistical heteroge-
neity (* = 76%; P = 0.001) and some evidence of publication bias
(P =10.1). At 2 hours (Fig. 5), there was also a reduction in pain
scores (MD, —0.34; 95% CI, —0.67 to —0.01), with evidence of
heterogeneity between studies (2 = 52%; P = 0.08). There was
also evidence of possible publication bias (P = 0.06). There were
no significant reductions at 4 hours (MD, —0.82; 95% CI, —1.73 to
0.10), 6 hours (MD, —0.02; 95% CI, —0.59 to 0.56), 12 hours
(MD, —0.16; 95% CI, —0.48 to 0.16), or 24 hours (MD, —0.14;
95% CI, —0.44 to 0.15).

Opioid Side Effects

Four studies®***?*2 reported the incidence of postoperative

nausea, and 5 studies reported the incidence of postoperative
vomiting.2>?%?*2% One study®® included both nausea and vomiting
requiring antiemetic treatment and was included in the vomiting
outcome. There was no significant difference in the risk of postop-
erative nausea, with an RR of 0.78 (95% CI, 0.43—1.41). There was
evidence of publication bias (P = 0.03). However, there was a
lower risk of postoperative vomiting (Fig. 6) in the preventive
group, with an RR of 0.50 (95% CI, 0.31-0.83) and an NNT of
11 (95% CI, 6.1-32.5) to prevent an episode of vomiting. There
was no statistical evidence of publication bias (P = 0.24). The
statistical heterogeneity for nausea and vomiting was 7 = 33%
(P=0.21) and P = 0% (P = 0.96), respectively. Two studies®*?? re-
ported postoperative pruritus, although one was not included in
the meta-analysis because no events occurred in either group.?
The RR was 0.32 (95% CI, 0.01-7.57).

DISCUSSION

This is the first meta-analysis to evaluate the role of preven-
tive acetaminophen in postoperative pain management. The re-
sults of this review demonstrate that preventive acetaminophen
results in lower postoperati i SCOr to 2 h toper-
atively. However, the clinical effect was small. In addition, a
moderate clinically significant reduction in 24-hour opioid con-
sumption was observed, with a delayed time to first analgesic re-
quest and a reduction in the incidence of postoperative vomiting.
However, reductions in 24-hour opioid consumption were depen-
dent on baseline group usage, with a larger consumption in the con-
trol group, predicting larger reductions in the preventive group.
Despite this early analgesic effect, preventive acetaminophen did
not reduce pain scores beyond the immediate postoperative period

Preventive Postincision Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arici 2009 2593 5.69 28 35.73 5.24 27 15.1% -1.76[-2.39,-1.14] —
Arslan 2013 60 76.5 100 103 858 100 19.5% -0.53[-0.81,-0.24] -
Ayogen 2008 2.83 0.86 40 2.66 0.83 40 17.7% 0.20 [-0.24, 0.64] ™
Khalili 2013 23 203 25 30 22.8 25  16.1% -0.32 [-0.88, 0.24] =T
Koteswara 2014 166 37.41 20 197 44.79 19 14.8% -0.74 [-1.39, -0.09] —
Toygar 2008 14.8 9.7 30 16.5 11.1 30 16.8% -0.16 [-0.67, 0.35] s
Total (95% CI) 243 241 100.0% -0.52 [-0.98, -0.06] <

Heterogeneity: Tau® = 0.26; Chi? = 27.63, df = 5 (P < 0.0001); I* = 82%
Test for overall effect: Z = 2.21 (P = 0.03)

FIGURE 3. Forest plot for 24-hour opioid consumption.
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Preventive Postincision
Study or Subgroup Mean SD Total Mean SD Total Weight
Arici 2009 23 1.2 28 2.45 1.2 27  17.7%
Arslan 2013 29 11 100 4 2.2 100 20.5%
Ayogen 2008 6.02 1.47 40 5.97 1.47 40 17.6%
Hassan 2014 2.4 03 30 2.5 0.4 30 25.0%
Koteswara 2014 25 1.2 20 36 1.9 19 12.0%
Toygar 2008 3.2 3 30 4.6 3 30 7.1%
Total (95% CI) 248 246 100.0%

-0.15 [-0.78, 0.48]
-1.10 [-1.58, -0.62]
0.05 [-0.59, 0.69]
-0.10 [-0.28, 0.08]
-1.10 [-2.10, -0.10]
-1.40 [-2.92, 0.12]

-0.50 [-0.98, -0.02]

—
o

-

o

p—

T |

4

Heterogeneity: Tau® = 0.23; Chi* = 20.49, df = 5 (P = 0.001); I* = 76%
Test for overall effect: Z = 2.06 (P = 0.04)

FIGURE 4. Forest plot for pain scores at 1 hour.

or reduce any other opioid-related side effects, although studies
may currently be underpowered for these outcomes.

