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Key Points

• 4F-PCC rapidly
restores vitamin
K–dependent factors
to hemostatic levels in
patients treated with
VKA immediately after
infusion.

• Postreversal INR may
not accurately reflect
vitamin K–dependent
factor restoration after
a 4F–PCC infusion.
2527/blooda_adv-2022-009015-m
a

Restoration of the international normalized ratio (INR) to values <1.5 is commonly targeted

to achieve hemostasis in patients with major bleeding or undergoing urgent surgery who

are treated using vitamin K antagonists (VKAs). However, the relationship between

corrected INR and vitamin K–dependent factor (VKDF) levels for hemostasis is uncertain.

We aim to examine the impact of 4-factor prothrombin complex concentrate (4F-PCC) or

plasma on INR correction and VKDF restoration and evaluate the relationship between INR

values and VKDF levels in patients with acute major bleeding or patients requiring an

urgent surgical procedure. Adult patients treated with VKA with an elevated INR (≥2.0
within 3 hours before study treatment) who received 4F-PCC or plasma after major bleeding

or before an urgent surgery or invasive procedure were included in this retrospective

analysis of data from 2 prospective phase 3b randomized controlled trials. Of the 370

patients included in this analysis, 185 received 4F-PCC, and 185 received plasma. In the

4F-PCC group, 159 of 185 (85.9%) had an INR ≤1.5 at 30 minutes after the end of infusion

compared with only 72 of 184 (39.1%) in the plasma group. After 4F-PCC treatment, all VKDF

levels exceeded 50% activity regardless of the postinfusion INR value. However, after

plasma administration, mean activity levels for factors II and X were <50% at all time points

assessed within 3 hours after starting the infusion, regardless of the postinfusion INR value.

This retrospective analysis demonstrated that treatment with 4F-PCC among patients

treated with VKA rapidly restores VKDFs to hemostatic levels irrespective of the

postinfusion INR value, whereas treatment with plasma does not.
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Introduction

Vitamin K antagonists (VKAs) are the preferred oral anticoagulants for several clinical indications.1

Patients taking VKAs require anticoagulation reversal at instances of acute major bleeding or before
urgent surgical or invasive procedures.2,3 Reversal of VKAs involves the replacement of vitamin
K–dependent coagulation factors (VKDF) (factor II [FII], FVII, FIX, and FX), which was historically
achieved using plasma. However, the use of plasma typically achieves a slow or inadequate reversal of
the international normalized ratio (INR) and comes with the risk of a circulatory volume overload
because of the large transfusion volume required, allergic reactions, and rarely, infection transmission
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and transfusion-related acute lung injury.4,5 Prothrombin complex
concentrates (PCCs) are purified concentrates of VKDF that can
be administered in a smaller volume because they have a con-
centration of VKDF ~25× higher than that of plasma, which results
in an immediate restoration of VKDF and a decrease in INR.6,7 The
standard of care for reversal of VKA is now 4-factor PCC (4F-
PCC), as recommended by several society guidelines.5,8-11

Two phase 3b studies have demonstrated the superiority of
nonactivated 4F-PCC (Kcentra, CSL Behring) compared with
plasma for a rapid INR correction among patients requiring a VKA
reversal because of major bleeding or before an urgent surgical or
invasive procedure.7,12 Both studies demonstrated that 4F-PCC
was effective at achieving hemostasis and provided a more rapid
INR reversal than plasma with a similar safety profile.

Restoration of the INR to values <1.5 is commonly targeted to
achieve hemostasis in patients treated with VKA, but the relation-
ship between INR values, VKDF activities, and the level of hemo-
stasis has not been demonstrated. Of the 4 VKDFs, FII and FX are
considered critical for the surgical hemostasis (>40%-50% activ-
ity), whereas FVII is required in a very small quantity to initiate the
coagulation cascade (15%-20%) for major surgery, and FIX >50%
seems adequate for surgical hemostasis.13 The aims of this study
are to examine the impact of 4F-PCC vs plasma on INR reduction
and VKDF restoration and explore the relationship between INR
values and VKDF levels in patients with acute major bleeding or
patients requiring an urgent surgical procedure, with an additional
focus on the impact in the population undergoing surgery.
df/7/10/2206/2052527/blooda_adv-2022-009015-m
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Methods

