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Purpose: The purpose of this study was to evaluate the cost avoidance
associated with emergency medicine pharmacist (EMP) presence in the
emergency department (ED) using a novel cost avoidance framework.

Summary: This single-center, retrospective, observational study exam-
ined EMP interventions from November 1, 2021, through March 31, 2022.
EMPs prospectively selected up to 10 shifts in which to log interven-
tions during the study period. Interventions were categorized into 25
cost avoidance categories, 10 of which incorporated recently proposed
probability variables. All categories were organized into 4 broad cost
avoidance domains, including resource utilization, individualization of
patient care, adverse drug event prevention, and hands-on care. During
the study period, 894 interventions were logged, which accounted for
$143,132 in cost avoidance (lower probability value of $124,186, upper
probability value of $168,858), with a median cost avoidance per shift of
$1,671 (interquartile range, $1,025 to $2,451). On the basis of 240 shifts,
the estimated annual total cost avoidance per pharmacist was extrapo-
lated to be $401,040.

Conclusion: While the mean cost avoidance of $161.10 per intervention
observed in our study was less than that in prior cost avoidance studies
due to the conservative and potentially more realistic estimates used, im-
plementation of this cost avoidance framework still showed substantial
cost avoidance associated with EMP presence in the ED.

Keywords: costs and costs analysis, emergency medicine, hospital ad-
ministration, interventions, medication, pharmacists
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The role of emergency medicine phar-
macists (EMPs) has transitioned
from focusing on medication prepar-
ation and dispensing to involvement
in direct patient care as part of an EM
multidisciplinary team in the emer-
gency department (ED), including, but
not limited to, assisting with emergency
response and providing transitions-of-
care services."” As the role of the EMP
has evolved, multiple professional or-
ganizations have stated that they con-
sider EMPs to be essential providers and
have advocated for 24-hour pharma-
cist coverage."** Despite EMPs being
recognized as essential providers, a fi-
nancial rationale is often necessary

on an institutional level to create clin-
ical pharmacist positions and expand
services. Cost avoidance studies have
previously been used to provide a finan-
cial rationale.*®

Previous cost avoidance studies
have shown significant reductions in
cost associated with the presence of an
EMP.™® Recently published guidance
on cost avoidance in pharmacy prac-
tice sought to improve the quality and
validity of future studies by proposing a
cost avoidance calculation that factors
in the probability of a trajectory change
without  pharmacist intervention
(pTC), the probability of a consequence
occurring (pCON), and the attributed
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cost value of a given consequence
(cCON).? The purpose of this study
was to evaluate savings associated with
EMP presence in the ED using a novel
cost avoidance framework. This study
adds to the literature by utilizing cost
avoidance categories unique to EMPs
that have not previously been assessed
in this field of study.

Methods

Study setting. The study was con-
ducted at an urban academic medical
center with over 80,000 ED visits annu-
ally. The 109-bed ED is staffed by EM
faculty, resident physicians, and ad-
vanced practice providers. At the time
of this study, 7 EMPs, accounting for
6.5 full-time equivalents, and 2 post-
graduate year 2 (PGY2) EM pharmacy
residents provided clinical coverage to
the ED from 7:00 AM to 2:00 AM Monday
through Friday and 10:30 AM to 8:30
pMm on weekends and holidays. From
10:00 AM until 11:00 pM on weekdays,
2 EMPs are present to provide clinical
services, with 1 pharmacist present at
all other times. Daily clinical activities
include, but are not limited to, bed-
side emergency response, pharmaco-
therapy consultation, antimicrobial
stewardship, patient and provider edu-
cation, discharge prescription review,
culture review and follow-up for dis-
charged patients, medication reconcili-
ation, and patient profile review.

