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, Abstract—Background: Reversal of anticoagulation
with four-factor prothrombin complex concentrate (4F-
PCC) is critical, yet the optimal timing to 4F-PCC adminis-
tration andwhether quicker administration improves hemo-
stasis remains unknown. Objective: The objective of this
study was to determine if pharmacist presence is predictive
of faster time to 4F-PCC. Methods: This retrospective
cohort study included patients receiving 4F-PCC for life-
threatening bleeding or urgent procedure in the emergency
department (ED) from 2014 to 2018. Patients with pharma-
cists at bedside (PharmD group) were compared with physi-
cian teams alone (control group). The primary outcome was
time from ED presentation to 4F-PCC administration. Re-
sults: Of 252 patients evaluated, 116 patients (46%) were
included (n = 50 PharmD group; n = 66 control group).
Most patients presented on warfarin (68.1%), and of the
life-threatening bleeds (94%), intracranial hemorrhage
was most common (67.2%). The median time to 4F-PCC
administration was significantly shorter in the PharmD
group (66.5 vs. 206.5 min, p < 0.001). Pharmacist at bedside
was the only factor independently associated with reduction
in time to 4F-PCC (b coefficient �163.5 min, 95% confi-
dence interval �249.4 to �77.7). Although there was no dif-
ference in hemostasis or mortality, patients in the PharmD
group had a shorter intensive care unit length of stay
(LOS) (2 vs. 5 days, p < 0.01) and hospital LOS (5.5 vs.
8 days, p = 0.02). Conclusion: A pharmacist at the bedside
of patients who present to the ED with life-threatening
bleeding or need for emergent procedure decreased time
to 4F-PCC administration by 140min, even after accounting
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for confounders. Faster time to 4F-PCC was associated with
significantly shorter intensive care unit and hospital
LOS. � 2019 Elsevier Inc. All rights reserved.

, Keywords—prothrombin complex concentrate; intra-
cranial hemorrhage; gastrointestinal bleed; pharmacist;
anticoagulant reversal; anticoagulation
INTRODUCTION

Four-factor prothrombin complex concentrate (4F-PCC)
is indicated for the treatment of acute major bleeding in
patients with acquired deficiency of vitamin K-dependent
clotting factors from the use of vitamin K antagonists
(VKA), such as warfarin (1). It has also been routinely
administered off-label for life-threatening hemorrhage
associated with non-VKA anticoagulation, including da-
bigatran, rivaroxaban, apixaban, and edoxaban (2). The
American College of Chest Physicians, the Neurocritical
Care Society, and the Society of Critical Care Medicine
guidelines recommend the use of 4F-PCC for anticoagu-
lation reversal in patients experiencing VKA-associated
major bleeding or necessitating urgent surgical interven-
tion (3,4).

In patients with VKA-associated intracranial hemor-
rhage (ICH), 4F-PCC showed a reduction in hematoma
expansion rates, as compared with fresh frozen plasma
19;
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(FFP), due to faster normalization of the international
normalized ratio (INR) (5). Although time to anticoagu-
lation reversal can be critical, available literature lacks
definitive evidence regarding the optimal timing of
administration of 4F-PCC to maximize clinical out-
comes. In a small retrospective study of 45 patients
who presented to the emergency department (ED) with
a VKA-associated ICH, 4F-PCC administration of fewer
than 200 min of patient presentation was associated with
less hemorrhagic expansion of ICH on repeat imaging, as
compared with patients who received 4F-PCC after
200min of presentation (6). Presently, no study has exam-
ined the effect of faster 4F-PCC administration on life-
threatening bleeding due non-VKA anticoagulation and
clinical outcomes, such as length of stay (LOS), hemosta-
sis, and mortality.