A retrospective exploratory analysis of data from 2 prospective
phase 3b randomized controlled trials that compared the efficacy
of 4F-PCC with that of plasma for VKA reversal was performed
(NCT00708435 and NCT00803101).7,12 These trials included
patients treated with VKA (≥18 years of age) with an elevated INR
(≥2.0 within 3 hours before study treatment) receiving either 4F-
PCC or plasma after major bleeding or requiring an urgent surgical
or invasive procedure within 24 hours (see supplemental Figures 1
and 2 for the patient flow of these studies). Weight- and INR-based
dosing of 4F-PCC and plasma was used in both trials. Rapid INR
reduction (≤1.3) at 30 minutes after the end of infusion and plasma
levels of VKDF and proteins C and S were included among the
secondary end points of these clinical trials.7,12 In the individual
clinical trials, only INR values obtained within the specified time
frame of 30 minutes (±15 minutes) after infusion were included in
the final analysis.7,12 To replicate real-world practice, this retro-
spective analysis included all postinfusion INR values assessed,
irrespective of time of the laboratory sampling. The main outcomes
of this analysis were postinfusion INR values and VKDF levels.
Patients were dichotomized based on postinfusion INR values to
assess differences in VKDF activity. Analyses of VKDF activity
focused on the proportion of patients with activity levels >40% to
50%, the level considered sufficient for surgical hemostasis.13

The overall objectives of the study are to (1) examine the impact of
4F-PCC vs plasma on INR correction and VKDF restoration and (2)
evaluate the relationship between INR values and VKDF levels in
patients with acute major bleeding or those in need of an urgent
surgical/invasive procedure. Data were aggregated to reflect INR
23 MAY 2023 • VOLUME 7, NUMBER 10
correction and VKDF levels, with additional data analysis focused
on the population that underwent surgery.

Statistical analysis

Descriptive statistics were used to summarize the quantitative data
based on the median and interquartile range (IQR) and the cate-
gorical data based on percentages or proportions. To compare
proportions between defined study subgroups, the χ2 test for
homogeneity was used.

Results

Study population

In total, 202 patients with major bleeding (n = 98 received 4F-PCC
and n = 104 received plasma; supplemental Figure 1) and 168
patients requiring emergency and surgical/invasive procedure (n =
87 received 4F-PCC and n = 81 received plasma; supplemental
Figure 2) were included in these analyses. Patients were pooled
based on the treatment, resulting in 185 patients in the 4F-PCC
group and 185 patients in the plasma group. Postinfusion INR was
not available for 1 patient in the plasma group. The average 4F-
PCC dose was 2238 IU (28.1 IU/kg), and the average plasma dose
was 832 mL (10.6 mL/kg).

Postinfusion INR values

In total, 159 of 185 (85.9%) patients treated with 4F-PCC had an
INR ≤1.5 at the first time point, assessed at the end of infusion
(mean, 32 minutes; range, 1-151 minutes) compared with only 72
of 184 (39.1%) patients treated with plasma (mean, 54 minutes;
range, 1-1250 minutes) (Figure 1A). Inclusive of infusion times, the
INR corrected within 55 minutes after administering 4F-PCC and
209 minutes after administering plasma in these patients.

For the population that underwent surgeries, the mean infusion
time for 4F-PCC was 20.9 minutes (range, 7-85 minutes), and the
mean infusion volume was 90 mL (range, 48-200 mL). Treatment
with 4F-PCC rapidly corrected the INR, from a median baseline
value of 2.9 (IQR, 2.3-3.8) to a median of 1.3 (IQR, 1.2-1.6)
recorded 30 minutes after the end of the infusion (Figure 1B).
Patients treated with plasma received a mean infusion volume of
819 mL (range, 430-1500 mL) for a mean infusion time of 140.7
minutes (range, 28-590 minutes). Plasma corrected the INR more
slowly and incompletely than 4F-PCC (Figure 1B), from a median
baseline value of 2.9 (IQR, 2.5-4.1) to a median value of 1.7 (IQR,
1.5-2.1) recorded 30 minutes after the end of the infusion.