Study design. This was a single-
center, retrospective, observational
study encompassing the period from
November 1, 2021, to March 31, 2022.
During the study period, EMPs pro-
spectively selected up to 10 shifts and
PGY2 EM pharmacy residents pro-
spectively selected 6 shifts on weekdays
and nonholidays for inclusion in the
study. EMPs signed up with the study
investigators to prospectively select
shifts, ranging in duration from 6 to 10
hours, in which to log interventions,
to decrease the likelihood that shifts
would contain a large volume of admin-
istrative and educational duties. Cost
avoidance activities documented via
iVents, a tool created by Epic Systems
(Verona, WI), and progress notes were
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retrieved from the electronic medical
record (EMR) for the selected shifts.
Progress notes are included in the
permanent medical record and are
part of the current EMP workflow at the
study site. Progress notes are written
for a variety of reasons, including, but
not limited to, documentation of bed-
side emergency response, medication
dose adjustments, culture follow-up,
discharge prescription review, patient
education, and medication reconcili-
ation. iVents are not part of the per-
manent medical record but can easily
be retrieved from the EMR and can only
be logged and viewed by pharmacists.
iVents were logged using a standard
documentation template created by the
study team, which allowed categoriza-
tion of interventions into specific cost
avoidance categories. Logging iVents is
not part of the standard EMP workflow,
and education was provided to EMPs
before the study period. The iVents

documentation template was available
for 1 month before the start of the study
to give pharmacists a chance to use the
tool and provide feedback.

Data collection. Data collected
consisted of each patient’s age, dis-
charge disposition, length of stay (LOS),
boarding in the ED, and emergency se-
verity index (ESI) score. Progress notes
and iVents for preselected shifts were
queried from the EMR. EMPs recorded
abroad cost avoidance domain and cost
avoidance category with every iVent.
All interventions were reviewed by a
member of the study team during data
collection and adjusted as necessary to
ensure that the correct cost avoidance
category was selected for the interven-
tion performed or the intervention was
excluded if it did not align with any pre-
defined cost avoidance category.

Cost avoidance framework.
The research team utilized a novel
framework to calculate the cost avoid-
ance associated with various EMP
activities after review of existing litera-
ture and incorporation of probability
variables from the 2021 guidance pub-
lished by Patanwala and colleagues.'*>*
EMP activities were categorized into
4 broad domains: adverse drug event
(ADE) prevention, resource utilization,
hands-on care, and individualization
of patient care. These domains were
further divided into 25 categories of
cost avoidance, each with unique cost
avoidance values. Values were adjusted
to estimated values in 2022 US dollars.*
Fixed values obtained from the litera-
ture were used for certain cost avoid-
ance categories, while calculations
and probability values were used for
categories that involved ADE preven-
tion. The cost avoidance categories, as-
sociated values, and calculations used
are available in Table 1.

For cost avoidance categories
using calculations, direct cost savings
was defined as the direct measurable
savings that occurred as a result of
pharmacist intervention, ie, the dif-
ference in medication cost if switching
from an intravenous to an oral medi-
cation. pTC was assumed to be 1 for
any intervention that occurred after
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Table 1. Cost Avoidance Domains and Categories

Cost avoidance category

Cost avoidance value?

Broad domain: individualization of patient care

Antimicrobial therapy initiation and streamline

pTC x ($386.80" x pCON) + DCS

Culture follow-up $631.3411.1
Drug info consultation $10111:20
DVT prophylaxis $60%'

Initiation of nonantimicrobial therapy

pTC x ($153 x pCON) + DCS''19

Reversal program cost avoidance

pTC x ($8,3121°2 x pCON) + DCS

Broad domain: ADE prevention

ADE prevention

pTC x ($2,013'2x pCON) + DCS

Anticoagulant therapy monitoring $420%
Antimicrobial pharmacokinetics evaluation—aminoglycosides $200"
Antimicrobial pharmacokinetics evaluation—vancomycin $153"
Dosage adjustment: nonrenal $15311-13

Medication reconciliation leading to possible ADE prevention

pTC x ($2,013'2x pCON) + DCS

Renal adjustment (non-CRRT)

pTC x ($2,013'12x pCON) + DCS'

Broad domain: bedside response

Bedside monitoring

pTC x ($2,013'2x pCON) + DCS

Code blue response

0.274 x ($2,0130-1214 x pCON) + DCS

Code blue response + therapy initiation

[0.274 x ($2,013%214 x pCON) + DCS] + pTC x $153'"13

Medication teaching/discharge education $631.341119
Rapid response participation $153"
Rapid sequence intubation $153"

Stroke code participation

Fibrinolytic given: $627.90"1:2*
No fibrinolytic given: pTC x $153 x pCON + DCS''®

