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Purpose  
To evaluate the effect of implementing a pharmacist-driven anticoagulation reversal 
stewardship program on patient outcomes and cost avoidance. 

Methods  
Patients 18-89 years of age ordered four-factor prothrombin complex concentrate 
(4F-PCC) were evaluated six months pre- and post-intervention via IRB approved 
retrospective chart review. The intervention included an update to the institution’s 
anticoagulation reversal guideline in addition to multidisciplinary education. The 
primary endpoint was 4F-PCC reversal appropriateness based on indication, dose, and 
need for repeat dosing. Secondary outcomes included the incidence of Vitamin K use and 
thromboelastography (TEG) studies, hospital length of stay, in-hospital mortality, and 
cost avoidance. The safety outcomes were hemostatic efficacy and incidence of 
thrombotic events. 

Results  
There was a non-significant increase in the appropriateness of 4F-PCC orders between 
the pre-cohort and post-cohort (41 [80%] vs. 29 [94%] P = 0.12). This was attributed to 
pharmacist interventions that resulted in appropriately decreased 4F-PCC use. There 
were no observed differences between groups for secondary and safety outcomes. A cost 
avoidance of $12,040.60 was observed over three months from pharmacist intervention 
on 4F-PCC orders. 

Conclusions  
The implementation of a new anticoagulation reversal guideline improved the primary 
endpoint of appropriateness of 4F-PCC orders at the study institution. There was an 
increase in appropriate pharmacist intervention, which resulted in an increase in 
appropriate use and cost avoidance. 

KEY POINTS 

INTRODUCTION 

Anticoagulation agents, such as warfarin and direct oral an
ticoagulants (DOACs), are widely used for a variety of in
dications, such as stroke prophylaxis in atrial fibrillation 
and treatment of venous thromboembolism (VTE). It is es
timated that over 7 million patients in the United States 
are treated with anticoagulants and are thus at an increased 
risk of bleeding and substantially increased morbidity and 
mortality.1 This increased prevalence of anticoagulation 
use is likely due to the aging population of the country.2 

• This study evaluated the appropriateness of 4F-PCC 
orders before and after implementation of a phar
macist-led anticoagulation reversal stewardship pro
gram at a community teaching hospital and Level II 
Trauma Center. 

• An updated local anticoagulation reversal guideline 
was implemented to align with the American College 
of Cardiology 2020 guidance on anticoagulation re
versal. 

• There was a decrease in inappropriate 4F-PCC orders, 
attributed to pharmacists recommending against the 
use of 4F-PCC for patients who did not meet guide

line criteria, without affecting the efficacy and safety 
outcomes of the patients at the study institution. 
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This increase in anticoagulation use may in turn increase 
the need for anticoagulation reversal. Four-factor pro
thrombin complex concentrates (4F-PCC) are used to re
verse warfarin and Factor Xa inhibitors, but it is important 
to determine how recently the anticoagulant was dosed and 
if 4F-PCC is appropriate for each patient. If 4F-PCC is used 
inappropriately for anticoagulation reversal, consequences 
may include thrombosis leading to pulmonary embolism, 
stroke, myocardial infarction, or deep vein thrombosis.3 

According to the American College of Cardiology (ACC), 
indications for anticoagulation reversal include major acute 
bleeding and emergent surgical intervention. Major acute 
bleeding is defined as bleeding at a critical site causing he
modynamic instability with or without a decrease in he
moglobin ≥2 g/dL or administration of ≥2 units of packed 
red blood cells (PRBC). Critical bleed sites include intracra
nial, spinal, intraocular, intra-abdominal, retroperitoneal, 
intramuscular, and intra-articular hemorrhages, pericardial 
tamponade, profuse epistaxis, and hemothorax.4 The ACC 
provides a decision pathway for anticoagulation reversal in 
the setting of life-threatening bleeding. In this pathway, 
4F-PCC is recommended to reverse warfarin and the Factor 
Xa inhibitors apixaban and rivaroxaban. ACC guidance rec
ommends administration of 5-10 mg IV Vitamin K prior to 
4F-PCC for warfarin reversal. There are several studied dos
ing strategies that may be used for 4F-PCC, including INR-
based, weight-based, and fixed-dosing options.4 The insti
tution utilizes a fixed-dosing strategy for 4F-PCC dosing 
based on the anticoagulant agent (Appendix A). 

