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Abstract

Direct oral factor Xa (FXa) inhibitors are widely used for anticoagulation but a targeted antidote is not available. Four-factor
prothrombin complex concentrate (4FPCC) has been shown in observational studies to support hemostasis in most patients
with major bleeding related to FXa inhibitors with an acceptable rate of thromboembolic events. However, the effective-
ness of 4FPCC for reversal of FXa inhibitors prior to emergency surgery or invasive procedures is unclear. A retrospective
chart review was performed in patients that received 4FPCC at Hamilton General Hospital from 2015 to 2017. The primary
effectiveness outcome was based on the comment of the surgeon on the adequacy of the hemostasis. If no such comment
was documented, the case was discussed with a surgeon specialized in the type of surgery/procedure performed to obtain
their best opinion. The principal safety outcome was thromboembolic events including venous thromboembolism, ischemic
stroke, systemic embolism or myocardial infarction during 7 days after surgery. A total of 247 patients that had received
4FPCC were initially screened and 21 were on a FXa inhibitor and had emergency surgery/procedure. The mean age was
74+ 11 years, and 14 (66.7%) were males. Hemostasis was rated as good in most patients (18 of 21, 85.7%). There were
no thromboembolic events. The all-cause mortality rate was 28.6%; 2/3 of these patients had an intracranial hemorrhage.
Hemostasis was rated as good in most patients with no thromboembolic events observed. Prospective studies assessing the
safety and effectiveness of 4FPCC for this indication are needed.

Keywords Direct factor Xa inhibitors - Emergency surgery - Reversal - Prothrombin complex concentrate

Compared with warfarin, direct oral anticoagulants
(DOACS) have fewer drug interactions, do not require fre-

Background

Four direct oral anticoagulants (apixaban, dabigatran,
edoxaban, and rivaroxaban) have been shown in clinical tri-
als to be as effective as warfarin for prevention of stroke in
patients with atrial fibrillation and treatment and prevention
of venous thromboembolism (VTE) and associated with less
major bleeding [1, 2]. Dabigatran is a direct thrombin inhibi-
tor and the rest are direct factor Xa (FXa) inhibitors.
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quent laboratory monitoring, and are given at fixed doses.
However, despite having these positive attributes, dabigatran
is the only DOAC with an approved targeted antidote, idaru-
cizumab [3]. An antidote for direct FXa inhibitors is not
available but andexanet alpha is currently under investiga-
tion and the interim results of a phase III trial in patients
with major bleeding have been published [4].

Four-factor prothrombin complex concentrate (4FPCC)
successfully reversed the anticoagulant effects of direct FXa
inhibitors in healthy volunteers and animal studies [5-8]. In
addition, 4FPCC has been shown in observational studies
to achieve hemostasis in most patients with major bleeding
related to direct FXa inhibitors and seemed to have a low
rate of thromboembolic complications [9, 10]. However,
there are no studies on the use of 4FPCC for reversal of
direct FXa inhibitors prior to emergency surgeries or inva-
sive procedures.
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We reviewed consecutive cases in our hospital to deter-
mine the effectiveness of 4FPCC for direct FXa inhibitor
reversal in achieving adequate hemostasis during emergency
surgery or an invasive procedure and the incidence of throm-
boembolic events related to 4FPCC administration.

Materials and methods
Inclusion and exclusion criteria

A retrospective chart review was performed in patients that
received 4FPCC at Hamilton General Hospital from Janu-
ary 2015 to December 2017. This was based on informa-
tion from Transfusion Medicine on all patients for whom
4FPCC had been issued. Patients were included if they had
received 4FPCC <24 h prior to emergency surgery or inva-
sive procedure while on treatment with apixaban, edoxa-
ban, or rivaroxaban. Patients were excluded if (1) 4FPCC
was used for reversal of anticoagulant effects of warfarin
or for the management of coagulopathy, or (2) 4FPCC was
administered to reverse direct FXa-related bleeding during
or after a procedure. We obtained approval from the Ham-
ilton Integrated Research Ethics Board without the need for
informed consent.