The decision to reverse anticoagulation, as well as
the complex dosing and preparation requirements of
4F-PCC, may delay time to administration (7). Clinical
pharmacists work alongside physicians and nurses at
the bedside to optimize pharmacotherapy, increase effi-
ciency and cost-effectiveness of care, and ultimately
improve patient safety outcomes (8,9). Interventions
targeting a faster time to administration of 4F-PCC,
including pharmacists at the bedside, have not been
evaluated. Therefore, the purpose of this study is to
evaluate the impact of a clinical pharmacist in the
treatment of life-threatening bleeding or urgent proced-
ure requiring anticoagulant reversal.
MATERIALS AND METHODS

Methods

We conducted a retrospective cohort study of patients
who presented to the Loyola University Medical Center
ED with a life-threatening bleed or requiring an urgent
procedure necessitating anticoagulation reversal with
4F-PCC. We reviewed the electronic medical records of
consecutive patients for whom an order for 4F-PCC was
placed from January 2014 to November 2018. Patients
over the age of 18 years on oral anticoagulation (including
warfarin, dabigatran, rivaroxaban, apixaban, or edoxa-
ban) necessitating rapid reversal given life-threatening
bleeding or need for emergent procedural or surgical
intervention were included. The following patients were
excluded: age less than 18 years, receipt of 4F-PCC
outside of the ED setting (e.g., in the intensive care unit
[ICU] or operating room), 4F-PCC administration at an
outside hospital prior to arrival at our ED, receipt of 4F-
PCC for any indication aside from life-threatening
bleeding or urgent procedure, concurrent factor VII use,
history of heparin-induced thrombocytopenia, known
disseminated intravascular coagulation, and receipt for
idarucizumab for dabigatran-associated bleeding. The
research protocol was approved by the Loyola University
Medical Center Institutional Review Board.

We compared patients with a pharmacist at the bedside
(PharmDgroup) to a physician team alone (control group).
At our institution, clinical pharmacists obtained medica-
tion histories regarding anticoagulant and time of last
dose, assessed the appropriateness of 4F-PCCuse and con-
traindications to 4F-PCC, facilitated appropriate order en-
try, ensured co-administration of phytonadione for
warfarin-associated bleeding, and recommended appro-
priate post-administration laboratory follow-up. Although
4F-PCC is reconstituted at the central pharmacy of our
institution, clinical pharmacists communicated with the
intravenous preparatory area in central pharmacy to ensure
timely bedside delivery of 4F-PCC. Moreover, a clinical
pharmacist was typically present in the ED during week-
days and not typically present during nights andweekends.
Specifically, an emergency medicine clinical pharmacist
was present in the ED from 9:30 AM to 10:00 PM on Mon-
days andFridays and from9:30 AM to 6:00 PM onTuesdays,
Wednesdays, and Thursdays. The ICU clinical pharmacist
responded to stroke/ICH codes from 6:00 PM to 10:00 PM

on Tuesdays, Wednesdays, and Thursdays, and on the
weekends. Pharmacist presence was confirmed through a
review of the electronic medical record, where clinical
pharmacist standard practice includes documentation of
involvement in the form of medication interventions or
progress notes. Epic (Verona,WI) was the electronic med-
ical software that we utilized throughout the study period.

Endpoints

The primary endpoint was time to 4F-PCC administra-
tion, defined as the length of time from ED presentation
to the recorded start of 4F-PCC administration. Second-
ary endpoints were achievement of hemostasis, number
of transfusions (e.g., packed red blood cell, platelet, and
FFP), appropriateness of clinical use, safety outcomes,
discharge disposition, ICU LOS, hospital LOS, and 30-
day mortality. As hemorrhages on multiple oral anticoag-
ulants were included, the achievement of hemostasis was
determined using the definition by the International Soci-
ety of Thrombosis and Hemostasis Scientific and Stan-
dardization Subcommittee criteria for the assessment of
the effectiveness of major bleeding management to
ensure assessments were objective and consistent (10).
Hemostasis for ICH was defined as stabilization or a
< 35% increase in hematoma volume on imaging. Hemo-
stasis for visible bleeding was defined as the cessation of
visible bleeding within 4 hours of 4F-PCC administra-
tion. Hemostasis for nonvisible bleeding was defined as
stable hemoglobin at 48 hours after 4F-PCC administra-
tion. Incidence of adverse events during hospitalization