This study was modeled after similar pharmacist-lead 
anticoagulation reversal stewardship programs. Literature 
review of three unique stewardship programs have included 
pharmacist interventions related to recommending 
changes in reversal agent, dose, and further laboratory 
monitoring. Wychowski et al. assessed the effects of im
plementing an anticoagulation stewardship program led by 
clinical pharmacy specialists in a community hospital. The 
program involved daily electronic health record (EHR) re
views to identify high-risk patients on anticoagulants and 
provide targeted recommendations related to pharmaco
kinetic/pharmacodynamic optimization, therapy selection, 
and monitoring. One of the recommendation subcategories 
included anticoagulation reversal with 4F-PCC, vitamin K, 
and protamine. Following implementation, inappropriate 
4F-PCC use decreased from 55.8% to 2.6%, corresponding 
to a reduction in excess drug costs from $104,274 to 
$10,831. This stewardship initiative was associated with 
improved anticoagulant use and patient outcomes, as well 
as substantial cost savings.5 Waheed et al. reported on the 
development of a multidisciplinary blood factor steward
ship program in response to increased off-label use of coag
ulation factors dispensed from the blood bank rather than 
the pharmacy. After blood factor dispensing shifted to 
pharmacy, a stewardship program was implemented by 
pharmacists, hematologists, surgeons, anesthesiologists, 
and intensivists. Utilization of 4F-PCC and recombinant 
factor VIIa (rFVIIa) was assessed for six months before and 
after program implementation. Although overall use of 
these products were similar in both study periods, the pro

gram resulted in a cost-savings of $101,736 within the first 
six months. The authors concluded that a coagulation fac
tor stewardship program can promote more-cost effective 
use of hemostatic agents.6 Procopio et al. evaluated im
plementation of a clinical pharmacist-driven anticoagulant 
reversal program in the setting of suspected bleeding or 
need for an urgent procedure. This program was exclusively 
run by clinical pharmacy specialists that established col
laborative guidelines with physicians. Every order for an 
anticoagulation reversal agent prompted a call to an on-
call clinical pharmacy specialist for approval and consul
tation. It was reported that the primary outcome of he
mostatic efficacy was achieved in 84% of patients within 
24 hours, and 90% in patients who received 4F-PCC. The 
safety outcomes evaluated thromboembolic events within 
30 days and in-hospital mortality. Nine (7.4%) patients de
veloped thromboembolic events after administration of an 
anticoagulation reversal agent, and in-hospital mortality 
was 26%. It was determined that the interventions made by 
the stewardship program resulted in a total medication cost 
avoidance of $1,005,871.78. The authors concluded that 
this was the first study to evaluate the impact of a pharma
cist-driven anticoagulation reversal program on hemosta
sis, safety, and cost outcomes in a real-world population.7 

Prior interventions described in previous literature have 
demonstrated achievement of effective hemostasis after 
anticoagulation reversal, increased appropriateness of an
ticoagulation reversal use, and cost savings of thousands 
of dollars. This study aimed to implement a program at a 
community hospital modeled after those described in prior 
studies, with the goal of achieving similar outcomes. To our 
knowledge, no prior studies have evaluated a stewardship 
program in which all pharmacists at the institution were 
trained to participate in improving the appropriateness of 
4F-PCC use. 

The study institution uses a local anticoagulation rever
sal guideline for pharmacists and providers to guide clinical 
decision making for patients on anticoagulation agents re
quiring reversal for major acute bleeding or emergent sur
gical intervention. With the update in the ACC guidance in 
2020, the study institution revised the local guideline with 
approval from the institutional pharmacy and therapeutics 
committee. All pharmacists and trauma surgery providers 
received targeted education to improve the appropriateness 
of 4F-PCC orders at the institution. This study evaluated 
the appropriateness of 4F-PCC orders, patient safety, and 
cost avoidance before and after implementation of a phar
macist-driven anticoagulation reversal stewardship pro
gram at a community teaching hospital and Level II Trauma 
Center. 

OBJECTIVE 

The purpose of this study was to evaluate the effect of im
plementing a pharmacist-led anticoagulation reversal stew
ardship program on anticoagulation reversal appropriate
ness at a 373-bed community teaching hospital and Level II 
Trauma Center. 
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METHODS 

This study was a single-center retrospective cohort study. 
Patients were identified through a report run in the EHR 
which identified all orders for 4F-PCC from June 1, 2024 to 
March 31, 2025. This report was then reviewed by the prin
cipal investigator and patients were screened using the in
clusion and exclusion criteria described below. The updated 
local anticoagulation reversal guideline was published after 
institutional pharmacy and therapeutics committee ap
proval and education on the updated guidance began on 
January 9, 2025. A report was run through the hospital’s 
electronic health record (EHR) to identify patients. In
formed consent was waived in this investigation and only 
the study investigators had access to protected health in
formation. 