Toxicology consult

$385.621"1°

Broad domain: resource utilization

Direct savings

DCS - cost of medication or laboratory value discontinued

Isolation orders removed

pTC x $357

Medication conversion: intravenous to oral

DCS

Rejection of restricted medication

DCS - cost of drug denied

Abbreviations: ADE, adverse drug event; CRRT, continuous renal replacement therapy; DCS, direct cost savings; DVT, deep vein thrombosis;
pPCON, probability of consequence; pTC, probability of trajectory change.
aCosts have been adjusted to 2022 US dollars using the Consumer Price Index for Medical Care.?

a treatment decision had been made,
and a range of 0.5 to 0.75 was used for
interventions where it was unclear
whether the change would have oc-
curred without pharmacist presence.
The pCON value used was a conserva-
tive estimate of 0.01 to 0.05. Calculated
cost avoidance values included an
average anticipated cost avoidance
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value, along with a lower probability
value (LPV) and an upper probability
value (UPV) obtained by using permu-
tations of the cost avoidance calcula-
tion with the worst and best possible
values for each probability variable,
respectively.

Outcomes and data analysis.
The primary outcome of this study was

the total cost avoidance associated with
EMP activities documented during
intermittent shifts throughout the study
period. Secondary outcomes included
total cost avoidance extrapolated to an
annual estimate using 240 shifts, me-
dian cost avoidance per EMP shift, and
number of interventions performed
with associated cost avoidance based
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on patients’ ESI score, disposition,
age, ED LOS, and boarding in the ED.
Descriptive statistics were used for all
data. Normally distributed data are pre-
sented as mean (SD), and nonnormally
distributed data are presented as me-
dian (25th- to 75th-percentile inter-
quartile range [IQR]). Cost avoidance
values are described as ranges, using
the LPV and UPV.

Ethics. The Office of Responsible
Research Practices determined that the
study did not involve regulated research
involving human subjects and could be
conducted without further institutional
review board review or exemption. A
quality release form was approved by
the health system’s chief quality officer.

Results

A total of 894 interventions were
logged during 76 prospectively selected
shifts, comprising 643 clinical hours
in the ED. Of the 76 shifts, 64 were re-
corded by EMPs and 12 were recorded
by PGY2 EM pharmacy residents.
EMPs logged 805 (90%) interventions,
and the pharmacy residents logged 89
(10%). The majority of interventions,
486 (54.4%), were logged as iVents in
the EMR, while 408 (45.6%) were docu-
mented in progress notes.

The total estimated cost avoid-
ance over the entire study period was
$143,132 (LPV to UPV, $124,186 to
$168,858). Looking at broad domains
of cost avoidance classification, 284
(31.7%)
individualization of patient care, ac-
counting for $36,507 of cost avoid-
ance. This was the most commonly
logged broad domain for interven-
tions. Of the remaining interventions,
280 (31.3%) were categorized as ADE
prevention accounting for $33,429
of cost avoidance, 207 (23.1%) were
categorized under bedside response
accounting for $59,773 of cost avoid-
ance, and 89 (10.0%) were categorized
under resource utilization accounting
for $13,423 of cost avoidance. Bedside
response was the domain associated
with the largest cost avoidance, which
was largely informed by the medica-
tion teaching/discharge education and

interventions represented
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stroke response categories. Thirty-four
(3.9%) interventions were logged that
did not fit into any prespecified cost
avoidance domain and were assigned a
conservative cost avoidance value of $0.
After excluding these 34 interventions,
the mean cost avoidance was $161.10
(SD, $260.92) per intervention logged.
Of all the interventions, 452 (50.6%)
were logged into categories using a
calculation with probability variables
that have not been incorporated in
prior cost avoidance studies, while 408
(45.6%) were logged in categories with
no probability values incorporated. The
number of interventions logged and
cost avoidance associated with each in-
dividual category of cost avoidance are
available in Table 2.