252 patients
received 4F-PCC
from Jan 2014 to

Nov 2018

116 patients
included

Pharmacist at bedside:
PharmD Group

(n=50)

Physician team alone:
Control Group

(n=66)

136 patients excluded:
4F-PCC administration outside of ED (n=131)

4F-PCC ordered but never administered (n=1)

Hematologic disorder indication (n=3)
Pediatric patient not on anticoagulation (n=1)

Figure 1. Patient enrollment. 4F-PCC= four-factor prothrom-
bin complex concentrate. ED = emergency department.
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was collected, including deep vein thrombosis, pulmo-
nary embolism, ischemic stroke, arterial thrombus, hy-
persensitivity reaction, transfusion-related acute lung
injury, and transfusion-associated circulatory overload.

Data Collection

The baseline characteristics that we collected included:
age, gender, race, weight, body mass index, past medical
history, indication for anticoagulation, sequential organ
failure assessment score on admission, Glasgow Coma
Scale (GCS) score on admission, anticoagulant therapy,
and concomitant antiplatelet therapy. Initial laboratory
data included baseline INR for warfarin-associated
bleeds, and baseline hemoglobin and platelets for the
entire study cohort. The type and location of hemorrhage
were recorded for patients who presented with life-
threatening bleeding. The type of surgery or procedure
was recorded for patients on oral anticoagulation who
required emergent reversal for the urgent surgery or pro-
cedure. Using the electronic medical record, the time-
stamp of first provider contact and timestamp of 4F-
PCC administration were obtained and used to calculate
time to 4F-PCC administration. We also collected the
timestamp of 4F-PCC order entry in the electronic med-
ical record to 1) calculate the time from ED patient pre-
sentation to 4F-PCC order entry and 2) calculate the
time of 4F-PCC order entry to the time of 4F-PCC admin-
istration. Moreover, the appropriateness of 4F-PCC
dosing (units/kg), as well as the timing and route of phy-
tonadione co-administration, were obtained. We also
collected the day of the week (weekday vs. weekend)
and time of shift (morning [7:01 AM to 7:00 PM] vs. eve-
ning [7:01 PM to 7:00 AM]) that 4F-PCC was administered.
All study data were collected and managed using
Research Electronic Data Capture (REDCap; Vanderbilt
University, Nashville, TN) electronic data capture
tools (11).

Statistical Analyses

Descriptive statistics including mean (6 standard devia-
tion) or median (interquartile range), as appropriate, and
proportions were used to characterize baseline demo-
graphics. The Shapiro-Wilk test was used to determine
the normality of data. Continuous data that were normally
distributed were analyzed using a t-test. Nonparametric
continuous data were analyzed using a Mann-Whitney
U test. Chi-squared and Fisher’s exact tests were used
to analyze categorical data. We also conducted a multi-
variable linear regression analysis to determine predictors
of faster time to 4F-PCC administration and account for
confounders. Variables based on prior literature and
from the univariate analyses with a p-value # 0.2 were
evaluated for inclusion into the regression analysis (12).
Based on previous literature, a 19-min difference was
anticipated, which warranted at least 48 patients in each
group to meet a power of 80% (13). We analyzed the
data using Microsoft Excel (Microsoft Corporation,
Redmond, WA) and SPSS (Version 21.0; IBM Corp,
Armonk, NY).
RESULTS

Of the 252 patients that received 4F-PCC during the study
period, 116 patients (46%) were included in the study.
The most common reason for exclusion was 4F-PCC
administration outside of the ED (e.g., in the ICU or the
operating room; Figure 1). Of the 116 patients included,
50 patients had a clinical pharmacist at the bedside
(PharmD group), and 66 patients had a physician team
alone (control group). Baseline characteristics were
well matched across both treatment groups (Table 1).
The most common indication for anticoagulation was
atrial fibrillation (70% vs. 75.8%, p = 0.49), and the
most common anticoagulant prescribed in the cohort
was warfarin (64% vs. 71.3%, p = 0.41). The PharmD
group had a lower, albeit nonsignificant, median GCS
score on admission, as compared with the control group
(12.5 vs. 15, p = 0.19).