Postinfusion coagulation factor levels

Thirty minutes after starting the infusion, mean activity levels of all
VKDFs (FII, FVII, FIX, and FX) in the 4F-PCC group exceeded 50%
regardless of whether the patients achieved a postinfusion INR
≤1.5 or >1.5 (Figure 2; supplemental Table 1), with FII and FX
levels (key hemostatic factors for thrombin generation) >50% in
>90% and >89% of patients, respectively, compared with 14.7%
and 9.8%, respectively, in the plasma group (Table 1). The pro-
portion of patients with FII or FX levels >50% was significantly
higher at all measured time points post–4F-PCC treatment than
that of postplasma treatment (Table 1). All VKDF levels were
significantly higher in patients treated with 4F-PCC than in patients
treated with plasma regardless of patients achieving a postinfusion
INR ≤1.5 or >1.5 (supplemental Table 1).
INR AND FACTOR LEVELS AFTER VKA REVERSAL 2207
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Figure 1. Postinfusion INR rates. (A) Cumulative frequency distribution of INR values at 30 minutes after infusion and (B) Median INR values after treatment with 4F-PCC or

plasma (surgical population).
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The normalization of VKDF levels was slower for patients treated
with plasma than for patients treated with 4F-PCC (Figure 2).
Mean activity levels for FII and FX were <50% at all time points
assessed within 3 hours after starting the infusion, regardless of
whether the patient achieved a postinfusion INR ≤1.5 or >1.5
(Figure 2; supplemental Table 1). At the end of the plasma infu-
sion, 27.2% and 13.9% of the patients had FII and FX levels
>50%, respectively (3 hours after start of infusion time point;
Table 1).

Average VKDF levels at the time of hemostasis assessment (end of
surgery) were no different after treatment with 4F-PCC in those
patients achieving effective hemostasis (n = 45) compared with
those with ineffective hemostasis (n = 5), with mean FII and FX
levels >80% in both groups (Table 2). However, in patients
receiving plasma, average VKDF levels were significantly higher in
patients achieving effective hemostasis after surgery (n = 44, mean
FII 65% and FX 56%) than those with ineffective hemostasis (n =
6, mean FII 45% and FX 32%). Notably, patients with FVII >50%
seemed to have an INR <1.5, and as such may reflect INR variation
2208 HOOD et al
depending upon the international sensitivity index and VKDF
sensitivity of each prothrombin time reagent (Table 2).

Time to surgery after infusion

Patients receiving 4F-PCC were able to start surgery significantly
earlier after the start of infusion as compared with those receiving
plasma (median, 4F-PCC 3.6 hours vs plasma 8.8 hours; P = .04)
(Figure 3). Patients were able to start surgery in <3 hours after
starting the infusion in 44.8% of patients receiving 4F-PCC vs
28.4% of patients receiving plasma (P = .027).

Discussion

This retrospective analysis of data from 2 prospective phase 3b
randomized controlled trials demonstrated that 4F-PCC achieves
not only rapid correction of INR values but also rapid restoration of
hemostatic levels of VKDF, even when the postinfusion INR is still
elevated at >1.5 compared with plasma. Also, significantly higher
number of patients were able to undergo urgent surgery within 3
hours with 4F-PCC compared with plasma.
23 MAY 2023 • VOLUME 7, NUMBER 10
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Table 1. Proportion of patients (%) with coagulation factor levels >50% from the start of infusion after treatment with 4F-PCC or plasma

Factor

4F-PCC (n = 185) (%) Plasma (n = 184) (%) P-value (4F-PCC vs plasma)

All INR ≤1.5 INR >1.5 All INR ≤1.5 INR >1.5 All INR ≤1.5 INR >1.5*

FII

Time after start of infusion

0.5 hours 144 (90.6) 130 (95.6) 14 (60.9) 24 (14.7) 11 (17.7) 13 (13.0) < .0001 < .0001 < .0001