Although investigations in animal models were originally
promising, the first review of the clinical evidence for preventive
analgesia was disappointing.'> A more recently published review
from 2005 has however shown a potential benefit of preventive
analgesia with NSAIDs, epidural anesthesia, and local anesthetic
wound infiltration."* Despite this, evidence for a potential role
for other perioperative agents such as acetaminophen and gaba-
pentinoids remains unclear.*® With the latest review, now nearly
a decade old, updated evidence may emerge on the role of other
agents capable of producing a preventive analgesic effect for post-
operative pain management. A simple change in clinical practice
such as a change in timing of perioperative acetaminophen ad-
ministration could have important implications for postoperative
pain management.

Preventive acetaminophen was found to reduce the risk of
postoperative vomiting. The RR for reductions in vomiting com-
pared well with traditional antiemetics such as cyclizine, dexa-
methasone, metoclopramide, and ondansetron.?’ The potential
mechanism may include a reduction in morphine consumption in
the preventive group. However, a meta-analysis of randomized con-
trolled trials examining perioperative acetaminophen in postopera-
tive nausea and vomiting found that reductions in nausea were
associated with reductions in pain scores rather than reductions in
morphine consumption.8 Other direct mechanisms may be in-
volved, such as reuptake of the cannabinoid agonist anandamide.®

Our results with regard to immediate postoperative pain relief
gained with preventive acetaminophen contradict the expected phar-
macokinetics of acetaminophen administration. As postincision
doses of intravenous acetaminophen were generally given at the
end of surgery, it would be expected that therapeutic concentrations
of acetaminophen given at this time were more likely in the first
2 hours postoperatively and last longer into the postoperative pe-
riod compared with the preventive acetaminophen group. With
specific regard to the pharmacokinetic properties of acetamino-
phen, peak plasma concentration is rapidly reached at infusion,
and with pain scores recorded 0 to 2 hours postoperatively and
the duration of surgery between 60 to 135 minutes, effect site

4 2 0 7 4
Favors preventive Favors postincision

concentrations of acetaminophen are more likely to be in the ther-
apeutic range in the postincision group. Furthermore, as the elim-

ination half-life of acetaminophen is 2 to 4 hours in adults,* any
dose of acetaminophen given before surgery would more likely

be subtherapeutic in the preventive group. Therefore, a potential
preventive analgesic effect is likely responsible for the lower pain
scores observed immediately postoperatively in the preventive group.

There are several limitations in this review. The major limita-
tion relates to the risk of bias in the included studies (Fig. 2). Only
2 studies described adequate allocation concealment, 4 described
adequate randomization, and 1 described adequate blinding of
outcome assessment. All have the potential to bias-effect esti-
mates in the preventive group.>® Second, although some outcomes
were statistically significant, only reductions in the incidence of
vomiting and, to a lesser extent, opioid consumption were clini-
cally significant. However, meta-regression demonstrated that a
higher control group opioid consumption predicted larger abso-
lute reductions in opioid consumption, suggesting that preventive
acetaminophen might be more effective in more painful proce-
dures, a finding consistent with previous research.*!=*? Only 1
study in the review had a 24-hour morphine usage more than
20 mg, which may influence the clinical significance of results
obtained. Third, surgical procedures were diverse, as were other
study characteristics, which may have contributed to statistical
and clinical heterogeneity.>> Heterogeneity, indirectness of evi-
dence, possible publication bias, and risk of bias downgrade the
GRADE strength of recommendation to very low quality.>* Fur-
thermore, the small number of included studies may currently
be underpowered for some dichotomous outcomes in relation to
opioid-related side effects and acetaminophen adverse events,
which were poorly reported.