When examining secondary out-
comes, the total cost avoidance was
extrapolated to an annual estimate per
pharmacist of $401,040 using 240 shifts
as the amount of time a full-time em-
ployee would be expected to work. The
median number of interventions logged
per shift was 11 (IQR, 7-14). Median
cost avoidance per shift was $1,671
(IQR, $1,025-$2,451). When excluding
PGY2 EM pharmacy residents, the me-
dian number of interventions per shift
was 11 (IQR, 8-16) and the median cost
avoidance per shift was $1,835 (IQR,
$1,072-$2,649). Looking at the PGY2
EM pharmacy residents exclusively, the
median number of interventions per
shift was 6 (IQR, 5-11) and the median
cost avoidance per shift was $1,156
(IQR, $845-$1,470). The number of
interventions and cost avoidance based
on various patient-specific factors are
summarized in Table 3.

Discussion

At our urban academic medical
center, there was substantial cost avoid-
ance associated with EMP presence
when using a novel cost avoidance
framework. Cost avoidance estimates
incorporating probability variables ac-
counted for only $24,948, or 17.3%, of
all cost avoidance despite representing
50.6% of all interventions recorded,
while fixed-value cost avoidance esti-
mates accounted for $118,339 (82.1%)

of all cost avoidance. Part of this dis-
parity may be due to our use of a very
conservative pTC range of 0.01 to 0.05
for our calculations. Another reason
for this difference is how we incorpor-
ated direct costs in interventions that
utilized calculations. For example, if
laboratory monitoring was ordered
with the intent of preventing an ADE,
the cost of ordering that laboratory test
was included as a negative direct cost
savings value. Similarly, if there was a
change in medications, the difference
in costs between those medications was
used as the direct cost savings value,
whether that value was a net positive
or negative. This led to some interven-
tions having lower bounds of negative
values, which may have resulted in cost
occurrence as opposed to cost avoid-
ance. These interventions may still
represent clinically appropriate inter-
ventions made by EMPs, even in cases
of cost occurrence.

Our study also contained new cost
avoidance categories unique to EMPs
that have not previously been de-
scribed in the literature. This included
documentation of medications ad-
ministered that had not been charted
to ensure accurate billing, which was
included as part of the direct savings
category. This intervention type was
recorded 5 times and associated with a
cost avoidance of $709. Another unique
intervention was removal of isolation
orders for patients testing negative for
coronavirus disease 2019 (COVID-19).
Because of the number of boarding pa-
tients with COVID-19 in the ED, EMPs
found themselves in a unique position
to initiate removal of isolation orders on
these patients in situations where pa-
tients tested negative. This was logged
31 times and was associated with a cost
avoidance of $682 (LPV to UPV, $558
to $806).1” EMPs were also able to log
their intervention category as “other,
which the study team assessed, reas-
signing interventions to a cost avoid-
ance category if applicable. There were
163 interventions logged as “other,” of
which 34 were ultimately excluded.
While logging interventions as “other”
may in part have been due to EMPs’
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Table 2. Interventions Logged and Associated Cost Avoidance
Cost avoidance,

Cost avoidance category Interventions, No. (%) estimated (LPV to UPV)

Broad domain: individualization of patient care

Antimicrobial therapy initiation and streamline 55 (6.2) $1,155 ($495 to $2,365)

Culture follow-up? 78 (8.7) $21,299

Drug info consultation 60 (6.7) $10,440

DVT prophylaxis 11(1.2) $1,914

Initiation of nonantimicrobial therapy 70 (7.8) $61 (-$175 to $294)

Reversal program cost avoidance 10 (1.1) $1,638 ($449 to $3,206)

Broad domain: ADE prevention

ADE prevention 98 (11.0) $6,767 ($741 to $14,606)

Anticoagulant therapy monitoring 6 (0.7) $5,592

Antimicrobial pharmacokinetics evaluation —aminoglycosides 1(0.1) $259

Antimicrobial pharmacokinetics evaluation—vancomycin 6 (0.7) $1,188

Dosage adjustment: nonrenal 57 (6.4) $11,241

Medication reconciliation leading to possible ADE prevention 80 (8.9) $6,562 ($1,658 to
$13,436)

Renal adjustment (non-CRRT) 32 (3.5) $1,820 ($520 to $3,516)

Broad domain: bedside response

Bedside monitoring 27 (3.0) $2,227 ($573 to $4,593)

Code blue response 5(0.6) $185 ($60 to $305)

Code blue response + therapy initiation 0(0) $0

Medication teaching/discharge education 28 (3.1) $22,088

Rapid response participation 64 (7.2) $12,672

Rapid sequence intubation 18 (2.0) $3,564

Stroke code participation® 61 (6.8) $17,041 ($14,313 to
$20,737)

