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Abstract

Background: Four-factor prothrombin complex concentrate (4F-
PCC) is used for warfarin reversal and off-label management of 
bleeding in patients taking direct oral anticoagulants (DOACs). Dos-
ing strategies that optimize hemostatic efficacy and cost, such as fixed 
dosing of 4F-PCC, are still under evaluation. The objective of this 
study was to retrospectively evaluate the efficacy, safety, and cost 
savings of fixed-dosing of 4F-PCC (1,500 IU for warfarin, 2,000 IU 
for DOACs).

Methods: Patients records from October 1, 2018, to April 30, 2021, 
at three hospitals within the Froedtert Health System were retrospec-
tively reviewed for individuals who received fixed-dosing of 4F-PCC. 
Safety and efficacy were reflected in 30-day bleeding and thrombosis 
events, the need for repeat doses, and all-cause mortality. Cost sav-
ings were defined as the difference in the cost between the adminis-
tration of fixed-dosing and the projected weight- and international 
normalized ratio (INR)-based dosing based on the package insert for 
warfarin reversal or 50 IU/kg in patients treated with DOACs.

Results: A total of 592 patients received fixed-dosing of 4F-PCC 
during the prespecified period, of whom 541 received it for warfarin 
reversal (n = 414) or DOACs (n = 127) management in emergency 
settings. INR below 2 was achieved in 89% of patients on warfarin. 
Less than 5% in either group required repeat doses of 4F-PCC. With-
in 30 days, both groups had similar bleeding (12%) and thrombotic 
(5%) events. All-cause 30-day mortality rates in patients treated with 
warfarin and DOACs were 24% and 30%, respectively. The median 
cost savings of fixed-dosing per patient on warfarin and DOACs were 
$1,567 and $3,936, respectively, with annualized median hospital 
cost savings of $176,239 and $146,733, respectively.

Conclusions: Fixed-dosing of 4F-PCC had significantly less cost 
than adjusted dose and is associated with similar rates of thrombosis 
and death compared to other studies.

Keywords: 4F-PCC; Kcentra; Warfarin; Anticoagulation; Anticoagu-
lation reversal; Fixed-dosing

Introduction

Prescriptions for anticoagulation in the United States reach into 
the tens of millions annually [1]. The most common indica-
tions for oral anticoagulation include atrial fibrillation, venous 
thromboembolism, and a history of heart valve replacement 
[2]. In 2012, 87% of US Medicare beneficiaries taking oral 
anticoagulants received warfarin, a number that fell to 48% in 
2017. During the same period, the total number of Medicare 
beneficiaries receiving direct oral anticoagulants (DOACs, 
apixaban or rivaroxaban) was 46% [3]. Both warfarin and 
DOACs are associated with an increased risk of major bleed-
ing [3]. Reversal of anticoagulation is frequently required in 
severe bleeding and emergent surgical procedures [4].

Four-factor prothrombin complex concentrate (4F-PCC) 
with vitamin K administration is the first-line therapy in pa-
tients taking warfarin who experience significant bleed or un-
dergo an emergent surgical procedure [4]. Dose recommen-
dations are either based on calculations involving weight and 
international normalized ratio (INR), or a fixed-dose, with one 
study using 1,000 IU for non-intracranial major bleed or 1,500 
IU for intracranial bleed [4]. The 4F-PCC agent used in our 
study population is Kcentra.

4F-PCC is also used for off-label management of bleeding 
in patients prescribed DOACs. Data evaluating the efficacy of 
4F-PCC on direct factor Xa inhibitor-related major bleeding 
are of low quality and have largely been drawn from several 
single-arm case series [5]. The most used dosing is 25 - 50 IU/
kg. The American College of Cardiology (ACC) expert con-
sensus decision pathway on management of bleeding in pa-
tients on oral anticoagulants concluded that administration of 
4F-PCC at a fixed-dose of 2,000 IU for severe or life-threaten-
ing bleeding in patients anticoagulated with DOACs is reason-
able based on the limited evidence available [4].