The results of this review should be interpreted as prelimi-
nary and emphasize the need for further rigorously conducted

and reported randomized controlled trials examining preventive
versus postincision acetaminophen for postoperative pain. Future
trials should aim to address concerns over publication bias by
using prospective registration and attempt to address concerns
over internal validity by conducting rigorously designed and re-
ported studies. Furthermore, future studies should aim to use

Preventive Postincision Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI|
Arici 2009 1.25 1.6 28 23 16 27 11.1% -1.05[-1.90, -0.20]
Arslan 2013 3.7 2.2 100 3.7 1.9 100 18.5% 0.00 [-0.57, 0.57]
Hassan 2014 23 04 30 24 03 30 37.6% -0.10([-0.28, 0.08]
Koteswara 2014 25 06 20 3 09 19 22.0% -0.50[-0.98, -0.02] —
Toygar 2008 1.8 16 30 25 1.8 30 10.8% -0.70[-1.56, 0.16] L
Total (95% CI) 208 206 100.0% -0.34[-0.67, -0.01] &
Heterogeneity: Tau® = 0.07; Chi* = 8.30, df = 4 (P = 0.08); I’ = 52% _:4 _:2 3 |2 4

Test for overall effect: Z = 2.03 (P = 0.04)

FIGURE 5. Forest plot for pain scores at 2 hours.
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Preventive Acetaminophen

Preventive Postincision Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arici 2009 2 28 3 27 8.3% 0.64 [0.12, 3.55]
Arslan 2013 12 100 27 100 62.7% 0.44 [0.24, 0.83] ——
Hassan 2014 4 30 6 30 18.0% 0.67 [0.21, 2.13] S
Koteswara 2014 2 20 3 19 8.6% 0.63 [0.12, 3.38] — T
Toygar 2008 0 30 1 30 2.4% 0.33[0.01, 7.87]
Total (95% CI) 208 206 100.0% 0.50 [0.31, 0.83] <
Total events 20 40

toare 2 ¥ 12 -2 ! ] ] i
Heterogeneity: Tau® = 0.00; Chi* = 0.60, df = 4 (P = 0.96); I° = 0% o1 o1 10 100

Test for overall effect: Z = 2.73 (P = 0.006)

FIGURE 6. Forest plot for the incidence of postoperative vomiting.

preventive acetaminophen in more painful procedures to improve
the absolute effects. However, the evidence currently suggests a
potential role for preventive acetaminophen in reducing post-
operative pain scores, opioid consumption, and postoperative
vomiting. This is, to our knowledge, the first review to describe
a possible preventive analgesic effect of acetaminophen.
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Letters to the Editor

The Pharmacokinetics of
Preventive Acetaminophen

Accepted for publication: January 6, 2016.

To the Editor:
I read with great interest the systematic re-
view and meta-analysis on the efficacy of
preventive acetaminophen in the periopera-
tive period by Doleman and colleagues'
published in the November/December
2015 issue of Regional Anesthesia and
Pain Medicine. 1 commend the authors
for addressing the role of preventive acet-
aminophen use, which was previously
elucidated in a systematic review and meta-
analysis by Apfel and colleagues.” I was
slightly surprised when Doleman and
colleagues reported that their findings of
preventive acetaminophen on analgesia
postoperatively for surgical times ranging
from 60 to 135 minutes did not align with
the expected pharmacokinetics of acet-
aminophen. They had expected therapeutic
plasma levels to peak almost immediately
after intravenous acetaminophen, and that
the therapeutic effects of preventive acet-
aminophen would not be evident after 1 to
2 hours of surgery. [ humbly disagree.
Acetaminophen diffuses passively
across the blood—brain barrier to act cen-
trally. Singla and colleagues® conducted a
pharmacokinetic study assessing the ce-
rebrospinal fluid concentration of acet-
aminophen after intravenous, oral, and
rectal administrations of acetaminophen.

Their data suggest the effect-site C

for acetaminophen is reached 2 hours ager
¥lasma Cuax for acetaminophen is achieved
or all preparations of acetaminophen. In
other words, the effect-site T, for acet-

aminophen lags 2 hours behind the plasma

Tiax for acetaminophen. On the basis of
the aforementioned pharmacokinetic study,

the results reported by Doleman and col-
leagues correspond to the pharmacokinet-
ics of acetaminophen.

