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ABSTRACT

Background: The value of intravenous acetaminophen in postoperative pain management remains debated. The authors tested the
hypothesis that intravenous acetaminophen use, in isolation and in comparison to oral, would be associated with decreased opioid
utilization (clinically significant reduction defined as 25%) and opioid-related adverse effects in open colectomy patients.
Methods: Using national claims data from open colectomy patients (Premier Healthcare Database, Premier Healthcare Solu-
tions, Inc., USA; 2011 to 2016; n = 181,640; 602 hospitals), we separately categorized oral and intravenous acetaminophen
use: 1 (1,000 mg) or more than 1 dose on the day of surgery, postoperative day 1, or later. Multilevel models measured asso-
ciations between intravenous or oral acetaminophen and (1) opioid utilization and (2) opioid-related adverse effects. Percent
change and multiplicity-adjusted 99.5% CI are reported.

Results: Overall, 25.1% of patients received intravenous acetaminophen, of whom 48.0% (n = 21,878) received 1 dose on the
day of surgery. In adjusted analyses, particularly more than 1 dose of intravenous acetaminophen (versus nonuse) on postoperative
day 1 was associated with a ~12.4% (99.5% CI, -15.2 to -9.4%) change in opioid utilization. In comparison, a stronger reduc-
tion was seen in those receiving more than 1 oral acetaminophen dose: -22.6% (99.5% CI, -26.2 to ~18.9%). Unadjusted group
medians were 550 and 490 oral morphine equivalents, respectively. Intravenous versus oral differences were less pronounced
among those receiving more than 1 acetaminophen dose on the day of surgery: -8.0% (99.5% CI, -11.0 to -4.9%) median 499
oral morphine equivalents versus -8.7% (99.5% CI, -14.4 to -2.7%) median 445 oral morphine equivalents, respectively; all
statistically significant, but none clinically significant. Comparable outcome patterns existed for opioid-related adverse effects.

Conclusions: The demonstrated marginal effects do not support routine use of intravenous acetaminophen given alternative
nonopioid analgesic options.

Visual Abstract: An online visual overview is available for this article at http://links.lww.com/ALN/B752. (ANESTHESIOLOGY
2018; 129:77-88)

ESPITE numerous advances in pain management, . i
.. . P g . What We Already Know about This Topic
opioids remain the cornerstone of postoperative pain
control.! However, increasing evidence supports a mul- * Nonopioid analgesics are being used perioperatively with the goal
timodal approach consisting o f the simultancous admin- of decreasing opioid utilization in patients undergoing colectomies

. . £ loesi ith diff e |t is unclear whether intravenous acetaminophen is associated
Istration of two or more analgesic agents with ditterent with decreased opioid utilization or resource utilization in real-

mechanisms of action, with the intent of reducing opioid world practice

utilization and opioid-related adverse effects.”® To this end, What This Article Tells Us That Is New
enhanced recovery pathways have adopted multimodal
analgesia as a means to faster recovery and a shorter length
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e A minority of open colectomy patients receive intravenous
acetaminophen, which is mostly used as a single-dose
of hospital stay.* administration on the day of surgery

Nonopioid alternatives include cyclooxygenase-2 inhibi- ® A variety of intravenous acetaminophen dosing regimens
tors, other nonsteroidal antiinflammatory drugs (NSAIDs) were not observed to decrease opioid utilization to a clinically
? T > significant threshold
and gabapentinoids, among others.”> Approved for the U.S.
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market in 2010, IV acetaminophen is one relatively new option
in multimodal analgesia. Despite its approval, no clear indica-
tion exists for preferential prescribing of IV acetaminophen
over the oral formulation among patients who can tolerate the
oral medication.’ Therefore, despite its rapid uptake into clini-
cal practice, discussion remains on the value of IV acetamino-
phen in postoperative pain management, especially given its
high price relative to the oral formulation, as well as to other
nonopioid analgesics.® Moreover, small and controlled studies
assessing the impact of IV acetaminophen (compared to either
placebo or other analgesics) on postoperative pain management
demonstrate equivocal results necessitating a large-scale, real-
world assessment.” ' Open colectomies, with their high opioid
use and the resulting emphasis on enhanced recovery pathways,
provide a unique opportunity to examine the real-world impact
of IV acetaminophen.!" Therefore, using data from a large
national claims database on open colectomy patients, we tested
the hypothesis that IV acetaminophen use, in isolation and in
comparison to oral, would be associated with decreased opioid
utilization (clinically significant reduction defined as 25%) and
opioid-related adverse effects. A threshold of 25% reduction in
opioid utilization for clinical (not statistical) significance was
based on the known dose—response relationship between mor-
phine and opioid-related adverse effects.'?

Materials and Methods

Data Source and Study Design

This retrospective cohort study was approved by the Mount
Sinai Hospital Institutional Review Board (New York, New
York; project No. 14-00647). We used data from the Premier
Healthcare Database (Premier Healthcare Solutions, Inc.,
USA). This all-payer database contains data on nationwide
hospitalizations including International Classification of Dis-
eases, Ninth Revision, Clinical Modification codes, Current

Procedural Terminology codes, as well as billed items. 1314

Study Sample
The study sample included patients from January 2011 to
December 2016 who underwent an open colectomy, including
a right or left hemicolectomy, resection of the transverse colon,
a sigmoidectomy, or other, as indicated by International Clas-
sification of Diseases, Ninth Revision, Clinical Modification
procedure codes 45.7X, 45.82, and 45.83, and received at least
one of the seven most commonly prescribed opioids (fentanyl,
hydrocodone, hydromorphone, meperidine, morphine, pro-
poxyphene, and oxycodone).!® Patients were excluded if they
had an unknown sex or discharge status (n = 330), underwent
a procedure not categorized as elective, urgent, or emergent (n
= 2,837), were classified as outpatient (n = 255), had an opioid
utilization greater than 95th percentile (to exclude outliers, n =
9,137), or were treated at a hospital performing less than 30 col-
ectomies (to ensure sufficient sample size per cluster, n = 851).1¢
We did not perform an a priori sample-size calculation
given the sheer size of the database. On the basis of an
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estimated opioid utilization of 500 oral morphine equiva-
lents,'”” we had greater than 99% power to detect a 25%
relative difference in opioid utilization between those that
received IV acetaminophen and those that did not.

