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Abstract
Background: Andexanet	 alfa	 (andexanet)	 and	 prothrombin	 complex	 concentrate	
(PCC)	are	both	reversal	agents	for	major	bleeding	in	patients	using	factor	Xa	inhibitors	
(FXaIs).	Our	aim	was	to	evaluate	the	current	evidence	for	the	effectiveness	and	safety	
of	andexanet	and	PCC	in	a	systematic	review	and	meta-	analysis.
Objectives: Primary	 objective	was	 hemostatic	 effectiveness.	 Secondary	 objectives	
were thromboembolic event rate and mortality.
Methods: A	systematic	review	was	performed	in	PubMed	and	Embase.	Studies	de-
scribing	the	effectiveness	and/or	safety	of	PCC	or	andexanet	in	patients	with	major	
bleeding	using	FXaIs	were	 included.	Meta-	analysis	was	performed	using	a	random-	
effects model.
Results: Seventeen	PCC	studies,	3	andexanet	studies,	and	1	study	describing	PCC	and	
andexanet	were	included,	comprising	1428	PCC-	treated	and	396	andexanet-	treated	
patients.	None	of	the	included	studies	had	control	groups,	hampering	a	pooled	meta-	
analysis	 to	 compare	 the	 two	 reversal	 agents.	 Separate	analyses	 for	 andexanet	and	
PCC	were	performed.	In	subgroup	analysis,	the	pooled	proportion	of	patients	with	ef-
fective	hemostasis	in	studies	that	used	Annexa-	4	criteria	demonstrated	a	hemostatic	
effectiveness	of	0.85	(95%	confidence	interval	[CI],	0.80-	0.90)	in	PCC	and	0.82	(95%	
CI,	0.78-	0.87)	in	andexanet	studies.	The	pooled	proportion	of	patients	with	thrombo-
embolic	events	was	0.03	(95%	CI,	0.02-	0.04)	in	PCC	and	0.11	(95%	CI,	0.04-	0.18)	in	
andexanet	studies.
Conclusion: Based on the available evidence with low certainty from observational 
studies,	PCC	and	andexanet	demonstrated	a	similar,	effective	hemostasis	in	the	treat-
ment	of	major	bleeding	in	patients	using	FXaIs.	Compared	to	PCC,	the	thromboem-
bolic	event	rate	appeared	higher	in	andexanet-	treated	patients.
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Essentials

•	 Andexanet	alfa	and	prothrombin	complex	concentrate	(PCC)	are	both	used	for	major	bleeding.
•	 We	evaluated	the	current	evidence	for	the	effectiveness	and	safety	of	andexanet	alfa	and	PCC.
•	 No	direct	comparisons	of	both	reversal	agents	were	available.
• Both reversal agents demonstrated good hemostatic effectiveness.

1  |  INTRODUC TION

Since	 the	 introduction	 of	 factor	 Xa	 inhibitors	 (FXaIs;	 rivaroxa-
ban	 in	 2008,	 apixaban	 in	 2011,	 and	 edoxaban	 in	 2015),	 there	
has been an urgent need for a reversal agent with proven ef-
fectiveness	and	safety.	Although	not	authorized	for	this	indica-
tion,	 extensive	 experience	 has	 been	 gained	 with	 prothrombin	
complex	concentrate	(PCC),	both	in	real	life	and	in	clinical	trials.	
Therefore,	current	guidelines	recommend	PCC	as	a	therapeutic	
option	 in	the	reversal	of	FXaI-	related	major	bleeding,	based	on	
expert	opinion.1-	5