The purpose of this study was to retrospectively evaluate 
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the efficacy, safety, and cost savings of fixed-dosing of 4F-
PCC at 1,500 IU for warfarin reversal and 2,000 IU for man-
agement of patients taking DOACs with bleeding or need for 
emergent procedures.

Materials and Methods

In October 2018, three hospitals in the Froedtert and the Medi-
cal College of Wisconsin Hospital System transitioned to 
fixed-dose of 4F-PCC (Kcentra). The protocol was to admin-
ister 1,500 IU for warfarin, 2,000 IU for DOACs. The pro-
tocol allowed a repeat second fixed-dose of 4F-PCC of 500 
IU. We retrospectively reviewed 592 patients who received 
fixed-dosing of 4F-PCC. We only included the patients tak-
ing warfarin (n = 414) or a DOACs (n = 127), who received 
fixed-dosing for bleeding or to prepare for an emergent proce-
dure from October 1, 2018, to April 30, 2021. The remaining 
51 patients received 4F-PCC for other indications and were 
excluded from the analysis. The Institutional Review Board 
(IRB) reviewed the proposed study and approved access to the 
requested data. The study was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration. The data 
were deidentified and included age, sex, weight, indication for 
anticoagulation, indication for reversal, pre- and post-reversal 
INR, doses of 4F-PCC administered, and other anticoagulation 
reversal agents given. The primary outcomes were considered 
the need for repeat dosing, 30-day hemorrhagic or thrombotic 
events incidence, 30-day all-cause mortality, and cost savings. 
Hemostatic efficacy was to be based on the need for repeat 
dosing and the post-reversal INR to be below 2 (which is the 
threshold to administer 4F-PCC) or a more stringent criterion 
of below 1.5. Thirty-day mortality was separated to include or 
exclude intracranial hemorrhage (ICH), given the higher mor-
tality in patients who present with ICH. Charts were examined 
for imaging results, blood work, and encounters for 30 days 
post-4F-PCC administration to report any bleeding, thrombo-
sis, or death. Cost savings were defined as the difference in the 
cost between the administration of fixed-dosing and weight/
INR based-dosing. The cost was estimated at $2 per unit as 
provided by the institution. The projected weight and INR-
based dosing is based on the package insert for warfarin rever-
sal or 50 IU of factor IX/kg in patients treated with DOACs.

Statistical analysis

All statistical analyses were performed using SAS 9.4 (SAS 
Institute, Carey, NC). Continuous variables were summarized 
by mean and standard deviation (SD), and categorical variables 
were summarized by frequencies and percentages. Post-INR 
thresholds (< 1.5 and < 2) were analyzed as categorical out-
comes to assess hemostatic efficacy. The costs associated with 
weight-based dosing (DOAC) and INR-based dosing (warfarin) 
were summarized per patient and aggregated annually by year. 
Differences in costs were evaluated using descriptive statistics, 
and cumulative costs were calculated for each dosing strategy.

Results

A total of 592 patients received fixed-dosing 4F-PCC during 
the prespecified period (from October 1, 2018, to April 30, 
2021). Of these, 541 patients received 4F-PCC for either war-
farin reversal (n = 414) or DOACs (n = 127) hemorrhage man-
agement and emergent invasive procedures in emergency set-
tings; these patients were included in the analysis. Situations 
requiring emergent procedures such as transplant, trauma, her-
nia or ischemic bowel, vascular repair, cardiac surgeries and 
catheterization, and line placement were observed. 4F-PCC 
was administered shortly prior to surgeries. Patient character-
istics were similar in both groups. The mean age was 71 years 
(SD 15), 56% (n = 232) were males, and the mean weight was 
87 kg (SD 26) among the warfarin group. The mean age was 
74 years (SD 13), 61% (n = 77) were males, and the mean 
weight was 85 kg (SD 22) among the DOACs group. Atrial 
fibrillation was the leading indication for anticoagulation, 
comprising 62% (n = 334) of patients, and venous thrombo-
embolism was the cause in 25% (n = 134) of cases (Table 1). 
Of note, the protocol was for providers to order 4F-PCC 1,500 
(based on factor IX content) for warfarin reversal and 2,000 
IU for DOAC management. However, the doses administered 
were changed by the pharmacy team to the actual units present 
in the vials used resulting in the slightly higher doses adminis-
tered as described below.