Order verification for patients ordered 4F-PCC was per
formed by any hospital pharmacist at the institution. Order 
verification review occurred 24/7 with 4F-PCC treated as a 
STAT order within the verification queue which may be re
viewed by a centralized or decentralized clinical or general 
pharmacist, depending on the order time and patient’s lo
cation within the hospital. Clinical pharmacy specialists are 
only available Monday-Friday during dayshift at the hospi
tal but were available on-call if needed for clinical support. 
During both the pre- and post-guideline periods, pharma
cists had access to a decision support resource in the form 
of an institutional anticoagulation reversal policy available 
on the hospital’s intranet. Providers ordering 4F-PCC had 
access to clinical decision support tools, including an EPIC-
based anticoagulation reversal order set with an integrated 
checklist pathway for each anticoagulant. Providers also 
had access to the institutional policy to guide appropriate 
anticoagulation reversal. 

Education on the updated local anticoagulation reversal 
guideline and accompanying pharmacist intervention doc
umentation template was delivered as an in-service led by 
the principal investigator during a monthly pharmacy staff 
meeting. Both physical and electronic versions of the edu
cational materials were distributed and made available to 
all staff pharmacists and resident pharmacists. The trauma 
surgery service received targeted education through two 
live presentations by the principal investigator, outlining 
the updated guideline and pharmacist intervention process. 
Additionally, an educational tool addressing the use of 4F-
PCC and vitamin K in cases of supratherapeutic INR sec
ondary to cirrhosis without documented warfarin or Factor 
Xa inhibitor use was developed and electronically distrib
uted to all pharmacy staff and residents. Education efforts 
began concurrently with the implementation of the up
dated guideline on January 9, 2025, and were reinforced pe
riodically through March 31, 2025. Based on historical in
stitutional trends indicating that trauma surgery providers 
were the primary prescribers of 4F-PCC, educational out
reach for providers during this period was focused on this 
service. 

INCLUSION AND EXCLUSION CRITERIA 

Patients were included if they were adults aged 18-89 years 
and ordered 4F-PCC during the study period. Patients were 
excluded if they were ≥90 years old, pregnant, or incarcer
ated. 

PRIMARY ENDPOINT 

The primary endpoint was 4F-PCC appropriateness based 
on indication and dose. Appropriate indications for an
ticoagulation reversal included major acute bleeding at a 
critical site (i.e., intracranial, spinal, intraocular, retroperi
toneal, intraarticular, pericardial, or intramuscular with 
compartment syndrome), bleeding causing a decrease in 
hemoglobin by ≥2 g/dL or leading to transfusion of ≥2 units 
of whole blood or PRBC, or bleeding causing hemodynamic 
instability (i.e., HR ≥100 bpm, SBP <90 mmHg, or decrease 
in SBP ≥40 mmHg) related to known or presumed anticoag
ulation use within 48 hours. Orders for anticoagulation re
versal for emergent surgical intervention were deemed ap
propriate if the surgery was a high-risk bleeding procedure 
or the surgery occurred within 3-4 hours of reversal. High-
risk bleeding procedures were defined based on definitions 
derived from the ACC, which include major cardiovascular 
surgery, neurosurgery, major orthopedic surgery, major ab
dominopelvic and thoracic surgery, and other major cancer 
or reconstructive surgery.5 Appropriate doses were based 
on the local guideline recommendations for fixed dosing 
based on anticoagulation agent (Appendix A). 

In this analysis, the composite endpoint was constructed 
by combining multiple clinically relevant outcomes into a 
single measure to comprehensively assess appropriateness 
of 4F-PCC orders at the institution. Each component was 
weighted equally, where all outcomes contributed the same 
degree of influence to the overall outcome. 

SECONDARY OUTCOMES 

Secondary outcomes included the appropriateness of Vita
min K use, incidence of TEG studies, hospital length of stay 
(LOS), in-hospital mortality, and cost-avoidance. Vitamin K 
orders were considered appropriate based on anticoagula
tion being reversed (i.e., warfarin or other) and dose. Ap
propriate orders were those being used for complete war
farin reversal. Orders were deemed inappropriate if Vitamin 
K was omitted for warfarin reversal and if Vitamin K was 
given for Factor Xa inhibitor reversal without evidence from 
TEG to support its use. Cost avoidance was determined by 
calculating the number of units avoided due to pharmacist 
intervention (i.e., pharmacist recommended dose decrease 
based on weight <65 kg for Factor Xa inhibitor reversal, etc.) 
multiplied by the institution’s average wholesale acquisi
tion cost for 1 unit of 4F-PCC. 