Study Variables

The main effect of interest was the use of IV acetaminophen,
categorized into 1 (1,000 mg) or more than 1 dose. This was
assessed separately on the day of surgery, postoperative day 1,
or on postoperative day 2 or later, representing three separate
variables. The same categorization was used for oral acetamin-
ophen separately. The primary outcome of interest, specified 2
priori, was opioid utilization over the entire hospital stay. Sec-
ondary outcomes included adverse events generally associated
with opioids (opioid-related adverse effects) and length and
cost of hospitalization. Opioid utilization was based on bill-
ing (not administration) for opioids; all separate opioid orders
for each hospitalization were summed and converted into oral
morphine equivalents by the Lexicomp (USA) “opioid ago-
nist conversion”'® and the GlobalRPH “opioid analgesic con-
verter.”!” Opioid-related adverse effects were categorized into
respiratory, gastrointestinal (with ileus separated), central ner-
vous system, genitourinary, and “other” (appendix 1 has a full
list of International Classification of Diseases, Ninth Revision,
codes)."” In addition, we used billing for intravenous naloxone
as a marker for an opioid-related complication.

Patient demographic variables included age, sex, and race
or ethnicity (white, black, Hispanic, other). Healthcare-related
variables were insurance type (commercial, Medicaid, Medi-
care, uninsured, other), hospital location (urban, rural), hos-
pital size (less than 300, 300 to 499, greater than or equal to
500 beds), hospital teaching status, and the annual number
of open colectomies performed per hospital. Procedure-related
variables included the admission type (elective, urgent, or
emergent), indication for surgery (neoplasm, diverticular dis-
ease, inflammatory bowel disease, other), type of surgery (right
hemicolectomy, left hemicolectomy, resection of transverse
colon, sigmoidectomy, other), and year of procedure. Anesthe-
sia- or analgesia-related variables captured the use of general
or general and neuraxial anesthesia, patient-controlled anal-
gesia (defined by billing items), and nonopioid analgesics (IV
and oral acetaminophen, gabapentin or pregabalin, NSAIDs,
cyclooxygenase-2 inhibitors, and ketamine). Overall comor-
bidity burden was assessed with the Quan adaptation of the
Charlson comorbidity index.?® Considering their association
with perioperative opioid utilization, we also included variables
indicating substance use or abuse (including smoking), chronic
pain conditions, psychiatric comorbidity variables, and preop-
erative opioid misuse defined by International Classification of
Diseases, Ninth Revision, codes, as previously reported.>*!

Statistical Analysis

First, unadjusted associations between IV acetaminophen
use and the study variables and outcomes were assessed with
chi-square and Student’s # tests for categorical and continuous
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variables, respectively. In addition, annual patterns in unad-
justed median per-patient opioid utilization were assessed
before and after the introduction of IV acetaminophen to the
U.S. market, as well as the interhospital variation in the utiliza-
tion of IV acetaminophen. Multilevel, multivariable regression
models measured associations between the use of IV acetamin-
ophen and (1) opioid utilization, measured in oral morphine
equivalents, as well as length and cost of hospital stay, and (2)
opioid-related adverse effects. Effect estimates were then com-
pared to those for the use of oral acetaminophen.

Models included a random intercept term that varies
at the level of each hospital, accounting for correlation of
patients within hospitals. Models were adjusted with all
variables found statistically significant at the P < 0.15 level
from the univariable tests and deemed clinically important.
We report adjusted odds ratios and Bonferroni-adjusted CI
(for 10 outcomes, 99.5% CI), recognizing an increased like-
lihood of type II errors.?? Effect estimates for continuous
outcomes are reported as percent change (compared to the
reference). For all models we used the PROC GLIMMIX
feature in SAS version 9.4 statistical software (SAS Institute,
USA); for opioid utilization, cost of hospitalization, and
length of hospital stay, the gamma distribution with a log
link function was applied as these variables are skewed.?>?*

Sensitivity Analyses

To assess robustness of our results, we performed two sensi-
tivity analyses. In the first, we compared the effect estimates
for IV acetaminophen use to estimates from a control non-
opioid analgesic, NSAIDs, as we would theoretically expect
both to be associated with decreased opioid utilization. The
second sensitivity analysis addressed the potential for con-
founding by indication, i.e., IV acetaminophen use in those
patients with more pain, thus requiring more opioids. Here,
we restricted our cohort to hospitals with IV acetaminophen
used in at least 50% of patients, under the assumption that
hospitals with a high IV acetaminophen use did so as part of
standard postoperative pain protocols and, thus, would be
less susceptible to indication bias.