4F-PCC administration data were similar between
groups. The majority of 4F-PCC administration was
due to life-threatening bleeding (98% vs. 90.1%,
p = 0.84), with the most common type of bleed presenting
as an ICH (67.3% vs. 75%, p = 0.80). The median time to
4F-PCC administration was significantly shorter in the
PharmD group as compared with the control group
(66.5 min vs 206.5 min, p < 0.01; Figure 2). Furthermore,
the median times from ED patient presentation to 4F-
PCC order entry, as well as from 4F-PCC order entry to
4F-PCC administration, were significantly shorter in the
PharmD group (Table 2). Although there were no differ-
ences in the median number of packed red blood cell or
platelet transfusions, patients in the PharmD group



Table 1. Baseline Characteristics

Baseline Characteristic PharmD (n = 50) Control (n = 66) p-Value

Male sex, n (%) 35 (70%) 37 (56%) 0.13
Age at bleed (years), median (IQR) 77.6 (69.2–86) 71.8 (60–83.7) 0.89
Weight (kg), median (IQR) 89.9 (79.1–100.7) 80.7 (66–95.4) 0.08
BMI (kg/m2), median (IQR) 29.9 (24–35.8) 27.9 (23.4–32.4) 0.26
Race, n (%)

Caucasian 33 (66%) 42 (63.4%) 0.53
African American 12 (24%) 16 (24.2%) 0.93
Hispanic 4 (8%) 3 (4.6%) 0.44
Asian 1 (2%) 2 (3.1%) 0.73
Other 0 (0%) 3 (4.6%) 0.13

Indication for anticoagulation, n (%)
Atrial fibrillation 35 (70%) 50 (75.8%) 0.49
Deep vein thrombosis 8 (16%) 6 (9%) 0.26
Pulmonary embolism 5 (10%) 6 (9%) 0.87
Cancer with VTE 1 (2%) 0 (0%) 0.25
Mechanical mitral valve 6 (12%) 13 (19.7%) 0.27
Ventricular assist device 1 (2%) 1 (1.5%) 0.84
History of VTE 0 (0%) 2 (3%) 0.21

SOFA score on admission, median (IQR) 3.5 (0–7.5) 3 (1–5) 0.89
GCS score on admission, median (IQR) 12.5 (8.5–15) 15 (14–15) 0.19
Anticoagulant prescribed, n (%)

Warfarin 32 (64%) 47 (71.3%) 0.41
Rivaroxaban 9 (18%) 9 (13.6%) 0.52
Apixaban 8 (16%) 9 (13.6%) 0.72
Edoxaban 1 (2%) 0 (0%) 0.25
Dabigatran 0 (0%) 1 (1.5%) 0.38

Concomitant antiplatelet, n (%)
Aspirin 9 (18%) 10 (15.2%) 0.68
Clopidogrel 12 (24%) 17 (25.8%) 0.83
Prasugrel 0 (0%) 3 (4.5%) 0.13
None 29 (58%) 36 (54.5%) 0.71

IQR = interquartile range; BMI = body mass index; VTE = venous thromboembolism; SOFA = sequential organ failure assessment;
GCS = Glasgow Coma Scale.
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receive a fewer mean number of FFP transfusions as
compared with the control group (0.20 vs. 0.56,
p = 0.04; Table 3). Yet, significantly more patients in
the PharmD group presented on weekdays and during
the AM shift (Table 2).

There were 79 patients (68.1%) in the cohort that pre-
sented with a warfarin-associated hemorrhage. The me-
dian INR on admission (2.7 vs. 2.8, p = 0.65) and the
median INR up to 24 hours post 4F-PCC (1.2 vs. 1.2,
p = 0.65) were similar among groups. No differences
were seen in regards to the i.v. route of phytonadione
administration (96.9% vs. 85.1%, p = 0.88) among
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Figure 2. Median (interquartile range) time to four-factor
prothrombin complex concentrate (4F-PCC) administration
among study groups.
groups. However, more patients in the PharmD group
received phytonadione co-administration, as compared
with the control group (32 [100%] vs 43 [91.4%],
p = 0.09).

