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Abstract

Background: Following availability in the United States in 2011, intravenous acetaminophen (IV APAP) was added
to many hospital formularies for multimodal pain control. In 2014, the price of IV APAP increased from $12/g to
$33/g and became a top 10 medication expenditure at our institution. Objective: To promote appropriate IV APAP
prescribing and reduce costs. Design, Setting, Participants: Quality improvement project at a 562-bed academic
medical center involving all inpatient admissions from 2010 to 2017. Interventions: Using Plan-Do-Study-Act (PDSA)
methodology, our Pharmacy & Therapeutics (P&T) committee aimed to reduce inappropriate use of IV APAP by
refinement of restriction criteria, development of clinical decision support in the electronic medical record, education
of clinical staff on appropriate use, and empowerment of hospital pharmacists to enforce restrictions. Measurements:
Monthly IV APAP utilization and spending were assessed using statistical process control charts. Balancing measures
included monthly usage of IV opioid, IV ketorolac, and oral ibuprofen. Results: Five PDSA cycles were conducted
during the study period. Monthly spending on IV APAP decreased from the highest average of $56 038 per month to
$5822 per month at study conclusion. Interventions resulted in an 80% annual cost savings, or an approximate savings
of $600 000 per year. Usage of IV opioids, IV ketorolac, and oral ibuprofen showed no major changes during the study
period. Conclusions: [V APAP can be restricted in a safe and cost effective manner without concomitant increase in
IV opioid use.
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(IV) ibuprofen use is limited due to risks of gastrointestinal
bleeding and renal impairment.’,® Hence, there is a need for
additional IV nonopioid analgesics.

Acetaminophen, or acetyl-para-aminophenol, was
brought to market in 1955 for treatment of mild pain and
fever and until recently, was limited to oral (PO) and rectal
(PR) formulations.” In 2002, IV APAP was introduced in
Europe, providing a new class of parenteral analgesia. IV
APAP was subsequently approved for use in the United
States in November 2010 and commercially available in

Introduction

Opioid analgesia is traditionally the mainstay of pain man-
agement, especially in the inpatient setting for acute and
severe pain.'” While effective for pain management, opioids
are associated with many costly adverse effects such as ileus,
decreased respiratory drive, delirium, pruritus, and potential
for addiction.! Recently, the “multimodal analgesic
approach” to pain control through adjunctive use of nonopi-
oid medications (eg, acetaminophen [APAP], nonsteroidal
anti-inflammatory (NSAIDs), and gabapentin) has become
favored. However, few nonopioid analgesics, with the excep-
tion of NSAIDs, were available until recently for patients
unable to take oral medications. In the United States, paren-
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teral ketorolac and ibuprofen are available, and several stud-
ies have demonstrated that NSAIDs used adjunctively to
manage postoperative pain can decrease opioid requirements
and adverse events.’,*However, ketorolac and intravenous
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January 2011. The introduction of IV APAP provided a con-
venient parenteral analgesic option for use in acute care or
perioperative settings, allowing for early initiation of multi-
modal analgesia.

IV APAP has been shown to have quicker onset of action
and higher peak serum drug levels compared with PO or PR
administration.*’ Peak plasma concentration occurs 15 min-
utes after administration and approximately 30 minutes
faster than PO administration. This is due to the fact that IV
infusion does not undergo first-pass hepatic metabolism.
When compared, the initial onset of analgesia in adults
undergoing teeth extraction was achieved in 3 minutes after
a 2-minute I'V bolus and 5 minutes after a 15-minute infusion
of propacetamol 2 grams IV (equivalent to 1 gram IV APAP),
compared with 11 minutes after oral administration of 1
gram APAP’ Adult studies have suggested that IV APAP
may reduce opioid use and length of stay (LOS) in select
patient populations, including some postoperative patients
(ie, total hip and knee replacement, adult tonsillectomy,
endoscopic thyroidectomy).'”"® However, most efficacy
studies have had methodologic concerns including retrospec-
tive design, single-center, lack of blinding or randomization,
and lack of head-to-head comparison with PO/PR routes.