A Priori versus Post Hoc

During the peer-review process the following adjustments
were made to our initial analyses. Added to our cohort were
patients without billing for opioids (n = 8,049) and patients
undergoing open colectomies in 2015 or 2016 (n = 59,905;
due to the availability of more recent data). Covariates added
to the model included the use of oral acetaminophen and a
variable indicating preoperative misuse of opioids, as previ-
ously defined.?! These amendments did not change our main
results.

Results

The final study cohort consisted of 181,640 patients under-
going an open colectomy at 602 hospitals between January
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2011 and December 2016. Table 1 provides the breakdown
of IV acetaminophen use by all covariates. Overall, 25.1% (n
= 45,622) of patients received IV acetaminophen, of whom
48.0% (n = 21,878) received only 1 dose and 30.2% (n =
13,790) received more than 1 dose on the day of surgery,
while 12.0% (n = 5,480) received 1 dose and 38.0% (n =
17,348) received more than 1 dose on postoperative day 1.
On postoperative day 2 or later, 9.8% (n = 4,478) received
only 1 dose while 33.5% (n = 15,283) received more than 1
dose. The majority of variables investigated were (statistically)
significantly associated with IV acetaminophen utilization.
Specifically, the use of IV acetaminophen was associated with
higher use of other nonopioid analgesics. Moreover, patients
receiving IV acetaminophen had a lower Charlson comorbid-
ity index than patients not receiving IV acetaminophen.

Figure 1 shows substantial interhospital variation in IV
acetaminophen utilization, with a median of 15.6% and
interquartile range of 0.7 to 37.2% of colectomy patients
receiving IV acetaminophen. Table 2 depicts unadjusted
prevalence and median values of outcome variables by IV
and oral acetaminophen use. Among patients receiving IV
acetaminophen, the lowest unadjusted opioid utilization and
hospitalization cost was seen in patients receiving more than
1 dose on the day of surgery: median 499 oral morphine
equivalents over the entire hospitalization and $17,856,
respectively; these unadjusted numbers were 488 oral mor-
phine equivalents and $20,447, respectively, for patients
that did not receive IV acetaminophen. This coincided with
lower (compared to those not receiving IV acetaminophen)
unadjusted prevalences of almost all opioid-related adverse
effects, particularly among those receiving more than 1 IV
acetaminophen dose on the day of surgery. Comparable pat-
terns emerged for oral acetaminophen use categories.

Figure 2 tracks patterns of unadjusted annual per-patient
median opioid utilization (in oral morphine equivalents)
while stratifying by IV acetaminophen dose and day of uti-
lization after its introduction to the U.S. market; only the
line representing more than 1 dose IV acetaminophen use on
the day of surgery mostly stays at or below the “no IV acet-
aminophen” line, suggesting that, without any adjustment
for covariates (which could reverse the direction of effects
based on covariate distributions), these patients receive the
least amount of opioids (among those receiving IV acet-
aminophen), reflecting the findings from table 2.

Table 3 shows outcomes from the multivariable models
separating out effect estimates for IV and oral acetaminophen
utilization categories. Full P values and effect estimates for
all covariates in the multivariable models are provided in the
Supplemental Digital Content (tables A and B, respectively;
htep://links.lww.com/ALN/B694). None of the adjusted
effects for opioid utilization crossed the -25% threshold we
prespecified as indicative of clinical significance. For IV acet-
aminophen use, the strongest adjusted reductions in opioid
utilization (compared to no IV acetaminophen use) were
seen with use of more than 1 dose of IV acetaminophen on
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Table 1. Patient Demographics and Healthcare-related, Procedure-related, Anesthesia- or Analgesia-related, and Comorbidity
Variables by IV Acetaminophen Use

Use of IV Acetaminophen

Yes (n = 45,622) No (n = 136,018)
n % n % P Value**
Patient demographics
Age* 64 53-74 66 55-76 < 0.0001
Sex 0.6385
Female 24,810 54.4 74,141 54.5
Male 20,812 45.6 61,877 45.5 o
Race <0.0001 g
White 35,287 77.3 101,889 74.9 3
Black 4,350 9.5 14,593 10.7 g
Hispanic 6 0.0 347 03 E
Other 5,979 13.1 19,189 14.1 Z
Healthcare-related variables §
Insurance type < 0.0001 §
Commercial 16,192 35.5 40,466 29.8 B
Medicaid 3,640 8.0 10,922 8.0 Qa:,
Medicare 22,970 50.3 75,232 55.3 g
Uninsured 1,748 3.8 5,656 4.2 3
Other 1,072 2.4 3,742 2.8 g
Hospital location < 0.0001 3
Rural 4,441 9.7 16,843 12.4 g—
Urban 41,181 90.3 119,175 87.6 5
Hospital size <0.0001 g
Small (< 300 beds) 13,666 30.0 53,545 39.4 g
Medium (300-499 beds) 15,487 33.9 46,028 33.8 §
Large (= 500 beds) 16,469 36.1 36,445 26.8 3
Hospital teaching status < 0.0001 3
Nonteaching 23,342 51.2 82,877 60.9 §
Teaching 22,280 48.8 53,141 39.1 §
Annual no. of colectomies per hospital* 105 69-152 89 55-131 < 0.0001 2
Procedure-related variables S
Admission type < 0.0001 ‘g
Elective 22,443 49.2 78,032 57.4 S
Urgent or emergency 23,179 50.8 57,986 42.6 {E
Indication for colectomy*** g
Neoplasm 12,140 26.6 35,885 26.4 0.3405 2
Diverticular disease 11,790 25.8 33,705 24.8 < 0.0001 2
Inflammatory bowel disease 13,852 30.4 38,216 28.1 < 0.0001 g
Other 19,977 43.8 63,023 46.3 < 0.0001 =
Type of procedure** g
Right hemicolectomy 13,718 30.1 42,885 315 < 0.0001 g
Left hemicolectomy 4,564 10.0 15,407 11.3 < 0.0001
Resection of transverse colon 2,361 5.2 7,590 5.6 0.0010
Sigmoidectomy 14,757 32.3 44171 32.5 0.6129
Other 11,532 25.3 30,014 221 < 0.0001
Year of procedure < 0.0001
2011 1,099 2.4 28,771 21.2
2012 4,751 10.4 26,294 19.3
2013 8,684 19.0 22,055 16.2
2014 9,928 21.8 20,153 14.8
2015 10,128 22.2 20,379 15.0
2016 11,032 24.2 18,366 13.5
(Continued)
Anesthesiology 2018; 129:77-88 80 Wasserman et al.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