Amanda Jane Cheng Yee Yap, BSc, MBBS
Department of Anesthesiology

University of Vermont Medical Center
Burlington, VT

The author declares no conflict
of interest.
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Reply to Dr Yap
Accepted for publication: February 5, 2016.

To the Editor:
We thank Dr Yap' for her interest in our
article. The aim of our review was to
identify whether preventive acetaminophen
is more effective at reducing postoperative
pain when compared with postincision
acetaminophen.” As alluded to in her letter,
during the discussion we speculate on the
preventive effects of acetaminophen con-
cerning the pharmacokinetics of the drug.
The pharmacokinetics to which we were
referring were plasma concentrations,
which, using data from the study quoted
by Dr Yap,> would be consistent (median
Timax of 15 minutes). However, we agree
that cerebrospinal fluid (CSF) concentrations
lag behind plasma concentrations and that
using CSF pharmacokinetics to explain this
effect would not be consistent with our dis-
cussion. Despite this, using this as the basis
on which to base the clinical effects of acet-
aminophen may be flawed. We will high-
light these points hereafter.

First, although the median 7j,ax of in-
travenous acetaminophen in CSF was
2 hours in the cited study,® smaller concen-
trations of acetaminophen were detectable
much sooner and in much higher concentra-
tions when compared with oral administration.
Indeed, the Ciyay for oral acetaminophen (Tyax
4 hours) is reached via the intravenous route
within 1 hour.’ To assume clinical effects
occur only at 7i,,x would be misleading.
At present, to our knowledge, it is un-
known at what concentration the analgesic
effects of acetaminophen occur in relation
to CSF concentrations, although using expe-
rience from clinical practice we can assume
this would occur much sooner than the
Chnax- To illustrate using an example from
the literature, intravenous acetaminophen
was used in 1 randomized controlled trial
to reduce acute traumatic limb pain.* Clini-
cally significant reductions in mean visual an-
alog scale scores occurred 30 min: T
administration rather than the later time
point of 2 hours. Therefore, lower CSF
concentrations may produce clinical effects

before reaching the Ciax.

© 2016 American Society of Regional Anesthesia and Pain Medicine

Second, to focus solely on CSF con-
centrations as the basis on which to judge
clinical efficacy may neglect alternative
mechanisms of action of acetaminophen.
Although the most likely mechanisms of
action of acetaminophen are central (such
as central cyclooxygenase inhibition, sero-
tonergic, and cannabinoid pathways), pe-
ripheral inhibition of cyclooxygenase 2
may also be a potential mechanism of ac-
tion.> Therefore, plasma pharmacokinetics
may be relevant in the context of explaining
peripheral efficacy on the basis of Cpax
concentrations. So in regard to the points
made previously, as the clinical effects of
intravenous acetaminophen are observed
within 30 minutes, even if we assume that
preventive acetaminophen was therapeutic
in the early postoperative period, this may
not be sufficient to explain the lower pain
scores observed up to 2 hours postopera-
tively and the reduction in 24-hour opioid
consumption. At the very least, it is safe
to assume that postincision C,,, would oc-
cur later in the postoperative period when
compared with preventive administration
(for single-dose studies).

Ultimately, our review was aimed at
answering the clinical question: Is preven-
tive acetaminophen more effective than
postincision acetaminophen at reducing
pain and opioid consumption postopera-
tively, whatever the mechanism? We thank
Dr Yap for her contribution to the discus-
sion of the potential mechanisms for this,
which at this point remain speculative. Cer-
tainly, using the timings of CSF C,,, concen-
trations does correlate with our observed
pain score reductions, which may be the
subject of future research. However, we
hope our review will stimulate clinical re-
search in this area, which improves on the
flaws of those published previously.

Brett Doleman, MBBS(Hons), BSc(Hons)
David J. Read, BMBS
Jonathan N. Lund, DM

John P. Williams, PhD
University of Nottingham
Derby, United Kingdom
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Species Variation in Effects
of Intrathecal k-Opioid
Receptor Agonist on
Morphine-Induced Itch
and Antinociception
Accepted for publication: December 16, 2015.