While IV APAP is often prescribed in pediatrics,'* high-
quality data are lacking and benefits remain inconclusive.
Studies involving noncardiac surgeries showed no differences
in postoperative nausea vomiting (PONV), pain scores, or
time spent in the recovery unit with use of IV APAP com-
pared with control (both opioid and nonopioid medica-
tions)."”,'® For tonsillectomy, 1 comparative study reported
that patients receiving IV APAP were more likely to require
opioids compared with those who received intramuscular
meperidine (P < .01)."” However, patients receiving [V APAP
were less sedated and ready for discharge from the postopera-
tive recovery unit sooner (P = .045). In a separate study,
patients who received 1 dose of IV APAP for tonsillectomy
were less likely to receive postoperative opioids than those
who did not; however, overall opioid consumption was simi-
lar between the groups (0 vs 0.033 pg/kg, P = .61)."®

The incorporation of IV APAP into surgical protocols as
“fast-track” programs has become increasingly popular to
provide adjuvant pain relief and promote early discharge."”,**
These fast-track cardiac protocols have demonstrated
decreased opioid consumption, adequate analgesia, decreased
side effects, and early extubation.”'*® While data are promis-
ing, use of IV APAP was one component of a multicompo-
nent protocol; therefore, benefits were not able to be directly
attributed to IV APAP.

Within the first 15 weeks of product launch in the United
States, IV APAP was adopted to 675 hospital formularies,
including ours, at a cost of $10/g.*” By the end of 2013, it
was on formulary in over 2400 hospitals.” In 2014, the price
of IV APAP increased to $33/g, and became one of the top 10
drug expenditures at our institution. This article summarizes
the quality improvement (QI) initiatives by our institution’s

Pharmacy & Therapeutics (P&T) committee in addressing
the high cost of IV APAP and promoting appropriate use.

Methods

Setting and Context

Our setting is a 562-bed academic medical center with a 151
bed children’s hospital with a “hospital-within-hospital”
structure, located in Portland, Oregon. Our inpatient phar-
macy dispenses approximately 4 million medication doses
per year and had an annual pharmaceutical expense budget
of $43 million in 2018. Institution-wide medication manage-
ment decisions are determined by a P&T committee, which
is a multidisciplinary, interprofessional committee com-
prised of physicians, pharmacists, nurses, and hospital
administrators.

IV APAP was approved by P&T for addition to the hospi-
tal formulary in March 2011 with restrictions to adult patients
unable to take PO APAP or pediatric patients unable to take
PO or PR APAP (Table 1). Use was limited to 24 hours unless
approved by the hospital’s pain service team. P&T reexam-
ined cost and utilization data after 3 months and at various
intervals over the next 6 years. Using the QI and Plan-Do-
Study-Act (PDSA) methodology, multiple changes to restric-
tion criteria were made. Table 1 shows the timeline of events,
including PDSA cycles and restriction changes. Figure 1
shows the key driver diagram with the factors and key driv-
ers that directed the work of the P&T committee in crafting
restrictions and interventions. All restriction changes were
communicated via several mechanisms: clinical decision
support (CDS) at point of order entry within the electronic
medical record (EMR) and email communication from P&T
to its subcommittee members and their constituents.

Interventions

PDSA |

After 3 months on formulary, IV APAP spending was pro-
jected at $2 million annually, which would make it one of the
top medication expenditures at our institution. In response,
P&T collaborated with the institution’s pain services to iden-
tify opportunities to reduce use. From these discussions, the
definition of nil per os (NPO) in the restriction criteria was
clarified to only patients who cannot take medications, food,
or water by mouth, unless approved by the hospital pain ser-
vice or anesthesia.

PDSA 2

In May 2014, the price of IV APAP increased from $12/g to
$33/g, becoming one of the top 10 medication expenditures
within the institution, and prompting P&T to reevaluate
usage. A retrospective review was conducted of a random-
ized sample of 10% of IV APAP orders over the preceding 3



Nguyen et al

255

Table I. Timeline of Events Regarding IV APAP.

Date

Events

November 2010
January 201 |
April 2011

July 2011

May 2014
June 2014

September 2016

January 2017

April 2017

IV APAP (Ofirmev) approved by the Food and Drug Administration

IV APAP commercially available in the United States

IV APAP added to institutional formulary with restrictions:

Patients unable to take oral APAP, or if a pediatric patient, unable to take oral or per rectal administration of
APAP.

Use is limited to 24-hour use unless approved by Pain Service.

The use will be assessed at 3 months to determine if additional restrictions are necessary.

PDSA 1:

Reviewed institution usage per restriction criteria and cost (planned medication use evaluation)

Revised restrictions to:

Restricted to patients who cannot take anything by mouth, including medications, food or water (strictly nil per
0s), unless approved by the hospital pain service or anesthesia.

IV APAP price increased from $12/g to $33/g

PDSA 2:

Performed MUE and reviewed restriction criteria

Surveyed other academic medication centers regarding [V APAP formulary status and restrictions

Elected to keep IV APAP on formulary but revised restrictions:

Each order is restricted to 24 hours. Order must be reentered every 24 hours.