Baseline characteristics

Patient demographics and clinical and laboratory data were
collected. The demographics included patient’s age, sex,
body weight and renal function. Clinical characteristics were
the use of additional anti-thrombotic agents including aspi-
rin and/or clopidogrel; and the type of surgical or invasive
procedure performed. The following parameters related to
treatments were collected: type (apixaban or rivaroxaban),
dose, indication, and the timing of the last dose of DOAC;
the dose of 4FPCC and the time elapsed from administration
of 4FPCC to the start of surgery; the use of other hemostatic
products such as cryoprecipitate, platelets, tranexamic acid,
activated PCC, or recombinant factor VIla. The use of other
blood products including fresh frozen plasma (FFP) and
red blood cells (RBCs) was also recorded. The laboratory
parameters reviewed were baseline hemoglobin level prior
to surgery, the first hemoglobin level after the surgery, and
the lowest hemoglobin level; the baseline creatinine; and the
closest international normalized ratio (INR) and anti-FXa
level, if available, prior to surgery. We calculated the drop in
hemoglobin during surgery as the difference between the last
hemoglobin before and the first hemoglobin after surgery,
with correction for transfusions, assuming that each unit of
RBC had increased the hemoglobin by 10 g/L. The creati-
nine clearance was calculated using the Cockcroft—Gault
formula.

Primary and secondary outcomes

The primary effectiveness outcome was based on the com-
ment by the surgeon if hemostasis was good/not good or that
there was no bleeding complication/was a bleeding com-
plication. If no such comment was documented, results of
hemoglobin values, the estimated blood loss (EBL), and the
operating report were discussed with a surgeon specialized
in the type of surgery/procedure performed to obtain their
opinion. Secondary effectiveness outcomes were transfu-
sions of RBC after 4FPCC, the corrected drop in hemo-
globin peri-operatively, and EBL after surgery. The principal
safety outcome was the incidence of thromboembolic com-
plications including VTE, ischemic stroke, systemic embo-
lism, or myocardial infarction during 7 days after surgery.
Secondary safety outcome was all-cause 30-day mortality.

Statistical analysis

Results are presented with mean and standard deviation for
variables with a normal distribution and with median and
interquartile range (IQR) for skewed distributions.

Results
Baseline characteristics

A total of 247 patients that had received 4FPCC were ini-
tially screened and 21 patients were included in the analy-
sis. The remaining patients were excluded as 4FPCC was
used for reversal of anticoagulant effects of warfarin or for
the management of coagulopathy (n=223), or 4FPCC was
administered to reverse direct FXa-related bleeding during
or after a procedure (n=3). The baseline characteristics of
the patients are listed in Table 1. The surgical characteristics
for each patient including the type of surgery, the surgeon’s
comment, transfusion of RBCs pre- and post surgery, as well
the time from the last dose of apixaban or rivaroxaban to the
administration of 4FPCC are listed in Table 2.

Hemostatic treatment

The hemostatic management given prior to the start of the
surgeries or procedures is outlined in Table 3. 4FPCC was
administered at a mean total dose of 2167 + 428 units and
a mean dose of 26 + 7 units/kg. 16 (76.2%) received 2000
units of 4FPCC, 4 (19%) had 3000 units, and 1 (4.8%)
had 1500 units, which was Octaplex® (Octapharma,
Lachen, Switzerland) in all patients. The reason for the
use of different 4FPCC doses was based on an empiric

@ Springer



488

S.Piran et al.

Table 1 Baseline characteristics

Characteristic Result
Age, years, mean +SD 74+11
Males (N; %) 14 (66.7)
Anti-platelet use (N; %) 3(14.3)
Body weight, kg, mean+SD 85+19
LOS after surgery, days, median (range) 6 (1-109)
Indication for anticoagulation (N; %)

Atrial fibrillation 13 (62)

VTE 4(19)

Atrial fibrillation and VTE 2(9.5)

Other 2(9.5)
Type of anticoagulant (N; %)

Apixaban 8 (38)

Rivaroxaban 13 (62)
Laboratory parameters

Creatinine, umol/L, median (IQR) 83 (67-95)

Creatinine clearance, mL/min, median (IQR) 76 (63-95)

INR, median (range)* 1.1 (1-1.5)

INR international normalized ratio, /QR interquartile range, LOS
length of stay, N number of patients, SD standard deviation, VTE
venous thromboembolism

*Eight of the 21 (38%) patients had an INR > 1.2

decision on a case-by-case situation. The median (IQR)
time from 4FPCC administration to the start of surgery
was 1 h (1-3). None of the patients received a second dose
of 4FPCC. 8 (38%) also received other hemostatic agents
prior to the start of the surgery/procedure; cryoprecipitate
alone (n=1), platelets and cryoprecipitate (n=2), platelets
alone (n=1), platelets and tranexamic acid (n=2), and
tranexamic acid alone (n=2). Of the five patients (23.8%)
who received platelets, three had one adult dose of plate-
lets, one received two adult doses of platelets, and one
received three adult doses of platelets. In addition, of the
five patients who received platelets, two were on an anti-
platelet medication (one was on Aspirin and the other was
on Plavix). None of the patients received activated PCC
or recombinant factor VIIa. The median (IQR) time from
4FPCC administration to the re-start of anticoagulation in
12 patients was 6 days (2—10). The timing of the re-start of
anticoagulation after 4FPCC administration was unknown
in two patients and anticoagulation was never re-started
in six patients who died during the 30-day follow-up. In
addition, one patient was on prophylactic anticoagulation
after a total hip replacement procedure prior to requiring
an emergency appendectomy, therefore anticoagulation
was discontinued after the latter surgery.