Warfarin group

Reversal for patients on warfarin was needed in 65% (n = 
269) of cases for bleeding and 32% (n = 134) of cases pre-
procedure. The remaining 3% (n = 11) received 4F-PCC for 
the correction of supratherapeutic INR. Of cases presenting 
with bleeding, 42% (n = 112) were due to ICH and 30% (n 
= 81) from gastrointestinal bleeding (GIB). Of the patients, 
67% (n = 277) had a pre-reversal INR between 2 and 6, and 
20% (n = 84) had an INR greater than 6. The mean dose of 
4F-PCC administered was 1,636 IU (SD 367). Of patients 
treated with 4F-PCC for warfarin, 82% also received intra-
venous (IV) vitamin K with 4F-PCC, and the remaining pa-
tients did not receive any vitamin K. Fresh frozen plasma 
(FFP) was used in only 18% (n = 74) of the patients treated 
and was given with 4F-PCC at a median of two units per pa-
tient (interquartile range (IQR): 2 - 4) (Table 1).

Post-reversal INR below 2 and 1.5 was achieved in 89% (n 
= 341) and 56% (n = 215) of patients, respectively (Table 2). 
Patients who received 4F-PCC, vitamin K, and FFP (15%, n = 
64) had a higher mean pre- and post-4F-PCC INR of 5.2 and 
1.7, respectively. Patients who received 4F-PCC and vitamin 
K only (67%, n = 276) had a mean pre- and post-4F-PCC INR 
of 4.3 and 1.5, respectively. Patients who received 4F-PCC 
only (15%, n = 64) had the lowest pre- and a similar post-4F-
PCC mean INR with 3.0 and 1.6, respectively (Table 3).

Within 30 days, bleeding events occurred in 12% (n = 
49) of patients with a mean time to event of 9 days (SD 7). 
Thirty-day bleeding events occurred in 7% (n = 8) of patients 
with ICH and 19% (n = 15) of patients with GIB. Thrombotic 
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events within 30 days occurred in 6% (n = 23), of which the 
majority were venous thrombi at 73% (n = 16). The average 
time for thrombus development was 10 days (SD 8). Antico-
agulation was resumed in 74% (n = 17) of the patients who 
developed thrombosis after the thrombi were identified. All-
cause 30-day mortality rate, including patients who suffered 
from ICH, was 24% (n = 98). Excluding ICH, the mortality 
was 18% (n = 54) (Table 2).

Less than 5% (n = 16) required a second dose of 500 IU 
for bleeding recurrence or to decrease the post-reversal INR 
further. The median weight of the patients who received a sec-

ond dose was higher than the entire group at 94 kg (IQR: 83 
- 126). Among those patients who received a second dose, the 
first dose of 4F-PCC ranged from 1,558 to 5,360 IU, with three 
patients receiving above 1,700 IU. Two patients had an INR 
above 6 before 4F-PCC administration, and two patients had 
an INR above 2 after the reversal. Of the patients, 50% (n = 8) 
requiring a second dose received the agent prior to procedures, 
while the other half received it for an ICH. Two patients had 
a hemorrhagic outcome, and two (one who also had a hemor-
rhagic event) had thrombotic events within 30 days. Thirty-
day mortality was high at 56% (n = 9); one from a hemorrhagic 
event and none from a thrombotic event, and the vast majority 
(n = 7) presented with an ICH (Table 4).