PDSA 3

Revised restriction criteria to:

Patients unable to take PO/PFT AND neutropenic (ANC <500) OR

Patients unable to take PO/PFT AND also unable to receive per rectum (eg, surgical removal of rectum).

PDSA 4

Revised restriction criteria to:

Patients unable to take PO/PFT AND neutropenic (ANC <500) OR

Patients unable to take PO/PFT AND also unable to receive per rectum (eg, significant rectal pathology,
psychosocial concerns, <5 kg)

PDSA 5

Revised restriction criteria to:

Patients unable to take PO/PFT AND neutropenic (ANC <500) OR

Patients unable to take PO/PFT AND also unable to receive per rectum (eg, significant rectal pathology, history of
sexual abuse, <5 kg)

Note. IV = intravenous; APAP = acetaminophen; PDSA = Plan-Do-Study-Act; MUE = medication use evaluation; PO/PFT = oral/per-feeding-tube;
ANC = absolute neutrophil count.

L T Multiple PDSA cycles focused on refining
Clear restriction criteria - o
SPECIFIC AIM restriction criteria

INTERVENTIONS
KEY DRIVERS

Prescribing in the EMR Best practice alert placed in EMR

Decrease inappropriate IV
APAP utilization

Prescriber knowledge Medication order in EMR expires after 24 hours |

Pharmacy dispensing of medication

Pharmacists empowered to reject medication
orders that do not meet restriction criteria

Figure |. Key drivers diagram.
Note. PDSA = Plan-Do-Study-Act; IV = intravenous; APAP = acetaminophen; EMR = electronic medical record.
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months. This review found that over 44% of orders, account-
ing for 68% of doses, did not meet restriction criteria, result-
ing in an estimated $427 000/y spent on inappropriate doses.

Institutional and national attitudes around prescribing of
IV APAP were also assessed. First, discussions with key
stakeholders occurred during P&T and subcommittee meet-
ings. Second, providers who had ordered IV APAP in the pre-
ceding 8 months were sent a web-based survey about
prescribing opinions. Third, a separate web-based survey
was sent to a university health-system pharmacy consortium
listserv about inpatient formulary status. Of the 30 institu-
tions to respond to this survey, 4 had removed IV APAP from
formulary, 6 had placed additional restriction criteria, 18
were considering placing additional restriction criteria, and 2
were removing it from formulary.

In July 2014, P&T voted to keep IV APAP on formulary
with strict enforcement of the 24-hour stop time by automat-
ing the discontinue time in the EMR.

PDSA 3

In January 2016, a 10% assessment of orders from August
2014 to September 2015 continued to show 40% not meeting
inclusion criteria, corresponding to $120000/y of inappro-
priate expense.

In September 2016, after receiving input from key stake-
holders, 41% of P&T members voted to remove IV APAP
from formulary, while 59% voted to retain it on formulary
with additional restrictions. The new restriction criteria fur-
ther clarified that NPO status also included patients unable to
receive medication per feeding tube (PFT), and that IV APAP
was acceptable in neutropenic patients to avoid PR adminis-
tration (Table 1). With the backing of the institution, clinical
pharmacists were also empowered to enforce the restriction
criteria at the point of order verification.

PDSA 4

In October 2016, restriction criteria were reevaluated by the
pediatric P&T subcommittee given new concerns presented
by the neonatal intensive care unit (NICU) and pediatric
intensive care unit (PICU) groups. NICU stakeholders felt
IV APAP was necessary for premature infants who were
NPO given that many patients were too small for rectal APAP
administration. As utilization within the NICU was low (esti-
mated $6000/y), stakeholders felt their population should be
exempt from the restriction. PICU providers were concerned
with pain control in patients following cardiac surgery and in
children who could hypothetically receive rectal medication,
but in whom doing so would cause considerable distress,
such as children following physical or sexual abuse, and ado-
lescents. In response to these concerns, restriction criteria
were updated to allow use in premature infants and in patients
“unable to receive per rectum (eg, significant rectal pathol-
ogy, psychosocial concerns, <5 kg).”

PDSA 5

In April 2017, ongoing usage analysis revealed that many
patients had been administered IV APAP for “psychosocial
concerns” per the EMR, but in whom no history of abuse was
present. This terminology was removed and the language
was revised to patients with a “history of sexual abuse” to
avoid therapeutic creep. As usage maintained acceptable lev-
els, no further P&T discussions occurred during the study
period regarding IV APAP.