There were no differences in hemostasis or safety out-
comes between the two groups (Table 3). Patients in the
PharmD group were found to have a significantly shorter
ICU LOS and hospital LOS (Figure 3). More patients in
the PharmD group were discharged to home (19 [38%]
vs. 13 [19.7%], p = 0.03), whereas more patients in the
control group were discharged to a long-term care facility
or nursing home (21 [42%] vs. 40 [60.6%], p = 0.06).
Finally, there were no differences seen in-hospital mortal-
ity (10 [20%] vs. 13 [19.7%], p = 0.57) or death within
30 days of 4F-PCC administration (11 [22%] vs. 14
[21.2%], p = 0.55) among groups.

A planned multivariable linear regression was con-
ducted to explore predictive factors associated with
reduced time to 4F-PCC and to account for confounding
variables. The following variables were included in the
analysis: weight, pharmacist at the bedside, baseline
INR, GCS on admission, weekday presentation, and day-
shift presentation. A clinical pharmacist at the bedside
was the only factor independently associated with a



Table 2. 4F-PCC Administration Characteristics

Characteristic PharmD (n = 50) Control (n = 66) p-Value

4F-PCC indication, n (%)
Life-threatening bleed 49 (98%) 60 (90.1%) 0.84
Urgent surgery or procedure 1 (2%) 6 (9.9%) 0.65

Type of bleed, n (%)*
Intracranial bleeding 33 (67.3%) 45 (75%) 0.80
Visible bleeding 13 (26.6%) 13 (21.7%) 0.42
Nonvisible bleeding 3 (6.1%) 2 (3.3%) 0.44

4F-PCC day of the week, n (%)
Weekday (Monday, Tuesday,

Wednesday, Thursday, Friday)
47 (94%) 42 (63.4%) < 0.01

Weekend (Saturday, Sunday) 3 (6%) 24 (36.6%) < 0.01
4F-PCC shift, n (%)

Morning (0701 to 1900) 40 (80%) 28 (42.4%) < 0.01
Evening (1901 to 0700) 10 (20%) 38 (57.6%) < 0.01

Time (minutes) from patient presentation
to ED to 4F-PCC order entry, median
(IQR)

22.5 (10–50) 123 (60.7–225.3) < 0.01

Time (minutes) from 4F-PCC order entry
to 4F-PCC administration, median
(IQR)

34.5 (24.3–41) 43.5 (32–60.8) 0.02

4F-PCC dose (units/kg), median (IQR) 25.2 (22.6–27.8) 27.2 (22.4–32) 0.50
Appropriate 4F-PCC dose, n (%) 48 (96%) 61 (92.4%) 0.42

4F-PCC = four-factor prothrombin complex concentrate; ED = emergency department; IQR = interquartile range.
* Denominator for PharmD group is 49 and for control group is 60 based on the life-threatening bleeding patient cohort.
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reduction in time to 4F-PCC administration (b coefficient
�163.5 min, 95% confidence interval �249.4 to �77.7;
Table 4). Multicollinearity was evaluated and the vari-
ance inflation factor for each variable was 1.55 or less,
indicating that the benefit of pharmacist presence is not
confounded by other factors in the model (e.g., weekend
or overnight presentation).
Table 3. Hemostasis and Safety Outcomes

Intracranial Bleeding Hemostasis

Hematoma volume stable or increased by < 35% as compared with
baseline, n (%)

Deterioration in GCS at 24 h, n (%)
Need for further hemostatic agents or coagulation factors at 48 h, n (%

Visible bleeding hemostasis

Cessation of visible bleeding within 4 h of 4F-PCC administration, n (%
Need for further hemostatic agents or coagulation factors at 48 h, n (%

Nonvisible bleeding hemostasis

Stable hemoglobin at 48 h after 4F-PCC, n (%)
Need for further hemostatic agents or coagulation factors at 48 h, n (%