PERIOPERATIVE MEDICINE

Table 1. Continued

Use of IV Acetaminophen

Yes (n = 45,622) No (n = 136,018)
n % n % P Value™
Anesthesia and analgesia
Type of anesthesia < 0.0001
General 38,088 83.5 112,133 82.4
General and neuraxial 1,319 2.9 3,664 2.7
Unknown or other 6,215 13.6 20,221 14.9
Use of patient-controlled analgesia 11,547 253 26,659 19.6 < 0.0001 o
IV acetaminophen administration, day and %
doses™* g
Day of surgery, 1 dose 21,878 48.0 - - §
Day of surgery, > 1 dose 13,790 30.2 — — §
Postoperative day 1, 1 dose 5,480 12.0 - - Ed
Postoperative day 1, > 1 dose 17,348 38.0 - - :‘%
Postoperative day 1+, 1 dose 4,478 9.8 — - &
Postoperative day 1+, > 1 dose 15,283 33.5 - - %
Oral acetaminophen administration, day and =
doses*™* g
Day of surgery, 1 dose 1,746 3.8 6,123 4.5 < 0.0001 §
Day of surgery, > 1 dose 411 0.9 1,971 1.4 g
Postoperative day 1, 1 dose 1,713 3.8 6,034 4.4 < 0.0001 %
Postoperative day 1, > 1 dose 1,263 2.8 3,648 2.7 o
Postoperative day > 2, 1 dose 4,116 9.0 13,218 9.7 < 0.0001 é
Postoperative day > 2, > 1 dose 8,122 17.8 19,115 14.1 §
Gabapentin or pregabalin f,
Day of surgery 2,283 5.0 4,495 3.3 < 0.0001 %
Postoperative day 1 and > 2 3,210 7.0 6,952 5.1 < 0.0001 3
NSAIDs 3
Day of surgery 10,598 23.2 21,637 15.9 < 0.0001 §
Postoperative day 1 and > 2 15,744 34.5 33,359 24.5 < 0.0001 §
Cyclooxygenase-2 inhibitors 2
Day of surgery 616 1.4 970 0.7 < 0.0001 g
Postoperative day 1 and > 2 360 0.8 805 0.6 < 0.0001 ‘,Z
Ketamine 8
Day of surgery 2,158 4.7 3,511 2.6 < 0.0001 §
Postoperative day 1 and > 2 536 1.2 1,037 0.8 < 0.0001 >
Comorbidities P
Charlson comorbidity index < 0.0001 ]
0 19,215 421 51,5672 37.9 i
1 5,232 11.5 17,066 12.5 =
2 9,096 19.9 25,797 19.0 ?i:
>2 12,079 26.5 41,583 30.6 S
History of substance use or abuse 7,829 17.2 25,609 18.8 < 0.0001 =
Chronic pain conditions 20,556 45.1 59,589 43.8 < 0.0001
Psychiatric comorbidities 9,230 20.2 28,390 20.9 0.0035
Opioid use disorder 254 0.6 741 0.5 0.7644

*Continuous variable median and interquartile range instead of n and %, respectively. **Chi-square test for categorical variables; Student’s t test for continu-
ous variables. ***Overlap between categories.

IV = intravenous; NSAID = nonsteroidal antiinflammatory drug.

the day of surgery (-8.0%; 99.5% CI, -11.0 to -4.9%) and ~ decreased among patients receiving more than 1 dose of
postoperative day 1 (-12.4%; 99.5% CI, -15.2 to -9.4%), IV acetaminophen on postoperative day 1. However, effect
both P < 0.0001. This coincided with statistically significant ~ estimates for oral acetaminophen (table 3, lower halfj showed
reductions in length and cost of hospitalization, while odds ~ stronger reductions in outcomes, particularly in those using
for some opioid-related adverse effects were particularly ~ more than 1 dose on postoperative day 1 (-22.6% change

Anesthesiology 2018; 129:77-88 81 Wasserman et al.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



100%

IV Acetaminophen and Outcomes in Open Colectomies

90%

80%

70%

60%

50%

Median: 15.6%

Percentage intravenous acetaminophen use

40% Interquartile range: 0.7-37.2%
|
30% ‘
20% + H |: HH Hd
‘ |
I ‘ |
IO% - 4 4 4
‘ ‘
| |
- I [ ‘ L
A st B~ T B el ol S B B el S =2 4 Bl Sl B =S 0 e gt B T o B S ot B =00 T B St L~ 2 L0 B B
S B o o S o B T B T B T = = o N v NN

Individual hospitals

Fig. 1. Hospital variation in intravenous acetaminophen utilization among patients undergoing open colectomies.

in opioid utilization; 99.5% CI, -26.2 to -18.9%), while a
more equivalent pattern was seen for oral acetaminophen use
on the day of surgery (-8.7% change in opioid utilization;
99.5% CI, -14.4 to -2.7%); all P < 0.0001. Similar patterns
extended to opioid-related adverse effects.