Measures and Analysis

The main outcomes for this study were monthly consump-
tion (based on grams of IV APAP administered) and cost,
which was adjusted for inflation to 2018 USD, from January
2011 to February 2018. Monthly consumption data were also
adjusted to account for variance in the hospital census based
on 1000-inpatient days. Adult and pediatric data were com-
bined. Consumption of IV opioid (eg, fentanyl, morphine,
hydromorphone) and NSAIDs (eg, ibuprofen, ketorolac)
from June 2010 to December 2017 were analyzed as balanc-
ing measures. [V opioids were converted to milligrams of
morphine equivalents (MME) in thousands for comparison.
Continuous opioid infusions, intraoperative doses, and
patient-controlled analgesics (PCAs) were excluded due to
the inability to accurately quantify analgesic doses adminis-
tered retrospectively from the EMR. In addition, use of IV
APAP as adjunctive analgesia would likely not impact
patients with severe pain requiring continuous opioids or
PCAs. Outpatient doses of analgesics were also excluded
because the formulary restriction for IV APAP was limited to
the inpatient setting. Microsoft Excel QI Macros was used to
create statistical process control (SPC) charts. Centerlines
(means) within SPC charts were adjusted according to estab-
lished SPC rules.

Results

Following formulary addition in April 2011, IV APAP usage
increased linearly over time from June 2011 when the first
orders were placed until June 2014 (Figure 2a). Mean usage
from June 2011 to June 2012 was 450 g/month, or 32 g/
month/1000-inpatient days when normalized against the hos-
pital census. The centerline was adjusted upward in July
2012 to a mean of 1249 g/month (92 g/month/1000-inpatient
days) and remained at this level until September 2014. Two
astronomical points were recorded during May and June of
2014. Following PDSA 2, utilization decreased in September
2014 to a mean of 986 g/month (71 g/month/1000-inpatient
days). Following PDSA 3, the centerline shifted down to 173
g/month (13 g/month/1000-inpatient days) and remained at
this level for the remainder of the study period. The final IV
APAP mean of 173 g/month or 13 g/month/1000-inpatient
days represented an 86% reduction in unadjusted and
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Figure 2. (a) IV APAP usage (grams)/month. (b) IV APAP spending by month adjusted for inflation using XmR SPCs where each dot

represents | month of data.

Note. Center solid line shows average usage (a) and spending (b) for the intervals between major process change. Dotted lines illustrate upper and lower
limits. IV = intravenous; APAP = acetaminophen; SPC = statistical process control; PDSA = Plan-Do-Study-Act.

adjusted utilization for the hospital census from the highest
average of 1249 g/month (92 g/month/1000-inpatient days).

IV APAP expenditure closely mirrored utilization (Figure
2b). The initial spending of $6974/month persisted during
the first year, then shifted up to $15968 in October 2012. As
a result of a 3-fold increase in price, monthly spending
increased by 350% to $56 038/month in May 2014. Following
PDSA 2, spending decreased in September 2014 to $34 372/
month. Following PDSA 3, spending decreased to $5822/
month and remained constant through the end of the study
period. The final monthly expenditure resulted in a savings
of $28550/month (83%) or $50216/month (90%) when
compared with the previous mean or the highest mean,
respectively.

Balancing measures consisted of monthly utilization of IV
opioids and NSAIDs from January 2010 to December 2017
(Figure 3). There was a downward trend in IV opioid utiliza-
tion within the institution over the study period (Figure 3a).
The mean MME (in thousands) per month reduced by 20%
from 154 MME (June 2010-June 2012) to 123 MME (October
2016-December 2017). Ibuprofen and ketorolac utilization
both increased modestly during the study period (Figure 3b
and c¢). Mean ibuprofen use increased by 42% from 1078
grams/month (June 2010-June 2012) to 1529 grams/month
(December 2016-December 2017). Mean ketorolac utiliza-
tion increased by 22% from 18 g/month (June 2010-June
2014) to 22 g/month (November 2016-December 2017).

None of these trends seemed associated with IV APAP restric-
tion or PDSA cycles.