Additional outcomes

Adverse event during hospitalization, n (%)
Packed red blood cells within 24 h of 4F-PCC, mean (SD)
Platelet transfusions within 24 h of 4F-PCC, mean (SD)
Fresh frozen plasma within 24 h of 4F-PCC, mean (SD)

GCS = Glasgow Coma Scale; 4F-PCC = Four-Factor Prothrombin Com
DISCUSSION

This study demonstrates the benefit of a clinical pharma-
cist at the bedside during 4F-PCC administration for pa-
tients who present to the ED with life-threatening
bleeding or need for emergent procedure. Clinical phar-
macist presence reduced time to 4F-PCC by 140 min,
PharmD (n = 33) Control (n = 45) p-Value

29 (87.8%) 38 (84.4%) 0.67

1 (3%) 6 (9.1%) 0.11
) 0 (100%) 0 (100%) > 0.99

PharmD (n = 12) Control (n = 13)

) 12 (100%) 12 (92.3%) 0.38
) 0 (100%) 0 (100%) > 0.99

PharmD (n = 3) Control (n = 2)

3 (100%) 2 (100%) > 0.99
) 0 (100%) 0 (100%) > 0.99

PharmD (n = 50) Control (n = 66)

0 (0%) 0 (0%) > 0.99
0.11 (0.4) 0.06 (0.3) 0.53
0.15 (0.5) 0.38 (0.7) 0.25
0.20 (0.6) 0.56 (1) 0.04

plex Concentrate.
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Figure 3. Median (interquartile range) intensive care unit
(ICU) and hospital length of stay among study groups.
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even after accounting for confounding factors such as
time of presentation and day of the week. The reduction
in time to 4F-PCC in the PharmD group may have
impacted ICU and hospital LOS due to the faster achieve-
ment of hemostasis. These findings suggest that a clinical
pharmacist at bedside provides significant value and op-
timizes time to receipt of life-saving pharmacotherapy.

The clinical pharmacists at our institution ensure
timely and appropriate administration of 4F-PCC by ob-
taining medication histories to determine anticoagulant
use and time of last dose, advocating for accurate weight,
and recommending necessary laboratory parameters
(e.g., INR) on patient presentation to reduce delay in
administration if 4F-PCC may be indicated. When the
administration of 4F-PCC is indicated, the clinical phar-
macist facilitates 4F-PCC order entry in conjunction with
the attending physician and recommends an appropriate
dose based on the type of anticoagulant on presentation
or INR value. The clinical pharmacist also ensures
phytonadione co-administration for warfarin-associated
bleeds, recommends against concomitant FFP adminis-
tration due to the increased thrombotic risk, and commu-
nicates with the intravenous preparatory area in the
central pharmacy to ensure timely bedside delivery. As
the median time from patient presentation to 4F-PCC or-
der entry in the PharmD group was shorter in our study,
the data suggests that pharmacists at our institution assis-
ted emergency physicians in clinical decision-making
and appropriate order entry. Also, we found that the
Table 4. Multivariable Linear Regression

Factor b Coefficient p-Value
95% Confidence

Interval

Weight (kg) 1.37 0.07 �0.09 to 2.84
PharmD at bedside �163.57 < 0.01 �249.44 to �77.71
Baseline INR 5.50 0.28 �4.55 to 15.54
GCS score on

admission
2.46 0.64 �7.93 to 12.84

Weekday
presentation

�36.37 0.39 �120.11 to 47.35

Day shift
presentation

�1.83 0.96 �77.68 to 74.02

INR = International Normalized Ratio; GCS = Glasgow Coma
Scale.
median time from 4F-PCC order entry to 4F-PCC
administration was shorter in the PharmD group. These
data suggest that pharmacists actively communicated
with the central pharmacy intravenous preparatory area
to ensure that the life-saving medication was delivered
to the patient in a timelier manner. Although 4F-PCC is
reconstituted in the central pharmacy at our institution,
the storage of 4F-PCC in the ED and bedside reconstitu-
tion by the clinical pharmacist may be a means to further
decrease time to 4F-PCC administration.