@ Springer

Effectiveness of 4FPCC

The primary and secondary outcomes are listed in Table 4.
The median (IQR) hemoglobin values were 125 g/L
(109-130), 111 g/L (102-119), and 87 g/L (78-101), prior
to operation, first hemoglobin after the operation, and the
lowest hemoglobin value, respectively. The median (IQR)
change in hemoglobin, the corrected change in hemoglobin,
and EBL after surgery were — 15 g/L (—21 to —3), —21 g/LL
(=36 to —10), and 200 mL (200625, n=8), respectively.
Three patients (14.3%) received RBC transfusions after sur-
gery: one patient received 6 units, one received 2 units, and
one received 1 unit of RBC. The latter two patients received
the RBC transfusions 2 days after surgery. Hemostasis was
rated as good in most patients (18 of 21, 85.7%). A 61-year
old male had a corrected change in hemoglobin of — 62 g/L.
This patient underwent laparotomy for repair of penetrating
stab wounds resulting in lacerations of epigastric vessels,
small bowel, and liver. The surgeon’s comment was that
“active bleeding from stab wounds was controlled by the
end of surgery and that surgical hemostasis was adequate”.
Two additional cases with excessive blood loss were due to
surgical technical failure. A 90-year old male had a repair of
type 1A aortic endoleak. The EBL after surgery was 2.5 L.
Since there was no comment available on the adequacy of
hemostasis during surgery, the case was discussed with
the surgeon who performed the initial surgery to obtain
their best opinion. The surgeon’s comment was that “this
was absolutely a surgical bleed, the stent did not seal the
aorta. As a result, there was a hole remaining. This was not
a failure of 4FPCC”. In addition, a 61-year old male had an
endovascular embolization, extensive coiling for a superior
mesenteric artery (SMA) bleeding by interventional radiol-
ogy (IR). However, he died of progressive intra-abdominal
bleeding and compartment syndrome after a failed IR-guided
coiling of an arterial active bleeding from a branch of the
SMA.

Safety of 4FPCC

There were no thromboembolic complications. An 80-year
old female who was on rivaroxaban for a left leg proximal
DVT diagnosed 10 days prior to having a laminectomy was
found to have persistence of her old DVT on compression
ultrasound 2 days after her surgery. A 61-year old male who
was on apixaban for a history of unprovoked PE 2 years prior
to having a laparotomy was reported to have suspected seg-
mental PE 2 days after his surgery. However, the computer-
ized tomography scan was discussed with an experienced
radiologist, who concluded that the filling defect seen was
likely an artifact and not a PE.

Six patients (28.6%) died during the hospital stay 1-17
days after the surgery; four had intracranial hemorrhage
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Table 3 Hemostatic management given prior to surgery/procedure

Characteristics Results
4FPCC dose, IU, mean + SD 2167 +428
4FPCC dose, IU/kg, mean=+SD 26+7
Patients transfused (N; %)
Cryoprecipitate 3(14.3)
FFP 6 (28.6)
Platelets 5(23.8)
RBCs 8 (38)
Transfusion units (median; range)
Cryoprecipitate 0(0-1)
FFP 0(0-8)
Platelets 0(0-2)
RBCs 0 (0-10)

4FPCC four-factor prothrombin complex concentrate, FP fresh fro-
zen plasma, [U international units, N number of patients, RBCs red
blood cells, SD standard deviation

Table 4 Primary and secondary outcomes

Outcome Results
Normal hemostasis (N; %) 18 (85.7%)
Change in hemoglobin (g/L), median (IQR) —15(-21to-3)

Corrected change in hemoglobin (g/L), median
(IQR)

Estimated blood loss, mL, median (IQR)?

All-cause mortality (N; %)

—21(=361t0 —10)

200 (200-625)
6 (28.6)

IQR interquartile range, N number of patients

*Estimated blood loss data was available for eight patients

(ICH) with poor prognosis prior to having a twist drill and
decompression, one had hydrocephalus and died as a result
of progressive brain herniation, and one died of progressive
intra-abdominal bleeding and compartment syndrome.