To the Editor:

e read with great interest the article

by Sakakihara and colleagues,' enti-
tled “Effects of intrathecal k-opioid re-
ceptor agonist on morphine-induced itch
and antinociception in mice,” published in
Regional Anesthesia and Pain Medicine.
They describe the rationale of their study,
“Research suggested that systemically ad-
ministered Kk-opioid receptor (KOR) ago-
nists inhibit intrathecal morphine-induced
itch in primates. However, serious ad-
verse effects induced by systemically ad-
ministered KOR agonists may restrict their
usefulness in humans.” The authors demon-
strated that intrathecal KOR agonists exert
antipruritic effects on intrathecal morphine-
induced itch without affecting sedation,
and that combination of intrathecal mor-
phine and intrathecal KOR agonists pro-
duces more potent antinociceptive effects
against a thermal stimulus when compared
with morphine alone.

Nearly 3 decades ago, Pfeiffer and col-
leagues® suggested that agonism of the
KOR elicits dysphoric and psychotomi-
metic effects in humans. They reasoned that,
in humans, p agonists produce euphorigenic
actions which seem to be opposed to the
dysphoric effects of the k agonist (ie, the
endogenous opioid systems associated with
1 and K receptors may serve opposite func-
tions in processes affecting emotional and
perceptual experiences).” In the paper by
Pfeiffer et al, the psychotomimetic effects

414

which subjects experienced included racing
thoughts, feelings of body distortion, dis-
turbances in the perception of space and
time, abnormal visual experiences such as
moving lines or walls or color phenomena,
and uncontrolled laughter. We question
how, and if, such psychotomimetic experi-
ence is manifested in the murine model of
Sakakihara et al using intrathecal KOR ag-
onists along with intrathecal morphine.

Further, the antipruritic effect of k
agonists may involve peripheral KOR as
well.> u-Opioid receptor (MOR) and KOR
are expressed in the skin and central ner-
vous system (CNS).* p-Opioid receptor and
KOR mediate different effects. Activation
of MOR inhibits pain, whereas activation
of KOR inhibits itch.® k-Opioid receptors
participate in the pathophysiology of pruri-
tus not only by their expression in the CNS
but also by their presence in the skin.? Phan
and colleagues® suggested that the appli-
cation of KOR agonists as systemic, and
probably also topical, agents is a promising
therapeutic approach to chronic pruritus.
Despite many observations and treatments,
it is extremely difficult, if not impossible,
to differentiate peripheral KOR effects
from activity within the CNS.®> Phan and
colleagues* further suggested that pruritus
might arise from an imbalance of the MOR
and KOR system activity in either the skin
or CNS.

We previously encountered a case of
intractable itching in a 56-year-old woman,
being treated for failed back surgery syn-
drome, while undergoing an outpatient epi-
dural hydromorphone infusion trial.® Our
patient had been taking longstanding oxy-
codone extended-release 40 mg twice a
day, before her epidural infusion trial, with-
out experiencing any itching, nor did she
experience any itching with oral methadone
at 20 mg twice a day after the hydromor-
phone epidural infusion trial. Yet, she expe-
rienced intractable pruritus while receiving
a minimal dose of hydromorphone epidural
infusion (0.72 mg daily during a 7-day
trial).® We performed a focused literature
review and hypothesized that the centrally
located MOR plays a major role in opioid-
induced pruritus, whereas k-opioid activity
antagonizes opioid-induced pruritus.

Because psychotomimetic effects are
centrally mediated, one would intuit that
central KOR plays a most dominant role,
if not an exclusive one. In this regard, in-
trathecal k agonist infusion in humans
may potentially (at least in theory) lead
to dysphoric and psychotomimetic ef-
fects. Thus, we question the clinical utility
of centrally administering k-receptor ago-
nist in humans. However, the work of
Sakakihara et al showing improved anal-
gesia and reduced itching in mice, when

intrathecal KOR agonists and morphine
(MOR agonists) are coadministered is not
only enlightening but also deserving of
further investigation.

Xiulu Ruan, MD

Department of Anesthesiology
Louisiana State University Health
Science Center

New Orleans, LA

Gary W. Bumgarner, PhD
McWhorter School of Pharmacy
Samford University
Birmingham, AL

Alan David Kaye, MD, PhD
Department of Anesthesiology
Louisiana State University
Health Science Center

New Orleans, LA
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To the Editor:
e thank Ruan et al' for their great in-
terest in our study, which demon-
strated the effects of an intrathecal k-opioid
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