Toxicology consult 4(0.4) $1,996

Broad domain: resource utilization

Direct savings 45 (5.0) $11,243

Isolation orders removed 31 (3.5) $682 ($558 to $806)

Medication conversion: intravenous to oral 11 (1.2) $696

Rejection of restricted medication 2(0.2) $802

Abbreviations: ADE, adverse drug event; CRRT, continuous renal replacement therapy; DVT, deep vein thrombosis; LPV, lower probability value;

UPV, upper probability value.

aCulture follow-up values only used the estimated cost avoidance value if the documented intervention involved a change in the emergency

department discharge plan of care for the patient.

bSeventeen cases involved fibrinolytic administration while 44 cases did not have a fibrinolytic agent administered.

awareness that the study team would
go back and review interventions to as-
sign them to an appropriate category,
the volume of interventions logged this
way was a substantial finding. Overall,
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129 interventions that were logged in
the “other” category were found to be-
long to a cost avoidance category, rep-
resenting 15% of all interventions with
cost avoidance values associated. This

may indicate that, even with educa-
tion on how to log interventions, EMPs
may be unsure of how to categorize
all interventions. Previous studies re-
quired EMPs to select a category for
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Table 3. Interventions and Associated Cost Avoidance Based on Patient-Specific Factors

Interventions, No. (%)

Cost avoidance, estimated (LPV to UPV)

Interventions by ESI score

1 141 (15.7) $24,590 ($21,021 to $29,515)
2 419 (46.9) $61,231 ($50,906 to $75,183)
3 250 (28.0) $41,949 ($37,816 to $47,546)
4 49 (5.5) $10,695 ($10,578 to $10,898)
5 17 (1.9) $1,471 ($1,130 to $1,882)
None recorded 18 (2.0 $3,196 ($2,735 to $3,834)
Interventions by disposition

Admission 607 (67.8) $85,861 ($70,538 to $106,700)
Discharge 249 (27.9) $52,348 ($49,507 to $56,228)
Death 17 (1.9) $1,522 ($1,001 to $2,179)
Other 21 (2.4) $3,401 ($3,140 to $3,751)
Interventions by age range, years

<30 101 (11.3) $22,530 ($21,528 to $23,882)
30-39 105 (11.8) $20,076 ($18,640 to $22,053)
40-49 102 (11.4) $12,749 ($11,238 to $14,817)
50-59 172 (19.2) $30,110 ($25,418 to $36,470)
60-69 174 (19.5) $27,133 ($22,571 to $33,402)
70-79 138 (15.4) $18,823 ($15,375 to $23,438)
80-89 85 (9.5) $10,260 ($8,455 to $12,711)
>89 17 (1.9) $1,451 ($961 to $2,085)

Interventions by patient’s ED LOS, hours

0to <12 403 (45.1) $80,907 ($73,209 to $91,582)
12 to <24 228 (25.5) $33,086 ($28,017 to $39,901)
24 to <36 145 (16.2) $14,643 ($10,935 to $19,709)
36 to <48 66 (7.4) $7,966 ($6,463 to $9,842)

>48 48 (5.4) $4,373 ($3,467 to $5,583)
Unknown 4(0.4) $2,157 ($2,095 to $2,241)
Interventions by boarding status

Boarded 411 (46.0) $47,055 ($37,078 to $60,467)
Not boarded 481 (53.8) $95,909 ($87,064 to $108,055)
Unknown 2(0.2) $168 ($44 to $336)

value.

Abbreviations: ED LOS, emergency department length of stay; ESI, emergency severity index; LPV, lower probability value; UPV, upper probability

every intervention logged, and, in
situations where EMPs were unsure
about intervention categorization, they
may have chosen not to include cer-
tain interventions or have potentially
categorized them under an incorrect
category. Giving EMPs the option to log
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an intervention in the “other” category
with adjudication by our study team on
the back end may have led to more ac-
curate results.