SAFETY OUTCOMES 

Safety outcomes included hemostatic efficacy and throm
botic events. Hemostatic efficacy was defined as re-bleed
ing or bleed expansion after an initial dose of 4F-PCC was 
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provided through hospital discharge. Patients were deter
mined to have re-bleeding or bleed expansion via chart re
view of patient imaging scans or provider notes. Throm
botic events were assessed 24 hours after 4F-PCC 
administration via chart review of patient imaging and 
provider notes. 

DATA ANALYSIS 

For the primary endpoint, categorical variables were eval
uated using Fisher’s exact test. For baseline patient char
acteristics and secondary outcomes, descriptive statistics 
were evaluated using median and interquartile range (IQR). 

RESULTS 

STUDY POPULATION 

The EHR report of 4F-PCC orders yielded 105 patients from 
June 1, 2024 and March 31, 2025. Of the 105 patients, 23 
met exclusion criteria for age ≥90 years, yielding a final 
sample size of 82 patients with 51 enrolled in the pre-
cohort and 31 enrolled in the post-cohort. There was no 
observed difference between median patient age (74 years 
vs. 76 years), anticoagulation, or indications for anticoag
ulation between groups. There were more male than fe
male patients in the pre-cohort group (69% vs. 52%). Apix
aban was the most prevalent anticoagulation agent being 
reversed (72%), with atrial fibrillation being the most com
mon indication for anticoagulation (74%). Renal function 
was evaluated to determine if patients were on appropriate 
renally adjusted doses of Factor Xa inhibitors, if applicable. 
INR and time from last dose were collected to analyze the 
need for reversal for warfarin and Factor Xa inhibitor, re
spectively. Most orders for 4F-PCC at the study institution 
were placed by hospitalists or critical care providers (70%) 
while trauma surgery providers had fewer 4F-PCC orders 
(30%). The baseline characteristics are provided in Table 1. 

Patients met criteria for anticoagulation reversal if they 
had a guideline-supported indication as evidenced by at 
least one of the following: bleeding at a critical site, trans
fusion of ≥2 units of PRBC, hemodynamic instability, or 
emergent surgery. There was a numerical difference in the 
site of major bleeding between cohorts, with gastrointesti
nal bleeding observed more in the pre-cohort than in the 
post-cohort group. Other bleeding sites included genitouri
nary, surgical site, epistaxis, and arteriovenous fistula. Va
sopressor requirements, initiations of massive transfusion 
protocol, and emergent surgical interventions were similar 
between groups. Additional details regarding specific emer
gent procedures sites are listed in Table 2. Other procedure 
sites included pelvic packing, exploratory laparotomy, and 
orthopedic procedures. 

PRIMARY OUTCOME 

Appropriate 4F-PCC orders were defined as a composite of 
indication criteria present, and dosing based on the anti
coagulant being reversed, as stated in the policy update. 
There were 10 patients in the pre-cohort, and 2 patients 

in the post-cohort that had inappropriate 4F-PCC orders 
(20% vs. 6%, P = 0.12). There was some overlap in reasons 
for inappropriate orders as some patients had both an in
appropriate indication for reversal in addition to an incor
rect dose. All instances of inappropriate orders are listed 
in Table 3 to demonstrate the trends observed. The most 
common reason for inappropriate ordering was not meeting 
the policy criterion for major bleeding. Non-emergent surg
eries were defined as those not entering the operating room 
within four hours of 4F-PCC dosing or low-risk bleeding 
procedures. Low-risk bleeding procedures encountered in
cluded surgical incision and drainage, hemorrhoid clipping, 
and flexible sigmoidoscopy. 

While an initial sample size calculation was not per
formed due to the retrospective nature of the study, a post-
hoc analysis was performed to assess the likelihood that the 
study was able to detect the observed difference between 
the pre- and post-cohorts. With sample sizes of 51 patients 
in the pre-cohort, 31 patients in the post-cohort, and an 
observed P-value of 0.12, the estimated power to detect 
the difference was approximately 34%, indicating that the 
study was underpowered. Based on the observed effect size, 
a total of approximately 194 patients (97 in each group) 
would have been required to achieve 80% power at a two-
sided alpha of 0.05. 