1 hour 158 (93.5) 141 (96.6) 17 (73.9) 30 (17.9) 14 (20.6) 16 (16.2) < .0001 < .0001 < .0001

3 hours 150 (96.2) 136 (97.8) 14 (82.4) 41 (27.2) 20 (35.7) 21 (22.1) < .0001 < .0001 < .0001

6 hours 136 (93.8) 122 (96.8) 14 (73.7) 54 (35.1) 27 (45.8) 27 (28.4) < .0001 < .0001 .0002

12 hours 89 (92.7) 77 (95.1) 12 (80.0) 49 (50.0) 24 (68.6) 25 (39.7) < .0001 .0003 .0082

24 hours 156 (90.2) 141 (94.6) 15 (62.5) 121 (69.9) 56 (81.2) 65 (63.1) < .0001 .0017 .96

FVII

Time after start of infusion

0.5 hours 83 (52.2) 74 (54.4) 9 (39.1) 32 (19.6) 13 (21.0) 19 (19.0) < .0001 < .0001 .038

1 hour 84 (49.7) 79 (54.1) 5 (21.7) 44 (26.2) 22 (32.4) 22 (22.2) < .0001 .003 .96

3 hours 77 (49.4) 72 (51.8) 5 (29.4) 49 (32.4) 29 (51.8) 20 (21.0) .0026 .999 .45

6 hours 85 (58.6) 79 (62.7) 6 (31.6) 69 (44.8) 37 (62.7) 32 (33.7) .017 .999 .86

12 hours 68 (70.8) 62 (76.5) 6 (40.0) 75 (76.5) 33 (94.3) 42 (66.7) .37 .033 .056

24 hours 138 (79.8) 125 (83.9) 13 (54.2) 150 (86.7) 66 (95.6) 83 (80.6) .084 .014 .0067

FIX

Time after start of infusion

0.5 hours 126 (79.2) 116 (85.3) 10 (43.5) 77 (47.2) 36 (58.1) 40 (40.0) < .0001 < .0001 .76

1 hour 140 (82.8) 128 (87.7) 12 (52.2) 78 (46.4) 42 (61.8) 35 (35.4) < .0001 < .0001 .14

3 hours 132 (84.6) 122 (87.8) 10 (58.8) 87 (57.6) 38 (67.9) 49 (51.6) < .0001 .001 .58

6 hours 125 (86.2) 113 (89.7) 12 (63.2) 118 (76.6) 51 (86.4) 67 (70.5) .034 .52 .52

12 hours 79 (82.3) 70 (86.4) 9 (60.0) 86 (87.8) 34 (97.1) 52 (82.5) .29 .1 .057

24 hours 144 (83.2) 130 (87.2) 14 (58.3) 159 (91.9) 67 (97.1) 91 (88.4) .015 .025 .0005

FX

Time after start of infusion

0.5 hours 142 (89.3) 127 (93.4) 15 (65.2) 16 (9.8) 7 (11.3) 9 (9.0) < .0001 < .0001 < .0001

1 hour 156 (92.3) 140 (95.9) 16 (69.6) 17 (10.1) 8 (11.8) 9 (9.1) < .0001 < .0001 < .0001

3 hours 144 (92.3) 134 (96.4) 10 (58.8) 21 (13.9) 11 (19.6) 10 (10.5) < .0001 < .0001 < .0001

6 hours 134 (92.4) 121 (96.0) 13 (68.4) 34 (22.1) 16 (27.1) 18 (19.0) < .0001 < .0001 < .0001

12 hours 88 (91.7) 77 (95.1) 11 (73.3) 35 (35.7) 17 (48.6) 18 (28.6) < .0001 < .0001 .0023

24 hours 153 (88.4) 139 (93.3) 14 (58.3) 110 (63.6) 53 (76.8) 56 (54.4) < .0001 .0005 .73