Interestingly, IV and oral acetaminophen use on postoper-
ative day 2 or later was associated with up to +33.7% (99.5%
CIL, +29.8 to +37.7%; P < 0.0001) change in opioid utiliza-
tion with higher statistically significant odds for opioid-related
adverse effects, suggesting that IV and oral acetaminophen
beyond postoperative day 1 may be selectively used in some
patients with more pain, thus requiring more opioids.

Table 4 describes the association between a control non-
opioid analgesic (NSAIDs) and outcomes. Compared to IV
acetaminophen, the use of NSAIDs on the day of surgery
showed a more consistent pattern of reduced opioid utili-
zation paired with lower odds for opioid-related adverse
effects. NSAID use beyond the day of surgery was associated
with 5.4% increased opioid utilization with mainly higher
odds for opioid-related adverse effects.

In the second sensitivity analysis (appendix 2), we
restricted the cohort to only hospitals with at least 50% IV
acetaminophen use (cohort size n = 32,855; 82 hospitals).
For opioid utilization, the same pattern emerged, with more
than 1 dose of IV acetaminophen on the day of surgery and
postoperative day 1 associated with -10.1% (99.5% CI,
-13.1 to -7.0%) and -10.8% (99.5% CI, -13.8 to -7.8%)
opioid utilization, respectively, while IV acetaminophen use
beyond postoperative day 1 was associated with up to +38.3%
(99.5% ClI, +34.2 to +42.6%) change in opioid utilization;
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all P < 0.0001. For oral acetaminophen, however, stronger
effects were seen for use of more than 1 dose on postoperative

day 1: -26.4% (99.5% CI, -33.7 to -18.3%), P < 0.0001.

Discussion

Our data from 181,640 patients undergoing open colecto-
mies revealed that IV acetaminophen was used in a minority
(25.1%) of patients, of which nearly half (48.0%, n = 21,878)
received only 1 dose on the day of surgery. In addition, IV acet-
aminophen use was not associated with clinically significant
reductions in opioid udlization, prespecified as a minimum
reduction of 25%.!2 However, it did coincide with reductions
in length and cost of hospitalization along with some reduction
in opioid-related adverse effects. Crucially, oral acetaminophen
demonstrated more pronounced reductions in opioid utiliza-
tion than IV acetaminophen in those using more than 1 dose
of acetaminophen on postoperative day 1. Oral acetaminophen
was associated with a 22.6% decrease while IV acetaminophen
only demonstrated a 12.4% decrease. Day of surgery use of
more than 1 dose of oral acetaminophen (8.7% decrease) was
clinically and statistically indistinguishable from IV acetamino-
phen (8.0% decrease). Thus, while IV acetaminophen may be
beneficial in some patients on the day of surgery, oral acetamin-
ophen showed clear superiority over IV acetaminophen when
used on postoperative day 1. Use of IV and oral acetaminophen
beyond postoperative day 1 was associated with increased opioid
utilization and opioid-related adverse effects, possibly reflecting
a group of patients with more pain who required more opioids
in addition to IV acetaminophen. The main findings persisted
in sensitivity analyses.

‘Wasserman et al.

#202 UdJe|N 0Z uo 1senb Aq ypd'g8L000-0 002081 02/27S98€E/LLILI6T | /Ppd-ajoiue/ABojoisayisaue/woo IleydIaA|is Zese/:djy wolj papeojumoq

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



IOPERATIVE MEDICINE

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/129/1/77/386542/20180700_0-00018.pdf by guest on 20 March 2024

‘'SNOUBARIIUI = A|

-osn onnadelsy} Yum sjoaye asieape Buisnes sbnip,, 4o ‘pag wody |[e) ‘Buiyoyl 4o ysed ‘eipieoApeiq aalrelssdolsod sepnjoul Joyl0,,.
‘uonezijendsoy aIiuse sy JeAo uoniezijin ploido jussaides suseainbs suiydiow (B0

0'%) 880°t
2) 152
0°9) 1SE°L
Y evLE
(0°g2) 2189

(
(8
(
(

(c2) 685
(6c1) v6L°€

(¥66'L7$-9vE'9L$)
126'92$
61-2) 1

(S1e1-282) 829

(e2) 2se
(8'01) 659t

(L06°6€$-901'91$)
eve'ves

(S1-9) 6

(oev1-Sze) 90,

(9°¢) 229
(92) 257
(v) ¥92
(62) 105
(1'ze) 8e8'e

(12) 1oe
(9z1) 98l

(0ot'6€$-70L'GL$)
806°c2$
(91-9) 01

(9211-892) 625

(21 sz
(sz1) 095

(rse'6e$-2cLL'GLS)
62£c2$
(S1-9) 6

(Soe1-822) 029

(62 o7
(21) v8
(9¢) 9zt
(51 e
(c61) 2v6

(21) 18
(99 ele

(829'72$-265°11$)
802'91$
(o1-v 9

(S¥01-£02) 067

(rL€'62$-€96°EH$)
€0S'61$

(L-9) 2

(21 11-€92) 0SS

(7€) v92
(02 451
(0'v) 90¢
(52) 061
)