SECONDARY OUTCOMES 

Vitamin K orders were considered appropriate if it was ad
ministered to reverse warfarin or if patients had a pro
longed reaction time on TEG and if the dose was 5-10 mg 
administered via the IV route. There were 14 patients or
dered Vitamin K in the pre-cohort, and 7 patients with or
ders in the post-cohort. There were 10 inappropriate Vita
min K orders in the pre-cohort, and 5 inappropriate orders 
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Table 1. Baseline characteristics   

Pre-cohort (n=51) Post-cohort (n=31) 

Median age, years (IQR) 74 (67 - 81) 76 (68 - 83) 

Male sex, n (%) 35 (69) 16 (52) 

Median serum creatinine, mg/dL (IQR) 1.06 (0.86 - 1.33) 1.25 (0.91 - 1.68) 

Anticoagulant, n (%) 
Apixaban 
Rivaroxaban 
Warfarin 
No anticoagulation 

37 (73) 
8 (16) 
6 (12) 
0 (0) 

22 (71) 
3 (10) 
4 (13) 
2 (6) 

Indication for anticoagulation, n (%) 
Atrial fibrillation 
Thromboembolism (DVT and/or PE) 
Atrial fibrillation + thromboembolism 
Other 

39 (76) 
8 (16) 
2 (4) 
2 (4) 

22 (71) 
5 (16) 
1 (3) 
3 (10) 

Mean baseline INR, warfarin only (SD) 2.7 (±0.6) 3.4 (±1.8) 

Mean hours from last presumed dose, Factor Xa inhibitors only (SD) 14.2 (±6.7) 16.8 (±11.8) 

Ordering service, n (%) 
Trauma Surgery 
Internal Medicine/Critical Care 

15 (29) 
36 (71) 

10 (32) 
21 (68) 

Table 2. Criteria for anticoagulation reversal     

Criteria met for reversal, n (%) Pre-cohort (n=51) Post-cohort (n=31) 

Bleeding at critical site 
Transfused ≥2 units PRBC 
Hemodynamic instability 
Emergent surgery 
Did not meet criteria 

13 (25) 
14 (27) 
6 (12) 
6 (12) 
12 (24) 

13 (42) 
8 (26) 
4 (13) 
1 (3) 
5 (16) 

Site of major bleed, n (%) Pre-cohort (n=42) Post-cohort (n=26) 

Gastrointestinal 
Intracranial 
Pulmonary 
Other 

20 (39) 
11 (22) 
3 (6) 
8 (33) 

8 (26) 
13 (42) 
1 (3) 
4 (15) 

Vasopressor requirement within 24 hours of 4F-PCC, n (%) 
At least 1 vasopressor 
≥2 vasopressors 

5 (12) 
6 (14) 

6 (23) 
3 (12) 

Massive transfusion protocol, n (%) 4 (10) 4 (15) 

Emergent surgery site, n (%) Pre-cohort (n=13) Post-cohort (n=8) 

Intracranial 
Gastrointestinal 
Hernia repair 
Other 

1 (8) 
5 (38) 
2 (15) 
6 (23) 

2 (25) 
1 (13) 
1 (13) 
4 (50) 

Table 3. Primary endpoint, 4F-PCC appropriateness     

Pre-cohort (n=51) Post-cohort (n=31) P 

4F-PCC inappropriate orders, n (%) 10 (20) 2 (6) 0.12 

Composite components Pre-cohort (n=10) Post-cohort (n=2) 

Inappropriate indication, n 
Did not meet criterion for major bleeding 
Non-emergent surgery 
No anticoagulation 

9 
3 
0 

1 
1 
2 

Incorrect dose, n 2 2 
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Table 4. Secondary endpoint, Vitamin K appropriateness      

Pre-cohort (n=14) Post-cohort (n=7) 

Vitamin K inappropriate orders, n (%) 10 (71) 5 (71) 

Vitamin K omission for warfarin reversal, n 1 1 

No indication for Vitamin K, n 
Factor Xa inhibitor reversal 
No anticoagulant being reversed, no TEG 

8 
0 

4 
1 

Incorrect dose, n 1 0 

Table 5. Secondary outcomes, TEG, hospital LOS, in-hospital mortality, cost avoidance          

Pre-cohort (n=51) Post-cohort (n =31) 

TEG studies ordered, n (%) 7 (14) 3 (10) 

Mean hospital LOS, days (SD) 10.4 (±10) 8.9 (±6) 

In-hospital mortality, n (%) 6 (12) 3 (10) 

Acquisition cost avoided $12,040.60 

Acquisition cost avoided, annualized $48,162.40 

in the post-cohort (71% vs. 71%, P = 1.0). As stated previ
ously, there was some overlap for reasons for inappropriate 
Vitamin K orders as some patients may have met multiple 
inappropriate criteria, though they were counted only once 
if this occurred. All instances of inappropriate Vitamin K 
orders are listed in Table 4. 