DOACs group

Administration of fixed-dosing of 4F-PCC for patients in our 
study taking DOAC occurred for bleeding in 87% (n = 111), of 
which 63% (n = 70) were for ICH and 22% (n = 24) for GIB. 
The remaining 13% (n = 16) received 4F-PCC prior to emer-
gent procedures. The mean dose of 4F-PCC administered was 
2,106 IU (SD 243) (Table 1).

Within 30 days, bleeding events occurred in 12% (n = 15) 
of patients with a mean time to event of 8 days (SD 6). Thirty-

Table 1.  Patient Characteristics

Characteristics Warfarin  
(n = 414)

DOACs  
(n = 127)

Males (%) 232 (56) 77 (61)
Mean age (SD) 71 (15) 74 (13)
Mean weight (SD) 87 (26) 85 (22)
Anticoagulation indication (%)
    Atrial fibrillation 248 (60) 86 (68)
    Venous thromboembolism 100 (24) 34 (26)
    Other 66 (16) 7 (6)
Pre-reversal INR (%)
    2 - 4 219 (61) -
    4 - 6 58 (16)
    > 6 84 (23)
DOACs type (%) -
    Apixaban 85 (67)
    Rivaroxaban 42 (33)
Mean dose of 4F-PCC (SD) 1,636 (367) 2,106 (243)
Reason for administration (%)
    Pre-procedure 134 (32) 15 (12)
    Bleed 269 (65) 111 (87)
    ICH 112 (42) 70 (63)
    GIB 81 (30) 24 (22)
    Other 11 (3%) 1 (1%)
IV vitamin K given (%) 340 (82) -
FFP administered (%) 74 (18) 12 (9)

ICH: intracranial hemorrhage; GIB: gastrointestinal bleed; SD: stand-
ard deviation; INR: international normalized ratio; DOACs: direct oral 
anticoagulants; FFP: fresh frozen plasma; 4F-PCC: four-factor pro-
thrombin complex concentrate; IV: intravenous.

Table 2.  Outcomes

Outcomes Warfarin 
(n = 414)

DOACs 
(n = 127)

Post-reversal INR
    < 2 341 (89) -
    < 1.5 215 (56)
Second dose needed (%) 16 (4) 5 (4)
30-day hemorrhagic event (%) 49 (12) 15 (12)
    Mean time to event in days (SD) 9 (7) 8 (6)
30-day thrombotic event (%) 23 (6) 6 (5)
    Venous thrombosis (%) 16 (73) 3 (50)
    Arterial thrombosis (%) 6 (27) 3 (50)
    Mean time to event in days (SD) 10 (8) 9 (11)
30-day mortality
    Non-ICH (%) 54 (18) 14 (25)
    All-cause (%) 98 (24) 38 (30)

DOACs: direct oral anticoagulants; SD: standard deviation; ICH: intrac-
ranial hemorrhage; INR: international normalized ratio.

Table 3.  Warfarin Outcomes Based on Interventions

Outcomes Mean pre-reversal INR Mean post-reversal INR
4F-PCC only 15% (n = 64) 3.0 1.6
4F-PCC and vitamin K 67% (n = 276) 4.3 1.5
4F-PCC, vitamin K, and FFP 15% (n = 64) 5.2 1.7

FF: fresh frozen plasma; INR: international normalized ratio; 4F-PCC: four-factor prothrombin complex concentrate.
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day bleeding events occurred in 7% (n = 5) of patients with 
ICH and 4% (n = 1) of patients with GIB. Thrombotic events 
within 30 days occurred in 5% (n = 6), of which 50% (n = 3) 
were venous thrombi. The average time for thrombus develop-
ment was 9 days (SD 11). The three patients who developed 
arterial thrombosis had thrombectomies, while two of the three 
patients with venous thrombosis had anticoagulation resumed. 
All-cause 30-day mortality rate, including patients who suf-
fered from ICH, was 30% (n = 38). Excluding ICH, the mortal-
ity was 25% (n = 14) (Table 2).