When looking at the volume of
interventions based on patient-specific

factors, interventions were most

commonly made on patients with ESI
scores of 1 through 3 and admitted pa-
tients. All these variables indicate that
EMPs at the study site were most likely
to make interventions on high-acuity
patients. This may be reflective of the
study site’s 45% admission rate for
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patients presenting to the ED, which is
much higher than the 12.4% admission
rate for ED visits across the US.* There
were 411 interventions made on pa-
tients boarding in the ED, accounting
for 46% of all interventions. We also
assessed the number of interventions
based on patient age and found no sig-
nificant trends.

Our study found a lower cost avoid-
ance per intervention than reported
in previous literature looking at the
cost avoidance associated with EMPs.
The PHARM-EM study found an an-
nual cost avoidance with an EMP to be
$1,971,262 over 240 shifts when using
the framework of Hammond et al,
originally developed for application to
pharmacist practice in the intensive
care unit. During the study, 13,984 inter-
ventions were accepted, accounting
for $7,531,862 of cost avoidance, with
a mean cost avoidance of $538.61 per
intervention.*'*?” The EMPIRE-C study
estimated $5,350,755 in cost avoidance
associated with 9,181 interventions
made by pharmacists at community
hospitals, with a mean cost avoidance
of $582.80 per intervention.” The lower
cost avoidance values seen in our study
are likely due to the incorporation of
new probability variables, which led
to more conservative estimates of cost
avoidance, and the reporting of our
results as ranges of estimates. For ex-
ample, cost avoidance in the ADE pre-
vention category was calculated very
differently than in previous studies.
Combining major and minor ADE pre-
vention as logged in the PHARM-EM
study, there were 766 total interven-
tions resulting in a total cost avoidance
of $1,387,192 and a mean cost avoid-
ance of $1,810.96 per intervention.’ In
our study, ADE prevention accounted
for 98 interventions totaling $6,767 in
cost avoidance, for a mean cost avoid-
ance of $69.05 per intervention. In add-
ition, compared to PHARM-EM, we
only applied a fixed value to stroke re-
sponse where a fibrinolytic agent was
administered based on the fixed value
from reduction in time to fibrinolytic
administration. For other stroke alerts,
we used the major ADE prevention cost
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avoidance value as EMPs are highly ac-
tive at our site, assisting with bedside
administration of various medications,
ensuring appropriate adherence to
blood pressure goals, and performing
targeted medication reconciliation for
anticoagulants. Ultimately, our hope
is that the values reported in this study
more accurately reflect the imprecise
nature of cost avoidance studies.

This study had several limitations.
First, it was performed at a single site
where EMPs are responsible for more
than just order verification during
patient care hours. We did not as-
sess interventions made by our phar-
macists responsible for ED order
verification during the study period,
so certain interventions commonly
made on order verification may have
been missed by this study. Second,
this study relied on EMPs to self-report
interventions, which may have led to
underreporting due to the ED envir-
onment as well as intervention docu-
mentation fatigue.®*° Self-reporting of
interventions may have also led to more
interventions being made due to the
Hawthorne effect, as pharmacists were
aware which shifts were being included
in the study and may have modified
their behavior.*! Third, building the op-
timal cost avoidance study would re-
quire a team of researchers reviewing
and assigning values for each individual
intervention; however, with the size of
our study team, this approach was not
feasible. Fourth, our annualized cost
avoidance estimate of $490,560 per
pharmacist used 240 shifts to allow
for more direct comparisons with pre-
vious studies in this field, which may
be an overestimate, as EMPs were able
to select shifts to log interventions with
minimal administrative and educa-
tional duties, and may not completely
reflect real EMP practice. Fifth, our re-
sults may not be generalizable to other
sites where there are lower volumes of
high-acuity patients, less focus on EMP
involvement in high-acuity patient
management, and lower numbers of
patients who board in the ED. Finally,
one major limitation of attempting to
estimate the cost avoidance associated

with all EMP activity is that certain
aspects of the workflow (administrative
tasks, education) are not quantifiable
within a financial framework.

Conclusion

When assessing a sample of the inter-
ventions performed at a single site, a cost
avoidance framework incorporating
new variables and categories of cost
avoidance unique to EMPs and not pre-
viously assessed found significant cost
avoidance associated with EMP pres-
ence in the ED. Future studies involving
multiple sites that incorporate these
new cost avoidance calculations should
be performed for a more generalizable
cost avoidance value.
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