Number and percentage of patients treated with 4F-PCC or plasma with FII, FVII, FIX, and FX levels >50% at 0.5 hours, 1 hour, 3 hours, 6 hours, 12 hours, and 24 hours after the start of
infusion. Patients were stratified based on their INR being ≤1.5 or >1.5; the number and percentage of patients with INR ≤1.5 who had VDKF levels >50% after treatment with 4F-PCC or
plasma and equally for patients with INR >1.5 are also reported.
* The statistical significance between 4F-PCC and plasma for all patients, patients with INR ≤1.5, and with INR >1.5 for each VKDF and time after the start of infusion is provided in the last

column.
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Our results are consistent with those of previously published
studies, including those from a systematic review and meta-analysis
that concluded that PCCs are more likely to achieve INR correction
within a shorter time.14 In a study among patients with intracranial
hemorrhage and requiring VKA reversal, the time to reach INR <1.3
after plasma administration was 32 hours.15 Even when targeting
Figure 2. Postinfusion coagulation factor levels. Mean factor activity levels (%) from

INR level (INR >1.5, INR ≤1.5). Dotted green line indicates factor activity level of 50% wh

2210 HOOD et al
INR <1.4, patients treated with plasma exhibited significant delays
in INR correction at an average of 29 hours and for INR ≤1.5, an
average of 25 hours.15

PCC administration has previously been shown to have greater
efficacy than plasma in correcting all VKDF levels.16 Accordingly,
our data have shown an increase of 61% in FII levels in patients
the start of infusion after treatment with 4F-PCC or plasma according to postinfusion

ich is considered to be the minimum threshold for hemostatic levels.

23 MAY 2023 • VOLUME 7, NUMBER 10



Table 2. Factor activity levels and INR assessed at the time of

hemostasis

Hemostasis: yes

(mean ± SD)

Hemostasis: no

(mean ± SD) P-value

4F-PCC

Factor activity levels* n = 45 n = 5

FII 90.2 ± 25.2 85.8 ± 24.2 .72

FVII 65.7 ± 47.4 59.6 ± 13.9 .52

FIX 77.2 ± 29.4 70.8 ± 24.1 .6

FX 88.6 ± 27.7 83.4 ± 27.6 .71

Median INR† 1.2 (n = 62) 1.35 (n = 6) .40

Plasma

Factor activity levels* n = 44 n = 6

FII 64.6 ± 30.3 45.2 ± 12.7 .013

FVII 72.1 ± 56.0 44.5 ± 16.1 .016

FIX 77.5 ± 30.6 57.5 ± 7.8 .001

FX 56.3 ± 26.6 32.2 ± 7.9 < .001

Median INR† 1.4 (n = 56) 1.6 (n = 16) .002

Effective hemostasis was observed in 78 of 87 (90%) patients receiving 4F-PCC and in 61
of 81 (75%) patients receiving plasma (P = .0142). The values reflect data available within ±3
hours of the time of hemostasis assessment.
SD, standard deviation.
*Student t-test used for factor activity levels P-value.
†Brown-mood test used for INR P-value.
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receiving 4F-PCC (from 25.7% baseline to 86.7% after treatment
with 4F-PCC) compared with only an 18.1% increase in FII levels in
those receiving plasma (from 28.1% baseline to 46.2% after
treatment with plasma), suggesting that each unit of plasma
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increases FII levels by ~5%. In a study of patients requiring VKA
reversal, administration of ~4 units of plasma resulted in a
decrease of median INR from 8.95 to 2.3, whereas the activity
levels of factors II, VII, IX, and X increased from 3% to 10% to 17%
to 20%.16 Similar results were observed in a second study in which
a median of 3 units of plasma resulted in an increase in the activity
levels of factors II, V, and VII (from 25%-48% to 37%-58%; a
median increase of 10% to 12% in activity levels).17 Taking these
findings together, each unit of plasma increased factor activity
levels by ~3% to 5%,16,17 leading to a situation in which INR values
may be considered to be corrected (because of early increases in
FVII activity compared with FII or FX, mainly because of intravenous
vitamin K administered together with PCC or plasma), although the
risk of bleeding remains high.18 Therefore, complete normalization
of the hemostatic defect cannot be assumed to have occurred with
plasma administration alone.16,18 It is important to note that our
data reflect 2 studies that used a weight-based dosing approach
for plasma (10, 12, and 15 mL/kg based on INR), which is not
routinely done in clinical practice, and thus, often underdosed.