Discussion

Using an iterative process involving 5 PDSA cycles over 6
years, we were able to significantly and sustainably reduce
IV APAP utilization at our institution, with cost savings of
approximately $600000/y. Several mechanisms were vital
for achieving lowered usage. First, restriction criteria were
continually refined, resulting in greater specificity and clar-
ity for ordering providers. Second, EMR capabilities were
utilized in the form of clinical decision support (CDS) such
as restriction criteria language at point of physician order
entry, order specific questions such as “is the patient NPO?”
that require physician answer selection, and an automatic
24-hour order expiration. Third, pharmacists were empow-
ered to act as stewards and gatekeepers of medication deliv-
ery. Importantly, opioid use within the institution did not
increase as a result of restrictions placed on IV APAP, and
instead, showed a gradual reduction over the study period.
This study highlights the difficulty of managing a high-
cost, high-demand medication in a setting that involves a
diverse group of stakeholders, including pediatric and adult
providers. It also illustrates the importance of maintaining an
equally diverse group of members on P&T committees to
address the various issues that arise for different patient
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Figure 3. (a) Intravenous opioid, (b) ibuprofen, and (c) ketorolac use by month analyzed by XmR SPCs, where the center solid line

shows mean usage and dotted lines show upper and lower limits.

Note. SPC = statistical process control; MME = milligrams of morphine equivalents; IV = intravenous; APAP = acetaminophen; PDSA = Plan-Do-

Study-Act.

populations in an informed and equitable manner. The fact
that the final restriction criteria required 6 years and 5 PDSA
cycles to optimize reflects these challenges.

This study also highlights the value and limitations of the
EMR in influencing prescriber behavior. Although language
around restriction criteria became more specific with each
PDSA cycle, we believe the more important driver of
decreased utilization related to 2 other interventions: 24-hour
order expiration and empowerment of pharmacists as gate-
keepers. Use of CDS, such as clarifying questions to pre-
scribers at the point of order entry, and automatic 24-hour
order expiration, remain important tools within the EMR for
guiding prescribing habits and curtailing use of high-cost
medications.” Empowerment of pharmacists to act in stew-
ardship or gatekeeper roles, as demonstrated in antimicrobial
stewardship programs, also represents a powerful tool to
reduce waste.”” However, given the culturally ingrained
power structures inherent to most institutions, pharmacist
stewardship efforts will only be successful if supported by
institutional leadership and policies. We were fortunate in
this study to have such support.

One of the strengths of our study was the inclusion of
monthly IV opioid consumption as a balancing measure for
IV APAP restriction which has yet to be reviewed in prior
publications. A previously published study on the impact of
formulary initiative showed postoperative IV APAP use
decreased by 80%; however, balancing measures were other
nonopioid analgesics.”” Because decreased IV opioid utiliza-
tion is a purported benefit of IV APAP, we wanted to make
sure IV APAP restriction did not increase IV opioid use.
While our study showed no increase in IV opioid use with IV
APAP restriction, there is an important caveat to these find-
ings. The study period, 2010 to 2017, corresponded to the
rise and recognition of the opioid epidemic.’' Similar to
other institutions, our institution incorporated multiple sys-
tems changes to reduce opioid prescribing during this time,
which limits interpretation of these findings. This factor may
also explain the increase in NSAID prescribing (ketorolac,
ibuprofen) seen in our study.

This study has several limitations. First, the study was con-
ducted within a single, medium-sized academic medical cen-
ter, and therefore may not be fully generalizable to other
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settings. Second, given the retrospective study design and het-
erogeneous patient population receiving IV APAP, we were
unable to assess the effect of IV APAP restriction on LOS.
Third, the balancing measures of IV opioid and NSAIDs con-
sumption were confounded by other efforts within the institu-
tion that may have directly impacted these measures. The
difficulty in finding pure balancing measures, unaffected by
other changes in complex healthcare systems, remains a chal-
lenging dilemma for QI projects. Similarly to a previous study
on formulary management of IV APAP,* pain scores were not
evaluated due the limitations of obtaining reliable and consis-
tent data retrospectively from the EMR. However, use of bal-
ancing measures assessing consumption of other analgesics
was used to mitigate this limitation. Prospective, randomized
controlled trials on specific patient populations with appropri-
ate comparison groups are needed to determine whether IV
APAP provides benefit in regard to length of stay, pain reduc-
tion, and opioid consumption for specific patient populations.

Conclusion

Through an iterative process, using QI methodology, we dem-
onstrated the ability to restrict IV APAP in a manner that
resulted in considerable cost savings to the institution, while
at the same time allowing the medication to be used for indi-
cated purposes. Keys to our success included the involvement
of a multidisciplinary, interprofessional P& T committee, con-
tinuous resource reviews, refinement of restriction criteria via
PDSA methodology, enhanced EMR design, and empower-
ment of pharmacists to be gatekeepers. These results rein-
force the importance of expanding the scope of P&T
committees to include continuous QI initiatives.
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