Other secondary outcomes included incidence of TEG 
studies, mean hospital LOS, in-hospital mortality, and ac
quisition cost avoided. TEG studies, while underutilized at 
the institution, are typically used in trauma surgery or criti
cal care patient populations to assess coagulopathies. It can 
be used to guide the use and dosing of 4F-PCC prior to ad
ministration, as well as post-administration to confirm cor
rection of coagulopathy. 

Acquisition cost was calculated by multiplying the units 
avoided by the average wholesale price per unit of 4F-PCC 
($1.30). Units avoided was calculated as the sum of 4F-
PCC units not given to a patient because of an appropriate 
pharmacist intervention recommending withholding rever
sal therapy. The average wholesale price per unit figure 
was calculated from three orderable products found on the 
wholesaler electronic ordering platform, in which prices 
may vary per day. Table 5 demonstrates the breakdown of 
secondary outcomes between cohorts. 

The pharmacists evaluating 4F-PCC orders documented 
the performance of a targeted medication reconciliation 
and/or patient chart review 6 times in the pre-cohort and 
27 times in the post-cohort (12% vs. 87%, P <0.001). Phar
macists intervened on 5 orders in the pre-cohort and 12 
orders in the post-cohort. Pharmacist interventions were 
communicated to ordering providers via secure EHR mes
saging, telephone calls, or in-person discussion depending 
on clinical urgency and provider availability. Examples of 
interventions the pharmacists made included recommend
ing withholding 4F-PCC, adding Vitamin K for warfarin re
versal, and withholding Vitamin K for Factor Xa inhibitor 
reversals. Recommendations to withhold 4F-PCC were en

couraged if anticoagulation had been held for ≥48 hours, in 
the setting of non-life-threatening or non-emergent indi
cations (i.e. epistaxis, gastrointestinal bleeding, etc. with
out hemodynamic instability or drop in hemoglobin ≥2 g/
dL). Other interventions included targeted medication his
tory or recommending TEG studies if an unknown time ex
isted from the last anticoagulant dose. 

SAFETY OUTCOMES 

Safety outcomes included hemostatic efficacy and throm
botic events. The rates of each safety outcome are demon
strated in Table 7. There were no thrombotic events re
ported in either group through patients’ hospital length of 
stay after anticoagulation reversal. 

One patient with bleed expansion in the pre-cohort re
ceived 4F-PCC without meeting the major bleeding crite
rion per the guideline. Two patients in the pre-cohort that 
experienced re-bleeding or bleed expansion also experi
enced in-hospital mortality. There was no overlap between 
patients within these outcomes. 

The guideline allows for repeat doses of 500 units, which 
were not formally evaluated as a safety outcome in this 
study. However, two patients received repeat doses that 
were deemed appropriate based on the same criteria re
quired for reversal (i.e., dose, bleeding at a critical site, he
modynamic instability, transfused ≥2 units PRBC, etc.). 

DISCUSSION 

Previous literature has shown that pharmacist-driven anti
coagulation stewardship programs can improve hemostatic 
outcomes, enhance the appropriateness of reversal agent 
use, and generate substantial cost-savings. This report de
scribes a stewardship program that focused on engaging 
all pharmacists in optimizing 4F-PCC appropriateness at 
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Table 6. Pharmacist interventions   

Pre-cohort (n=51) Post-cohort (n=31) P 

Pharmacist documentation, n (%) 6 (12) 27 (87) <0.001 

Pharmacist interventions Pre-cohort (n=5) Post-cohort (n=12) 

Dose recommendation 
Withhold 4F-PCC 
Add Vitamin K 
Withhold Vitamin K 

4 (80) 
0 (0) 
0 (0) 
1 (20) 

5 (42) 
5 (42) 
1 (8) 
1 (8) 

Table 7. Safety outcomes, hemostatic efficacy and thrombotic events        

Pre-cohort (n=51) Post-cohort (n =31) 

Hemostatic efficacy, n (%) 
Re-bleeding 
Bleed expansion 

3 (6) 
3 (6) 

0 (0) 
1 (3) 

Thrombotic events, n (%) 0 (0) 0 (0) 

the study institution. Many of the outcomes evaluated in 
this study were modeled after those in previous research.5‑7 

Outcomes such as 4F-PCC appropriateness, hemostatic ef
ficacy, thrombotic events, hospital LOS, in-hospital mortal
ity, and cost avoidance have been demonstrated to provide 
a comprehensive understanding of both clinical and oper
ational impact. Current literature predominantly empha
sizes the role of clinical pharmacists in the development 
and implementation of anticoagulation stewardship pro
grams, often through consultation and approval services or 
updates to existing clinical guidelines.5‑7 While this study 
also implemented an updated clinical guideline, it was ac
companied by comprehensive education for the entire 
pharmacist staff at the institution. Additionally, trauma 
surgery providers received education about the protocol 
as previous trends indicated that trauma surgery providers 
were the primary prescribers of 4F-PCC at the institution. 
By aligning the outcome measures and implementation 
strategies with those previously reported, this study allows 
for comparison of results across different practice settings. 