Less than 5% (n = 5) required repeat doses. The median 
weight of the patients who received a second dose was 95 kg 
(IQR: 86 - 100). The first dose ranged from 1,637 to 2,252. 
Patients received the 4F-PCC either for ICH or pre-procedure. 
Three patients had a hemorrhagic event within 30 days, while 
no one had a thrombotic outcome. Two of the five patients died 
within 30 days (Table 4).

Cost savings

Considering the cost of $2 per unit of 4F-PCC (Kcentra) as 
provided by our institution’s pharmacy, the median cost sav-
ings of fixed-dosing per patient taking warfarin was $1,567 
(IQR $455 - $2,947). The annualized median hospital cost 
saving was $176,239 (IQR $57,010 - $291,950). The median 
cost savings of fixed-dosing per patient on DOACs was $3,936 
(IQR $2,716 - $5,632). The annualized median hospital cost 
saving was $146,733 (IQR $68,322 - $202,402) (Table 2).

Discussion

Warfarin group

Three small single-arm studies have evaluated the efficacy, 
safety, and cost savings of fixed-dosing of 4F-PCC in pa-
tients requiring urgent or emergent warfarin reversal [6-8]. In 
addition, four small comparison studies have evaluated dif-

ferences in outcomes between fixed-dose and variable dose 
strategies for such patients [9-12]. In summary, the single-arm 
studies reported adequate INR reversal and minimal throm-
botic risk in most patients treated with 1,500 IU of 4F-PCC 
[6-8], while the comparison studies showed mixed results due 
to variability in INR goals and quantity of fixed-dose admin-
istered [9-12]. A recent meta-analysis evaluating fixed-dosing 
vs. variable-dosing 4F-PCC in warfarin reversal concluded 
that fixed-dosing may be considered effective and safe [13]. 
It included 10 studies with a total of almost 988 patients. In 
the variable-dosing groups, mortality was 20%, thrombotic 
events at < 2%, INR goal achieved in 81%, and 3% required 
repeat dosing. The fixed-dosing group analysis showed the 
mortality at 13%, thrombotic events at 2%, INR goal achieved 
in 70%, and an additional 4F-PCC doses required in 11% of 
cases. The higher incidence of thrombotic events reported in 
our study is likely due to the longer follow-up compared to the 
other studies referenced.

DOACs group

A recent meta-analysis of 25 studies and 1,760 patients with 
direct factor Xa inhibitor-associated bleeding found a fixed-
dosing strategy to be a safe and effective alternative to vari-
able weight-based dosing while reducing 4F-PCC usage [14]. 
In the variable-dosing groups, mortality was 21%, ICH mor-
tality 29%, thrombotic events at 3%, and hemostatic efficacy 
at 79%. The fixed-dosing group analysis showed the mortal-
ity at 16%, thrombotic events at 3%, and hemostatic efficacy 
at 74%. Another recent meta-analysis of 36 studies involving 
1,832 patients with ICH taking DOACs found similar rates 
in the overall anticoagulation reversal (4F-PCC: 77%), mor-
tality (4F-PCC: 26%), and thromboembolic event (4F-PCC: 
10%) rates among patients receiving 4F-PCC, andexanet alfa, 
or idarucizumab [15]. In line with our findings, in the control 
group in the ANNEXA-I study who received usual care (in-
cluding patients who received PCC), 5.6% of patients had at 
least one thrombotic event within 30 days [16].

Cost savings

A recent retrospective review compared the projected cost of 
andexanet to the actual cost of 4F-PCC for the reversal of ma-
jor bleeding. Most of the patients who would have been can-
didates to receive andexanet (91% of 46 patients) were given 
weight-based 50 IU/kg of 4F-PCC with a median actual cost 
of $5,670 (IQR $2,430 - 8,100). Whereas the actual median 
cost for patients who received 4F-PCC and would not have 
been candidates for andexanet (80 patients) was $4,455 (IQR 
$1,620 - 8,100). The study concluded that weight-based 4F-
PCC for reversal was significantly less expensive than the 
projected cost of andexanet [17]. In our study, the projected 
median cost of weight-based 4F-PCC per patient was $8,255 
(IQR $6,970 - $9,800). The mean weight of patients on the 
DOACs in our study was 85 kg (SD 22) and we calculated the 
cost of 4F-PCC based on the unit price of $2; however, no data 