(2'61) 625+

(21 1€l
(26) 152

(810°2e$-€€0cL$)
6L2'6L$
(c1-9) 8

(0201-5€2) 025

(9°21) ¥96

(8°1) 96
(1'01) 2gs

(rLv'2e$-s61'cL9)
9£6'61$

(1-9) 2

(SLL1-0v2) 0LS

(8°1) ev
(CaAR-IAY

(cev'62$-9¢221$)
29e°/1$
(e1-v) 2

(og01-221) Sty

(0¢) 8ty
(2°1) 82
(1'v) 09g
(8°1) 152
(2'91) soe‘g

(9°1) gee
(99) 222

(ev.'9e$-626'219)
9G68°/1$

1) 2

(8€01-€v2) 66V

2 8le
2 /81
v)6LE
vmwr
)

(2°1) eel
(201 2p8

(re1'ves$-282c1$)
£2.02$
(¥1-9) 8

(651 1-0¥2) €95

(92 028
(8°1) g8¢
(9¢) 882
(8°1) 28¢
(s81) 9v0'v

(2°1) 99¢
(7°9) yorL

(969°22$-190°€ 1)
09v'8+$

(11-9) 2

(2901-022) £vS

(2¢) 6E6°L
(92 9g'L
(9Ov) 1282
(¥e) 1LL'L
(0e2) c00°2H

(1'2) 520k
(8°21) 1999

(rS0'0€$-66L€LS)
/8L'61$
(c1-9) 2

(c66-012) G211

(0¢) v20'v
(72 see'e
(2°€) 900°G
(52 9er'e
(002) 6EL L2

(2°1) 2og‘e
(€LY LIp'GL

(025'e€$-059°€ 1$)
Ly¥'0c$

(c1-9) 8

(oco1-012) 88%

BUOXO[eU JO 8sn
A9U10
Areuunoyusn)
wialsAs snoAJaU [eJua)
sna|
(snaj1 Buipn|oxa)
[BUI}S81UI0IISEY)
Aiojeadsay
(%) u ‘s1oeye
asJanpe pajeai-pioldo

uonezijeydsoy Jo 31509
Aeis [eudsoy jo yibue
sjus|eAinba
aulydiow IO
(eBued
a[ipenbiaiul) ueipaw
‘S9W09}1N0 SnonuiuoD
usydoujwe}ade [eJo O 8sN
SUOXO[eN
9410
Areunnojusn
wia1sAs snoaJsu [eua)
sna||
(snaj1 Buipn|oxa)
|eunsaluloisen)
Aiojesidsey
(%) u ‘s1oaya
asJanpe paje|al-ploldo

uolezijeydsoy Jo 1s0)
Aeis [eudsoy jo yibue
sjuajeninba
aulydiow 10
(ebueu
alipenbJaiul) uelpaw
‘S8W09IN0 SnoNuluoy
usydoujwe}ade /\| Jo 8sn

esoq | <

esoq |

esoq | <

esoq |

esoq | <

esoq |

2 < Req aniesedoisod

| Aeq anneladoisod

Aisbung jo Aeq

usydouiweleoy
Al ON

as (UemoT) usydoulwelsdy [esQ 4o (Jeddn) usydoujweledy Al Ag sswoonQ paisnipeun g ajqeL

Wasserman et al.

83

Anesthesiology 2018; 129:77-88

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



850

800 y
@sNo [V Acetaminophen

=Day of Surgery, 1 dose

-3
h
(=]

=Day of Surgery, >1 dose

-
(=3
=

=Postoperative Day I, | dose

=
'y
=1

—Postoperative Day 1, >1 dose

«Postoperative Day =2, | dose

=)
=1
=

=Postoperative Day >2, > | dose

w
g
(=1

Median Per-Patient Oral Morphine Equivalents (mg)
w
(=1
=1

£
w0
(=]

400
2006

2007

2008 2009 2010

2011 2012

IV Acetaminophen and Outcomes in Open Colectomies

2013 2014 2015 2016

Fig. 2. Patterns in unadjusted median per-patient opioid utilization (in oral morphine equivalents), stratified by intravenous (IV)

acetaminophen use based on dose and day of use.

While the use of IV acetaminophen appears to be increas-
ing over time, a distinct minority of patients in our cohort
received any IV acetaminophen. This may be explained, in
part, by the vast interhospital variability of use of any multi-
modal analgesia therapy, which is also supported by figure 1.
Furthermore, Ladha ez a/. showed that utilization of postsur-
gical multimodal therapy ranged from 43 to 99%, even after
adjustment for relevant characteristics.” They concluded that
the use of multimodal therapy is mainly based on nonmedi-
cal and institution-specific factors, including local hospital
culture and individual physician preference, independent of
patient or hospital characteristics. Indeed, our results dem-
onstrate that among patients who received IV acetamino-
phen, 48.0% received only 1 dose on the day of surgery.
While this may be due to institutional protocols, 1 dose of
IV acetaminophen is not likely to result in a clinically rel-
evant reduction of opioid utilization in patients undergoing
open colectomies.