There was an increase in appropriate 4F-PCC orders be
tween the pre- and post-cohort due to a non-significant 
decrease in inappropriate 4F-PCC orders (10 [20%] vs. 2 
[6%] P = 0.12). This is attributed to documented pharmacist 
interventions that resulted in appropriately decreased 4F-
PCC use. Pharmacists also significantly increased their doc
umentation of 4F-PCC order analysis (6 [12%] vs. 27 [87%]). 
Secondary outcomes were not significantly different be
tween groups. The guideline update did not influence the 
appropriateness of Vitamin K orders nor safety outcomes in 
patients at the institution. 

While the implementation of this project did not achieve 
statistical significance or cost savings seen in previous lit
erature, the trends suggest a meaningful reduction in in
appropriate 4F-PCC use and highlight the potential impact 
of targeted stewardship interventions. This project demon
strates a need for more education for pharmacists and 
providers on anticoagulation reversal appropriateness. In
creased familiarity and exposure to the guideline update 

would yield increased adherence to its evidence-based rec
ommendations in provider orders as well as pharmacist 
review upon verification for reversal appropriateness. Al
though pharmacist clinical review increased significantly 
with an 87% adherence rate for documentation after the 
guideline was updated. Cost avoidance was less substantial 
because Andexanet alfa is not available at the study insti
tution, as avoidance of its inappropriate use in previous lit
erature would likely have a much greater financial impact. 

Patients who are not receiving anticoagulation therapy 
but are ordered 4F-PCC represent a clinically complex sub
group, often characterized by underlying coagulopathies 
such as cirrhosis or acute hepatic dysfunction. In these 
cases, the decision to administer 4F-PCC is challenging be
cause the hemostatic imbalance does not necessarily reflect 
a simple deficiency of clotting factors but rather a fragile 
hemostatic state. The use of 4F-PCC in this context may 
theoretically exacerbate thrombotic risk without providing 
clear benefit.8,9 An education tool for pharmacists was de
veloped to address these scenarios by explicitly defining ap
propriate indications for 4F-PCC use and discouraging its 
use in patients with elevated INR values solely due to liver 
disease coagulopathies, emphasizing the potential harms 
and alternative management strategies. Bleeding during 
cardiac surgery was not included as an appropriate indica
tion for 4F-PCC in this analysis, as historical practice at the 
institution did not involve its use for this purpose and pa
tient review confirmed no cases during the study period. 
However, an order set for this indication does exist, and use 
in this setting would not be considered inappropriate, as 
practice patterns may vary across institutions. Referral of 
these cases to a clinical pharmacy specialist was encour
aged to ensure alternate therapy options were discussed 
with the primary team for appropriate management. It is 
worth considering the use of TEG as an alternative recom
mendation for coagulopathic patients not on anticoagula
tion to better guide treatment decisions. In this study there 
were observed orders for 4F-PCC for patients not on antico
agulant agents. Education was targeted to pharmacist and 
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trauma surgery providers; however, it was found most pa
tients ordered 4F-PCC were from providers from other ser
vice lines at the study institution. 

LIMITATIONS 

This was a retrospective pre-cohort and post-cohort chart 
review, thus availability and accuracy of data collected may 
be limited due to documentation. This was a short study 
period with a small sample size, which was not powered to 
detect statistical significance. The post-hoc analysis find
ings suggest that the non-significant primary outcome may 
be attributable to insufficient sample size rather than the 
absence of a true difference between pre- and post-stew
ardship program implementation. This highlights the need 
for larger studies to more definitively evaluate the impact 
of a similar pharmacist-driven program. 

Further regarding the availability of data, pharmacists 
on order verification of 4F-PCC would have difficulty as
sessing patients that did not have an accurate medication 
history as their appropriateness for reversal would be un
known. This might also apply to patients who receive sam
ples or coupons for Factor Xa inhibitors, pay cash for their 
medications, use a pharmacy not participating in data shar
ing within the EHR (such as Veterans Affairs programs), or 
present from a facility without a medication list. It would 
be unclear whether anticoagulation reversal was appropri
ate for these patients, requiring more information gath
ering than time may allow due to the emergent need for 
medication administration. Patients not on anticoagulant 
medication but presenting with coagulopathies (i.e., due 
to cirrhosis, thrombocytopenia, uremia, etc.) and given 4F-
PCC were also captured in this study as well as intra- and 
post-operative cardiac surgery patients. This internal 
guideline did not address these subsets of patients, which 
posed some difficulty for pharmacists to assess appropri
ateness for the reversal agent. 