Table 4.  4F-PCC Repeat Dosing of 4F-PCC 500 IU

Warfarin 
(n = 16)

DOACs 
(n = 5)

Median weight, kg (IQR) 94 (83 - 126) 95 (86-100)
Indication
    Pre-procedure 8
    Bleeding 8 (all ICH)
Range of first dose of 4F-PCC, IU 1,558 - 5,360 1,637 - 2,252
30-day hemorrhagic event (%) 2 (13) 3 (60)
30-day thrombotic event (%) 2 (13) 0 (0)
30-day mortality 9 (56) 2 (40)

DOACs: direct oral anticoagulants; IQR: interquartile range; 4F-PCC: 
four-factor prothrombin complex concentrate; ICH: intracranial hemor-
rhage.
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on weight nor price per unit were provided by the other study 
to account for the difference in the median cost.

Limitations

Due to the retrospective nature of our study, the lack of uni-
form documentation of responsiveness to reversal, and the lack 
of a control group (weight- and INR-based dosing), we did not 
have data showing direct efficacy. However, efficacy can be 
inferred from the post-4F-PCC administration INR < 2 [18] 
in almost 90% of cases on warfarin, minimal need for repeat 
doses (4%), and the low 30-day hemorrhagic events (12%).

Conclusions

4F-PCC has many advantages over other reversal agents, in-
cluding the ability to quickly mix and administer doses. Fixed-
dosing further simplifies and streamlines the process, reduc-
ing the potential for errors in communication, calculation, and 
combination of ingredients when compared to variable dosing 
strategies. Additionally, fixed-dosing may improve cost effica-
cy without reducing quality of care [18]. Dosing strategies that 
optimize anticoagulant reversal and cost remain under evalua-
tion, leading to equivocal guideline recommendations [4]. We 
report real-world outcomes in a cohort of patients managed in 
academic and community hospitals with fixed-dose 4F-PCC in 
emergent situations, showing similar outcomes to studies with 
variable dosing with significant cost savings.

Learning points

Fixed-dosing of 4F-PCC had significantly less cost than ad-
justed dose. Fixed-dosing of 4F-PCC is associated with similar 
rates of thrombosis and death compared to other studies.

Acknowledgments

None to declare.

Financial Disclosure

LBK has received research funding to her institution from 
Takeda, CSL Behring, Sanofi, and Veralox.

Conflict of Interest

None to declare.

Informed Consent

Informed consent was waived by the IRB.

Author Contributions

AA, RL, RP, and LBK contributed to data collection, analysis, 
writing and editing the manuscript. BJ contributed to data col-
lection and analysis. FC and AS contributed to data analysis, 
writing and editing the manuscript.

Data Availability

The data supporting the findings of this study are available 
from the corresponding author upon reasonable request.

Abbreviations

PCC: prothrombin complex concentrate; 4F-PCC: four-factor 
prothrombin complex concentrate; DOAC: direct oral antico-
agulant; INR: international normalized ratio; ICH: intracranial 
hemorrhage; GIB: gastrointestinal bleed; IQR: interquartile 
range

References

1.	 Sarode R, Milling TJ, Jr., Refaai MA, Mangione A, Sch-
neider A, Durn BL, Goldstein JN. Efficacy and safety of a 
4-factor prothrombin complex concentrate in patients on 
vitamin K antagonists presenting with major bleeding: a 
randomized, plasma-controlled, phase IIIb study. Circula-
tion. 2013;128(11):1234-1243. doi pubmed

2.	 Altiok E, Marx N. Oral anticoagulation. Dtsch Arztebl 
Int. 2018;115(46):776-783. doi pubmed

3.	 Colacci M, Tseng EK, Sacks CA, Fralick M. Oral antico-
agulant utilization in the United States and United King-
dom. J Gen Intern Med. 2020;35(8):2505-2507. doi pub-
med