In this study we were able to indirectly compare IV to
oral acetaminophen and found stronger improvements
in outcomes for oral acetaminophen. These results do not
directly support routine use of IV (over oral) acetaminophen
and will add to the current discussion on the value of the
intravenous over the oral formulation, especially given the
substantial difference in average wholesale price ($45.02
per IV acetaminophen vial compared to well below $1 for
oral acetaminophen?), even with existing hospital-specific
rebates. In addition to the pricing discussion, a variety of
studies have assessed the value of IV acetaminophen; how-
ever, studies greatly differ regarding choice of control groups,
which vary from placebo to oral acetaminophen and other
(nonopioid) analgesics.>® Some small studies have indeed

Anesthesiology 2018; 129:77-88
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shown the effectiveness of IV acetaminophen in controlling
postsurgical pain in various surgical settings; however, the
ability of IV acetaminophen to reduce opioid utilization
remains unclear.”!® A 2016 Cochrane review of 75 stud-
ies comparing single-dose IV acetaminophen to a placebo
found a 26% reduction in opioid utilization over 4h (and
16% reduction over 6 h); however, this did not translate into
a clinically meaningful reduction in opioid-related adverse
effects.’

While IV acetaminophen is relatively new in the U.S.
setting, a large number of studies have been conducted in
Europe, where IV acetaminophen has been available since
the early 2000s.2° However, these are largely controlled tri-
als, which may not adequately capture the effects of IV acet-
aminophen in a real-world setting, where multiple analgesic
options are available and those patients most likely to benefit
from IV acetaminophen may not be the ones receiving it.
Because our data do not evaluate any specific patient sub-
groups, we cannot exclude the possibility that some patients
may benefit from IV acetaminophen given the challenges in
postoperative oral tolerance. Future studies should focus on
identifying those patients that may benefit the most.

We—counterintuitively—found that the use of IV and
oral acetaminophen beyond postoperative day 1 was asso-
ciated with increased opioid utilization. It is unlikely that
increased opioid utilization is caused by oral or IV acet-
aminophen. A more likely explanation is that these effect
estimates are driven by a group of patients that receive these
drugs after postoperative day 1 in response to more pain,
thus requiring more opioids. This group may easily skew
effect estimates for opioid utilization for the postoperative
day 2 or later group toward increased opioid utilization,

‘Wasserman et al.
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Table 4. Adjusted Association between NSAIDs and Outcomes

IV Acetaminophen and Outcomes in Open Colectomies

Use of NSAIDs

Day of Surgery P Value Postoperative Day 1 and > 2 P Value
Continous outcomes
Oral morphine equivalents -11.1% (-12.8 to -9.3%) < 0.0001 5.4% (3.6 to 7.2%) < 0.0001
Length of hospital stay -13.3% (-14.6 to -12.1%) < 0.0001 -0.5% (-1.7 t0 0.7%) > 0.999
Cost of hospitalization -14.5% (-15.9 to -13.0%) < 0.0001 -4.8% (-6.2 to —3.4%) < 0.0001
Opioid-related adverse effects
Respiratory 0.59 (0.53, 0.64) < 0.0001 0.75 (0.70, 0.80) < 0.0001
Gastrointestinal (excluding ileus) 0.86 (0.73, 1.01) 0.0780 1.28 (1.12, 1.46) < 0.0001
lleus 0.88 (0.83, 0.93) < 0.0001 1.20 (1.15, 1.26) < 0.0001
Central nervous system 0.60 (0.50, 0.73) < 0.0001 0.99 (0.87, 1.12) > 0.999
Genitourinary 0.93 (0.83, 1.05) 0.9150 1.10 (1.00, 1.22) 0.0380
Other* 0.77 (0.66, 0.90) < 0.0001 0.98 (0.87, 1.11) > 0.999
Use of naloxone 1.00 (0.89, 1.14) > 0.999 1.07 (0.96, 1.19) 0.9440

Odds ratios for binary variables; for continuous outcomes exponentiated coefficients from the log model depicting percent change compared to reference
(= no use of NSAIDs). Oral morphine equivalents represent opioid utilization over the entire hospitalization. Models adjusted for age, sex, race/ethnicity,
insurance type, hospital location, bed size and teaching status, hospital-specific open colectomy volume, elective or emergent procedure, indication for
colectomy and procedure type, year of procedure, anesthesia type, patient-controlled analgesia, IV or oral acetaminophen, gabapentin or pregabalin,
cyclooxygenase-2 inhibitor and ketamine use, and Charlson comorbidities, history of substance use or abuse, chronic pain conditions, psychiatric comor-

bidities, or opioid use disorder.

*“Other” includes postoperative bradycardia, rash or itching, fall from bed, or “drugs causing adverse effects with therapeutic use.”

IV = intravenous; NSAID = nonsteroidal antiinflammatory drug.

which may lead to “confounding by indication.” Interest-
ingly, however, this phenomenon persisted when analyzing
only hospitals with an IV acetaminophen utilization rate of
50% or higher, where we expected IV acetaminophen to be
part of standard postoperative pain protocols and, thus, less
susceptible to indication bias. Moreover, these results fur-
ther question the optimal utilization of IV acetaminophen
in these patients, as patients might have tolerated oral acet-
aminophen beyond postoperative day 1.