Two studies have attempted to target faster time to 4F-
PCC administration, in which a pharmacist-driven proto-
col was compared with a blood bank-driven protocol. The
first single-center, retrospective study analyzed pharmacy
vs. blood bankmanagement on the turnaround time of 4F-
PCC.14 The pharmacist was responsible for peripheral
clinical evaluation, dose rounding, preparation, and dis-
tribution of 4F-PCC. The median turnaround time of
4F-PCC was lower in the pharmacy group (43 min) as
compared with the blood bank group (62 min),
p = 0.03. The second single-center, retrospective study
analyzed the impact of a pharmacist-driven protocol vs.
a blood bank-driven protocol on time to administration
of 4F-PCC in patients with warfarin-associated ICH
(14). The pharmacist was responsible for determining
the appropriate dose, preparation, bedside delivery, and
order entry into the electronic medical record. Prior to im-
plementation of the pharmacist-protocol, the blood bank
was responsible for approval of 4F-PCC, dosing, product
preparation, and arranging delivery with ED staff. The
median time to administration of 4F-PCC was signifi-
cantly shorter in the pharmacist-driven protocol group
(35 min) vs. the preprotocol group (70 min) for
warfarin-associated ICH, p = 0.034. Notably, both studies
assessed only the effect of 4F-PCC on warfarin-
associated ICH, and both studies were not powered to
detect differences in LOS, hemostasis, or mortality.
Although these studies have several limitations, particu-
larly their retrospective design and small sample size,
they demonstrate that pharmacists can play a role in the
preparation and dispensing of 4F-PCC for patients with
VKA-associated life-threatening hemorrhage. Our study
builds on these findings by examining the impact that a
clinical pharmacist has on multidisciplinary team-based
decision-making and bedside patient care.

Of the patients in our study who presented to the ED
with a life-threatening bleed, ICH was the most common
type of bleed. Anticoagulant-associated ICH has a poor
prognosis, with a mortality rate approaching 65% (15).
In our study, patients with a pharmacist at the bedside
had a lower median GCS score on admission (12.5 vs.
15, p = 0.19), as compared with the control group.
Although this difference was not statistically significant,
a lower GCS score on admission was shown to be a strong
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predictor for higher 30-day mortality in ICH patients
(16). Despite a lower GCS on admission, patients in the
PharmD group had less deterioration in GCS at 24 hours
as compared with the control group (3% vs. 9.1%,
p = 0.11) and a shorter ICU and hospital LOS. Although
both groups who presented with a warfarin-associated
hemorrhage had a similar median INR on admission,
more patients in the PharmD group received phytona-
dione co-administration. 4F-PCC replacement affords
rapid correction by supplementation of absent coagula-
tion factors, whereas phytonadione replaces vitamin K
and allows for ongoing factor synthesis (17). Less
deterioration in GCS at 24 hours may be due to the earlier
achievement of hemostasis owing to faster 4F-PCC admin-
istration as well as phytonadione co-administration in the
PharmD group.

Although there is no literature evaluating the impact of
a pharmacist at the bedside during a hemorrhagic stroke,
current American Stroke Association guidelines recom-
mend initiating intravenous thrombolysis for acute
ischemic stroke within 60 min of patient arrival, given
that the benefits are time-dependent (18). Multiple studies
have evaluated the impact of a pharmacist at the bedside
in reducing door-to-needle time to thrombolysis in acute
ischemic strokes (19–21). Based on the data that
anticoagulation reversal time of fewer than 200 min
was associated with significantly less hemorrhagic
expansion of ICH and the results of our study, it can be
argued that the benefits of 4F-PCC may also be time
dependent (6).

Although this study was not powered to detect differ-
ences in hemostasis or mortality, a shorter ICU and hos-
pital LOS in patients who received faster 4F-PCC
administration may have been due to a faster cessation
of bleeding and achievement of hemostasis. Previous
literature has demonstrated that a shorter LOS results in
better functional outcomes for patients, while also
decreasing health care-associated expenses (22). Addi-
tionally, a prolonged ICU LOS was a significant predictor
of decreased long-term survival and higher overall
mortality in multiple critically ill patient populations
(23–25). Strategies to reduce LOS may pose functional
benefits to the patient and financial benefits to the
institution.