4.	 Tomaselli GF, Mahaffey KW, Cuker A, Dobesh PP, Do-
herty JU, Eikelboom JW, Florido R, et al. 2020 ACC 
expert consensus decision pathway on management of 
bleeding in patients on oral anticoagulants: a report of the 
American College of Cardiology Solution Set Oversight 
Committee. J Am Coll Cardiol. 2020;76(5):594-622. doi 
pubmed

5.	 Piran S, Khatib R, Schulman S, Majeed A, Holbrook A, 
Witt DM, Wiercioch W, et al. Management of direct fac-
tor Xa inhibitor-related major bleeding with prothrom-
bin complex concentrate: a meta-analysis. Blood Adv. 
2019;3(2):158-167. doi pubmed

6.	 Jansma B, Montgomery J, Dietrich S, Mixon MA, Peksa 
GD, Faine B. Emergent warfarin reversal with fixed-dose 
4-factor prothrombin complex concentrate. Ann Pharma-
cother. 2020;54(11):1090-1095. doi pubmed

7.	 Astrup G, Sarangarm P, Burnett A. Fixed dose 4-fac-
tor prothrombin complex concentrate for the emergent 
reversal of warfarin: a retrospective analysis. J Thromb 
Thrombolysis. 2018;45(2):300-305. doi pubmed

8.	 Klein L, Peters J, Miner J, Gorlin J. Evaluation of 

https://www.doi.org/10.1161/CIRCULATIONAHA.113.002283
http://www.ncbi.nlm.nih.gov/pubmed/23935011
https://www.doi.org/10.3238/arztebl.2018.0776
http://www.ncbi.nlm.nih.gov/pubmed/30602410
https://www.doi.org/10.1007/s11606-020-05904-0
http://www.ncbi.nlm.nih.gov/pubmed/32514896
http://www.ncbi.nlm.nih.gov/pubmed/32514896
https://www.doi.org/10.1016/j.jacc.2020.04.053
http://www.ncbi.nlm.nih.gov/pubmed/32680646
http://www.ncbi.nlm.nih.gov/pubmed/32680646
https://www.doi.org/10.1182/bloodadvances.2018024133
http://www.ncbi.nlm.nih.gov/pubmed/30658963
https://www.doi.org/10.1177/1060028020920855
http://www.ncbi.nlm.nih.gov/pubmed/32418445
https://www.doi.org/10.1007/s11239-017-1586-x
http://www.ncbi.nlm.nih.gov/pubmed/29164374


Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com 239

Al Homssi et al J Hematol. 2025;14(4):234-239

fixed dose 4-factor prothrombin complex concen-
trate for emergent warfarin reversal. Am J Emerg Med. 
2015;33(9):1213-1218. doi pubmed

9.	 McMahon C, Halfpap J, Zhao Q, Bienvenida A, Rose AE. 
Evaluation of a Fixed-Dose Regimen of 4-Factor Pro-
thrombin Complex Concentrate for Warfarin Reversal. 
Ann Pharmacother. 2021;55(10):1230-1235. doi pubmed

10.	 Stoecker Z, Van Amber B, Woster C, Isenberger K, Pe-
terson M, Rupp P, Chrenka E, et al. Evaluation of fixed 
versus variable dosing of 4-factor prothrombin complex 
concentrate for emergent warfarin reversal. Am J Emerg 
Med. 2021;48:282-287. doi pubmed

11.	 Dietrich SK, Rowe S, Cocchio CA, Harmon AJ, Ner-
enberg SF, Blankenship PS. Comparison of 3 different 
prothrombin complex concentrate regimens for emergent 
warfarin reversal: PCCWaR study. Ann Pharmacother. 
2021;55(8):980-987. doi pubmed

12.	 Bitonti MT, Rumbarger RL, Absher RK, Curran LM. Pro-
spective evaluation of a fixed-dose 4-factor prothrombin 
complex concentrate protocol for urgent vitamin K an-
tagonist reversal. J Emerg Med. 2020;58(2):324-329. doi 
pubmed