The sensitivity analysis examining the effect of NSAIDs
compared to IV acetaminophen revealed similar direction
of effects with, however, more consistent opioid-sparing
effects and lower odds for opioid-related adverse effects for
NSAIDs. As NSAIDs represent another commonly used
medication category in multimodal analgesia, this finding
suggests that IV acetaminophen may not be the most effec-
tive tool to reduce opioid utilization or that patients most
likely to benefit from IV acetaminophen are not the ones
receiving it. Indeed, the McNicol er al. Cochrane review
demonstrated the statistical superiority of NSAIDs over IV
acetaminophen in terms of pain control, which, however,
may be clinically nonsignificant.®

Our study has several limitations. First, the lack of clini-
cal details in our administrative dataset means there was no
information on pain scores, which may have influenced both
the use of IV acetaminophen as well as the amount of opi-
oids consumed. However, we were able to adjust for the use
of nonopioid analgesics, as well as other anesthesia- or anal-
gesia-related variables, that are associated with pain scores.
Additionally, we did not have information on single-shot
or continuous neuraxial analgesia utilization and preopera-
tive opioid use, a potential confounder in perioperative opi-
oid utilization. We attempted to minimize this limitation by
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adjusting our models for substance use or abuse, chronic pain
conditions, psychiatric conditions, and preoperative opioid
misuse, all of which are associated with opioid utilization.>?!
As we do not have information on local postoperative pain
protocols or reasons behind IV acetaminophen use, we cannot
exclude the possibility that patients with higher pain scores
received IV acetaminophen for that reason, leading to the
observed increase in opioid utilization among patients receiv-
ing IV acetaminophen beyond postoperative day 1. However,
our sensitivity analysis, in which we restricted the cohort to
hospitals where IV acetaminophen was assumed to be part
of an established protocol, showed no change in our main
results. Finally, as with any billing dataset, what is actually
billed may not adequately reflect what is administered to the
patient. This potential overestimation refers to both opioids
and naloxone and should apply equally to IV acetaminophen
utilization groups; it is unlikely to lead to any significant bias.

In conclusion, in this large nationwide study assessing
the use of IV acetaminophen in patients undergoing open
colectomies in 602 hospitals, we found that IV acetamino-
phen was used in a minority (25.1%) of cases. Moreover,
IV acetaminophen use was not associated with clinically
significant reductions in opioid utilization, prespecified as
a minimum reduction of 25%. When used on the day of
surgery, oral and IV acetaminophen appeared equivalent
in associations with reduced opioid utilization, while oral
acetaminophen appeared superior when using more than 1
dose on postoperative day 1. Interestingly, among patients
receiving IV acetaminophen, almost half received just 1 dose
on the day of surgery, further calling into question the cur-
rent IV acetaminophen utilization patterns. Important next
steps include validation of these results with alternative data
and identifying patients and administration schedules (e.g.,
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routine IV acetaminophen every 6h, dosing for 48 h) most
likely to result in benefit.
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Appendix 1. Opioid-related Adverse Effects'®

Diagnosis Code,
International Classification

Adverse Event of Diseases, Ninth Revision

Respiratory

Bradypnea 786.09 acute
Pulmonary insufficiency after 518.5 acute
surgery and trauma
Respiratory complications 997.3 acute
Asphyxia 799.01
Hypoxemia 799.02
Gastrointestinal (excluding ileus)
Constipation 564.09
Constipation, narcotic induced E937.9 acute
Dizziness or vertigo 386.2 acute
Dry mouth 527.7 acute
Nausea or vomiting 787.01 acute
Nausea or vomiting after 564.3 acute
gastrointestinal surgery
lleus
lleus, postoperative 997.4 acute
Paralytic ileus 560.1
Central nervous system
Cerebral hypoxia 997.01

Nervousness
Delirium
Confusion, postoperative
Confusion classified otherwise
Altered mental status
Genitourinary system
Urinary retention
Oliguria
Other
Bradycardia, postoperative
Rash or itching

Drugs causing adverse effects
with therapeutic use

Fall from bed

799.2 chronic or acute
780.09 acute

293.9 acute

293 acute

780.97 acute

788.2 acute
997.5 acute or relatedness

997.1 acute or relatedness
698.9 acute or relatedness
E935.2 acute or relatedness

E884.4
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Appendix 2. Sensitivity Analysis Restricting the Cohort to
Only Hospitals with at Least 50% IV Acetaminophen Use
(Cohort Size n = 32,855; 82 Hospitals); Outcome Is Opioid
Utilization in Oral Morphine Equivalents; Exponentiated
Coefficients from the Log Model Depicting Percent Change
Compared to Reference (= No IV or Oral Acetaminophen Use)

Opioid Utilization P Value
Use of IV acetaminophen
Day of surgery
1 dose -5.1% (-7.6 to -2.6%) < 0.0001
> 1 dose -10.1% (-13.1 to -7.0%) < 0.0001
Postoperative day 1
1 dose -4.6% (-8.5 to —-0.4%) 0.0114
> 1 dose -10.8% (-13.8 to -7.8%) < 0.0001
Postoperative day > 2
1 dose 20.8% (15.6 t0 26.3%) < 0.0001
> 1 dose 38.3% (34.2 to 42.6%) < 0.0001
Use of oral acetaminophen
Day of surgery
1 dose 4.7% (-2.8 to 12.6%) 0.6150
> 1 dose -8.1% (-21.4 to 7.5%) 0.9384
Postoperative day 1
1 dose -8.8% (-15.2 to -1.9%) 0.0054
> 1 dose -26.4% (-33.7 to -18.3%) < 0.0001
Postoperative day > 2
1 dose 9.6% (4.5 to 14.9%) < 0.0001
> 1 dose 16.8% (12.1 t0 21.7%) < 0.0001

Models adjusted for age, sex, race or ethnicity, insurance type, hospital
location, bed size and teaching status, hospital-specific open colectomy
volume, elective or emergent procedure, indication for colectomy and
procedure type, year of procedure, anesthesia type, patient-controlled
analgesia, gabapentin or pregabalin, nonsteroidal antiinflammatory drug,
cyclooxygenase-2 inhibitor and ketamine use, Charlson comorbidities,
history of substance use or abuse, chronic pain conditions, psychiatric
comorbidities, or opioid use disorder.

IV = intravenous.
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