Only a single provider group was targeted for education 
in this initiative, as the live educational sessions were de
livered exclusively by the principal investigator. Time con
straints and the limited availability of the principal inves
tigator restricted the ability to offer sessions to additional 
prescriber groups. Provider education was limited to the 
trauma surgery service based on historical institutional 
trends indicating that these providers were the primary 
prescribers of 4F-PCC. This may have limited the overall 
reach and impact of the guideline update on prescribing 
practices. By excluding hospitalists and critical care physi
cians from the education sessions, these providers were 
only made aware of the guideline update if pharmacists en
countered their orders for 4F-PCC, if they attended phar
macy and therapeutics committee where approval of the 
guideline update was presented for voting, or if they were 
to seek guidance from the electronic version of the guide
line available on the institution’s intranet. It was observed 
that most 4F-PCC orders were placed by the provider pop
ulations that did not receive education. This may be at
tributable to the hospital expanding neurosurgical services 
during the post-implementation period which resulted in 

intensivists taking on a higher volume of anticoagulation 
reversal orders than in the past. Perhaps this was also a re
sult of the education for trauma surgery providers leading 
to a decrease in inappropriate orders. Future studies should 
expand educational interventions to encompass all pre
scriber groups to maximize the impact on the appropriate
ness of anticoagulation reversal prescribing. 

Although baseline characteristics were similar between 
pre- and post-implementation groups, the analysis could 
be strengthened by employing additional statistical meth
ods that account for temporal trends and potential con
founders. An interrupted time series analysis would allow 
for evaluation of changes in prescribing patterns or out
comes over multiple time points, providing a more robust 
assessment of the intervention’s effect beyond simple pre- 
and post- comparisons. 

Another limitation includes utilization of acquisition 
cost of 4F-PCC vials to calculate cost avoidance rather than 
true hospital cost. Acquisition cost does not capture the 
full economic burden associated with product use, such as 
storage, preparation, or administration. Pricing for 4F-PCC 
can also vary substantially across institutions due to differ
ences in contracting terms, purchasing volume, and nego
tiated discounts. Retrospective cost calculations also have 
inherent limitations including the completeness of admin
istration documentations, particularly for agents billed by 
activity units when the exact administered dose is not con
sistently recorded. This can lead to imprecise cost esti
mates and potential misrepresentation of true financial im
pact, limiting the generalizability of cost comparisons. 

With regards to the safety endpoints, there was limited 
follow-up, specifically for thrombotic events due to the 
short timeframe of the study. Limiting the assessment of 
thrombotic complications to the period of hospitalization 
likely underestimates the true incidence of thrombotic 
events. Thrombotic complications including VTE and is
chemic stroke may occur days to weeks after discharge, par
ticularly among patients with ongoing prothrombotic risk 
or recent exposure to reversal agents such as 4F-PCC.10 

This was chosen as a safety endpoint but with the ability 
to only follow patients through their encounter, it is possi
ble these events may have occurred but were unable to be 
captured after hospital discharge. Extending surveillance 
beyond discharge would be essential to capture delayed 
events and more accurately characterize the long-term 
safety profile of anticoagulation reversal. 

The generalizability of the results is limited due to the 
study setting being a single-center, suburban community 
hospital, and Level II trauma center. Large academic med
ical centers with multidisciplinary teams and dedicated 
clinical pharmacists may implement programs more read
ily, whereas smaller hospitals may face challenges with lim
ited clinical pharmacy staff, dissemination and education 
on updated clinical guidance, and openness to pharmacist-
driven interventions. Successful replication of an anticoag
ulation stewardship program at other institutions would re
quire adequate pharmacy staffing, collaborative guideline 
development with clinicians, structured staff education, 
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and integration within the EHR for real-time clinical deci
sion support. 

CONCLUSION 

The implementation and education on the updated evi
dence-based guideline resulted in a non-significant de
crease in inappropriate 4F-PCC orders. It did not influence 
the appropriateness of Vitamin K orders nor affect hemo
static efficacy or thrombotic events in patients at the study 
institution. With the rejection of five inappropriate 4F-PCC 

orders over the three-month post-cohort timeframe, a pro
jected annual cost avoidance of $48,000 was observed. 
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