Our data further highlight that the VKDF levels and INR normalized
after administering 4F-PCC in both patients achieving and those not
achieving hemostasis. This suggests that other confounding patient
characteristics may be attributed to the ineffective hemostasis; how-
ever, this needs further exploration. On the contrary, after receiving
plasma, INR and VKDF levels were significantly higher (FII and FX
activity levels were 65% and 56%, respectively) only in patients
achieving hemostasis compared with those not achieving hemostasis
(FII and FX activity levels were 45% and 32%, respectively).

The rapid and effective correction of INR and restoration of
hemostatic levels of VKDFs affect the ability to operate on patients
treated with VKA who require urgent/emergent surgery. The
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be ready for surgery immediately after infusion of 4F-PCC,
compared with only a small proportion of patients receiving plasma.

The relationship between the extent of INR correction and VKDF
levels is probably variable. This may be because of variations
among different prothrombin time reagents based on their individ-
ual international sensitivity index and their sensitivities to different
VKDF, especially FVII.19,20 Complete INR correction after VKA
reversal is often considered to be ≤1.5, and this level has been
used as a primary end point in clinical studies assessing the ability
of PCCs to correct INR after VKA reversal.7,12,21,22 However, the
target INRs for VKA reversal vary widely depending on the clinical
context. In the perioperative setting, the postinfusion target INR is
typically <1.3 for neurosurgery and <1.5 for others, depending on
the level of bleeding risk associated with the procedure.3,23-25 In
this retrospective analysis, 4F-PCC rapidly restored VKDFs, irre-
spective of elevated INR levels (>1.5), suggesting that postinfusion
INR may not accurately reflect restoration of VKDF levels. Thus,
individual coagulation factor levels, FII and FX, provide a better
assessment of hemostasis than the INR of patients receiving 4F-
PCC for instances of major bleeding or before urgent surgical or
invasive procedures.26-28 With an adequate 4F-PCC dose, there is
a predictable increase in VKDF levels; therefore, there is no need to
monitor these factor levels in real life.

The strength of this study is that the INR and VKDF data are
obtained from 2 prospective randomized clinical trials with hemo-
static efficacy being the primary end point. This allowed us to
perform post hoc analyses, comparing INR, VKDF levels, and
clinical hemostasis.

There are limitations to this study that clinicians should be aware of
when interpreting these data. Firstly, this study was a retrospective
exploratory analysis that included many post hoc descriptive sta-
tistical analyses of 2 prospective randomized trials. Despite the
exploratory nature, descriptive values derived are representative of
clinical practice and are consistent with those of previously pub-
lished literature. Secondly, VKDF levels are a surrogate outcome,
and thus the relationship between these and patient outcomes
requires further research. Thirdly, institutions use different pro-
thrombin time reagents with different international sensitivity
indices, leading to potential variability in the INR values drawn at
different institutions in these trials; however, this also reflects true
clinical practice. In this study, the use of centralized coagulation
factor measurement was, therefore, a unique strength that
2212 HOOD et al
supported published literature using FII and FX >40% to 50% as
the surgical hemostatic levels.13 However, further research is
required to provide more data with regard to the VKDF levels
required for hemostasis in different clinical situations.

Conclusions

The results from this study demonstrate that 4F-PCC restores
VKDFs rapidly in most patients treated with VKA compared with
those treated with plasma, even if the postinfusion INR is >1.5.
These findings suggest that postinfusion INR may not accurately
reflect VKDF restoration because of the variability in prothrombin
time reagents at instances of major bleeding or before urgent
surgical/invasive procedures. Thus, patients receiving a sufficient
dose of 4F-PCC may be taken to the operating room irrespective of
complete INR correction.
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