Discussion

This is the first report that has examined the effectiveness
and safety of 4FPCC for reversal of direct FXa inhibitors
prior to emergency surgery or invasive procedure. Hemosta-
sis was assessed as normal in most patients with no throm-
boembolic events observed.

Majority of the patients in our study received 4FPCC at
a low dose of 2000 units, which corresponds to about 25
units/kg for an 80 kg person. Of the six patients who had an
ICH, only one had a dose of 3000 units. The likely reason
for the use of a fixed dose of 2000 units is the presence of a
hospital protocol suggesting the use of this regimen for the
reversal of direct FXa inhibitor-related major bleeding [11].

This dose of 4FPCC was shown to reverse the rivaroxaban
anticoagulant activity in an ex-vivo study [5] and has been
shown in two observational studies to achieve hemostasis
in most patients with major bleeding related to direct FXa
inhibitors [10, 11]. Consensus algorithms recommend a dose
of 50 units/kg for reversal of FXa inhibitor-related major
bleeding [12, 13]. However, there is no recommended dose
available for reversal of urgent surgery. It is unclear if a
higher dose such as 50 units/kg could have improved the
outcomes, especially in patients presenting with an ICH.
Future studies comparing a low dose (for example 25 units/
kg) with 50 units/kg are needed.

The results of our study are similar to previous studies
that examined the safety and effectiveness of 4FPCC for
emergency reversal of warfarin anticoagulation [14, 15]. A
prospective study of 43 patients requiring emergency rever-
sal of warfarin anticoagulation, in which 26 had interven-
tional procedures and 17 had an acute bleeding, reported that
hemostatic efficacy was rated as very good or satisfactory in
most of the patients (42 of 43; 98%) [14]. One patient (2%)
with a history of metastatic cancer had a suspected fatal
PE; this was possibly related to 4FPCC administration [14].
Another prospective study of 61 patients requiring urgent
reversal of warfarin anticoagulation, in which 48 had inter-
ventional procedures and 13 had acute bleeding, found that
the efficacy of 4FPCC was “excellent” in the majority of the
patients (60 of 61; 98%). Two patients (3%) had a throm-
boembolic event. The authors concluded that the thrombo-
embolic complication rate was low and that these events
could have occurred without 4FPCC administration [15]. In
addition, similar to our study, Idarucizamab was effective in
reversing the anticoagulant effect of dabigatran and achiev-
ing normal hemostasis in the majority of patients (184 of
202; 93.4%) who had urgent surgery in the Reversal Effects
of Idarucizumab on Active Dabigatran (REVERSE-AD)
study [4]. However, the rate of thromboembolic events was
7.4%, which is higher compared with our study. This might
due to differences in sample size and baseline characteristics.

The mortality rate was 28.6% in our study, which is
higher than the rates of 7% [14] and 3% [15] reported in
previous reports of 4FPCC use for emergency reversal of
warfarin anticoagulation and 18.9% in the REVERSE-AD
study [4]. However, 2/3 of the patients that died in our study
had an ICH with poor prognosis prior to the neurosurgical
intervention. This can be compared with one patient [14]
and none of the patients [15] in the warfarin reversal cohorts
and 17 patients in the REVERSE-AD study [4] experiencing
ICH. Anticoagulant-related ICH is known to have a high
mortality rate [16].

Our study has limitations. First, this is a retrospective
study and there could have been a selection bias for using
4FPCC with the exclusion of severe cases. Second, the exact
timing of the last dose of the FXa inhibitor was more than
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24 h for three patients and missing for eight of the patients.
The timing of the last dose of apixaban or rivaroxaban was
patient self-reported; therefore it is possible that this was
misremembered (for example in those presenting with an
ICH). In addition, we did not have plasma levels of rivar-
oxaban or apixaban prior to the start of the surgery. Given
the short half-life of apixaban (12 h) [17] and rivaroxaban
(5-13 h) [18, 19], it is possible that the anticoagulant effect
was already low prior to the administration of 4FPCC in
some of the patients. An anti-Xa assay is a useful test to per-
form in directing therapeutic interventions as normal anti-Xa
activity likely excludes clinically relevant direct FXa levels
[20]. Third, we did not have a control group to enable us to
assess the true effect of the addition of 4FPCC to conserva-
tive management. Nonetheless, our study is the first report
that has addressed the use of 4FPCC in reversing the anti-
coagulant effect of direct FXa inhibitors prior to emergency
surgery or invasive procedure.

Conclusions

We found that hemostasis was normal in most patients with
no thromboembolic complications observed. Our results are
however limited by the absence of a control group and the
lack of information on the plasma levels of the direct FXa
inhibitors. Therefore, prospective studies assessing the safety
and effectiveness of 4FPCC for this indication are needed.
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