Limitations

There are several limitations to our study that deserve
consideration. First, the single-center retrospective
design limits the ability to control for all potential con-
founders and affects the generalizability of the study.
Furthermore, there is limited availability of clinical phar-
macists during nights and weekends at our institution.
Weekend presentation of intracranial and gastrointestinal
hemorrhages has been associated with worse outcomes
(12). Additionally, patients in the PharmD group had a
numerically lower GCS score on admission as compared
with the control group (12.5 vs. 15, respectively).
Although this would seem to bias the results toward
worse outcomes in the PharmD group, these patients
experienced a shorter LOS. Furthermore, to control the
effects of GCS score on admission as well as the time
and day of patient presentation, a multivariable linear
regression analysis was conducted. Given the retrospec-
tive nature of the study, the presence of a pharmacist
and the study outcomes rely on accurate documentation
in the electronic medical record. Lastly, the study was
not powered to detect differences in hemostasis, ICU
and hospital LOS, and mortality. Larger, prospective tri-
als are warranted to assess the effect of faster time to
4F-PCC on hemostasis and mortality.
CONCLUSIONS

A clinical pharmacist at the bedside of patients who pre-
sent to the ED with life-threatening bleeding or need for
emergent surgery or procedure decreased time to 4F-PCC
administration by 140 min after accounting for con-
founders. Faster time to 4F-PCC was associated with a
significantly shorter ICU LOS (�3 days) and hospital
LOS (�2.5 days). Although the impact of clinical phar-
macists has historically been hard to capture, these find-
ings demonstrate that a clinical pharmacist provides
valuable therapeutic recommendations and optimizes
time to receipt of life-saving pharmacotherapy. Large,
prospective trials that are appropriately powered to deter-
mine whether faster time to 4F-PCC administration im-
proves hemostasis and decreases mortality in patients
with a life-threatening bleed or need for urgent surgery
or procedure are warranted.
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ARTICLE SUMMARY

1. Why is this topic important?
There is currently a paucity of evidence regarding the

importance of the timing of anticoagulation reversal in pa-
tients with life-threatening bleeding or those necessitating
urgent reversal for surgery or procedures.
2. What does this study attempt to show?

Clinical pharmacists work alongside physicians and
nurses at the bedside to optimize pharmacotherapy, in-
crease efficiency and cost-effectiveness of care, and ulti-
mately improve patient safety. At our institution, a
pharmacist at the bedside obtains medication histories
regarding anticoagulant and time of last dose, assesses
the appropriateness of four-factor prothrombin complex
concentrate (4F-PCC) use and contraindications to 4F-
PCC, facilitates correct order entry and timely preparation
of 4F-PCC, ensures co-administration of phytonadione
for warfarin-induced bleeding, and recommends appro-
priate pre- and postadministration laboratory follow-up.
This study attempts to demonstrate the benefit of clinical
pharmacist presence in shortening the time between pre-
sentation to the emergency department and 4F-PCC
administration.
3. What are the key findings?

When 4F-PCC administration is indicated for anticoa-
gulation reversal in life-threatening bleeding or urgent
procedure, clinical pharmacist involvement resulted in a
140-min reduction in time to administration, even after
accounting for confounders via a multivariable linear
regression. Patients in the PharmD group had a signifi-
cantly shorter intensive care unit (ICU) and hospital
length of stay (LOS) and were more likely to be dis-
charged to home.
4. How is patient care impacted?

A clinical pharmacist at the bedside of patients in need
of 4F-PCC in the ED translated to improved patient care,
as demonstrated by a reduction in both ICU and hospital
LOS. Although this study was not powered to detect dif-
ferences in achievement of hemostasis, a shorter ICU and
hospital length of stay in patients who received faster 4F-
PCC administration may have been due to a faster cessa-
tion of bleeding. Previous literature has demonstrated that
a shorter length of stay results in better functional out-
comes for patients, while also decreasing health-care
associated expenses (22).
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