13.	 Mohammadi K, Yaribash S, Sani MA, Talasaz AH. Ef-
ficacy and safety of the fixed-dose versus variable-dose 
of 4-PCC for vitamin K antagonist reversal: a compre-
hensive systematic review and meta-analysis. Cardiovasc 
Drugs Ther. 2022;36(3):533-546. doi pubmed

14.	 Chiasakul T, Crowther M, Cuker A. Four-factor pro-
thrombin complex concentrate for the treatment of oral 
factor Xa inhibitor-associated bleeding: a meta-analysis 
of fixed versus variable dosing. Res Pract Thromb Hae-
most. 2023;7(2):100107. doi pubmed

15.	 Chaudhary R, Singh A, Chaudhary R, Bashline M, 
Houghton DE, Rabinstein A, Adamski J, et al. Evalu-
ation of direct oral anticoagulant reversal agents in in-
tracranial hemorrhage: a systematic review and meta-
analysis. JAMA Netw Open. 2022;5(11):e2240145. doi 
pubmed

16.	 Connolly SJ, Sharma M, Cohen AT, Demchuk AM, 
Czlonkowska A, Lindgren AG, Molina CA, et al. Andex-
anet for Factor Xa Inhibitor-associated acute intracerebral 
hemorrhage. N Engl J Med. 2024;390(19):1745-1755. 
doi pubmed

17.	 Frontera JA, Bhatt P, Lalchan R, Yaghi S, Ahuja T, Papa-
dopoulos J, Joset D. Cost comparison of andexanet ver-
sus prothrombin complex concentrates for direct factor 
Xa inhibitor reversal after hemorrhage. J Thromb Throm-
bolysis. 2020;49(1):121-131. doi pubmed

18.	 Abdoellakhan RA, Khorsand N, Ter Avest E, Lameijer H, 
Faber LM, Ypma PF, Nieuwenhuizen L, et al. Fixed ver-
sus variable dosing of prothrombin complex concentrate 
for bleeding complications of vitamin K antagonists-the 
PROPER3 randomized clinical trial. Ann Emerg Med. 
2022;79(1):20-30. doi pubmed

https://www.doi.org/10.1016/j.ajem.2015.05.017
http://www.ncbi.nlm.nih.gov/pubmed/26143315
https://www.doi.org/10.1177/1060028021992142
http://www.ncbi.nlm.nih.gov/pubmed/33522256
https://www.doi.org/10.1016/j.ajem.2021.05.023
http://www.ncbi.nlm.nih.gov/pubmed/34022636
https://www.doi.org/10.1177/1060028020978568
http://www.ncbi.nlm.nih.gov/pubmed/33305592
https://www.doi.org/10.1016/j.jemermed.2019.10.013
http://www.ncbi.nlm.nih.gov/pubmed/31787372
http://www.ncbi.nlm.nih.gov/pubmed/31787372
https://www.doi.org/10.1007/s10557-021-07192-0
http://www.ncbi.nlm.nih.gov/pubmed/33864534
https://www.doi.org/10.1016/j.rpth.2023.100107
http://www.ncbi.nlm.nih.gov/pubmed/37063756
https://www.doi.org/10.1001/jamanetworkopen.2022.40145
http://www.ncbi.nlm.nih.gov/pubmed/36331504
http://www.ncbi.nlm.nih.gov/pubmed/36331504
https://www.doi.org/10.1056/NEJMoa2313040
https://www.doi.org/10.1056/NEJMoa2313040
http://www.ncbi.nlm.nih.gov/pubmed/38749032
https://www.doi.org/10.1007/s11239-019-01973-z
http://www.ncbi.nlm.nih.gov/pubmed/31664662
https://www.doi.org/10.1016/j.annemergmed.2021.06.016
http://www.ncbi.nlm.nih.gov/pubmed/34535300