PCC	 is	 known	 to	 provide	 a	 rapid	 and	 complete	 reversal	
of	 vitamin	 K	 antagonist	 (VKA)-	induced	 coagulopathy	 and	
is	 recommended	 in	 current	 guidelines	 for	 VKA-	associated	
major bleeding.1,5-	8	 Its	 safety	 has	 been	 studied	 extensively.	
A	 meta-	analysis	 reported	 a	 thromboembolic	 event	 rate	 of	
1.9%	 in	 patients	with	VKA	 coagulopathy	 treated	with	 PCC.9 
In	2019,	a	systematic	review	and	meta-	analysis	was	published	
concerning the effectiveness and safety of PCC in treating 
FXaI-	related	major	bleeding.10 The pooled proportion of pa-
tients	with	 hemostatic	 effectiveness	 using	 the	 ISTH	 criteria	
was	0.69	(95%	CI,	0.61-	0.76),	based	on	two	studies	 involving	
150 patients.10,11 The pooled proportion of patients with he-
mostatic	 effectiveness	determined	by	non-	ISTH	criteria	was	
0.77	(95%	CI,	0.63-	0.92),	based	on	eight	studies	involving	190	
patients.10

Recently,	 andexanet	 alfa	 (andexanet)	 was	 registered	 by	 the	
US	Food	and	Drug	Administration	(FDA)	and	European	Medicines	
Agency	(EMA)	for	the	indication	“neutralization	of	the	anticoagu-
lant	activity	of	apixaban	and	rivaroxaban	in	life-	threatening	or	un-
controlled bleeding.” This was done by an accelerated procedure 
based on the registration study because no alternatives for this 
life-	threatening	 indication	 were	 registered.12,13 The registration 
study	 of	 andexanet	 demonstrated	 a	 hemostatic	 effectiveness	 in	
208	of	254	(82%)	patients.12,13	However,	andexanet	is	not	widely	
available	due	to	its	high	costs,	which	form	an	important	obstacle	to	
adding it to the hospital formulary.

Since	the	registration	of	andexanet,	numerous	observational	
PCC	 and	 andexanet	 studies	 were	 published	 that	 have	 further	
explored	their	effectiveness	and/or	safety.	Up	to	now,	no	meta-	
analyses	are	available	on	the	effectiveness	and	safety	of	andexa-
net	and	PCC	for	the	stated	indication.	Therefore,	the	aim	of	this	
meta-	analysis	was	to	evaluate	the	current	evidence	of	the	effec-
tiveness	 and	 safety	 of	 andexanet	 and	 PCC	 in	 the	 treatment	 of	
FXaI-	related	major	bleeding.

2  |  METHODS

2.1  |  Search strategy

The	databases	of	PubMed	and	Embase	were	systematically	searched,	
with	articles	included	up	to	June	26,	2020.	The	search	strategy	can	
be	found	in	Appendix	S1.	Inclusion	criteria	were	cohort	studies	and	
randomized	 controlled	 trials	 examining	 the	 effectiveness	 and/or	
safety	of	andexanet	or	PCC.

2.2  |  Study selection

All	 studies	 examining	 hemostatic	 effectiveness,	 thromboembolic	
events,	and/or	mortality	of	andexanet	or	PCC	for	the	indication	major	
bleeding	in	patients	treated	with	oral	FXaIs	were	included.	As	rand-
omized	controlled	trials	on	this	indication	are	challenging	and	there-
fore	could	be	scarce	or	absent,	observational	 studies	could	also	be	
included.	Studies	with	a	sample	size	≤10	patients	were	excluded,	as	
well	as	studies	from	which	outcome	measures	could	not	be	extracted	
for the subgroup of patients with major bleeding (in studies that also 
included	perioperative	use	of	PCC/andexanet).	Two	authors	(TJ	and	
KS)	independently	reviewed	the	title,	abstract,	and	full	text	of	the	arti-
cles. Disputes were resolved by joint review and consensus. If consen-
sus	was	not	reached,	a	third	author	(NK)	made	the	decision	whether	
to include articles.

2.3  |  Data extraction

Data	of	the	final	set	of	articles	were	extracted	by	TJ	and	indepen-
dently	checked	by	KS.	Extracted	data	of	 interest	were	study	char-
acteristics	such	as	number	of	patients,	study	design,	 inclusion	and	
exclusion	criteria,	follow-	up,	and	outcomes	of	interest.	For	the	defi-
nition	of	major	bleeding,	it	was	verified	whether	standardized	crite-
ria were used.14,15

2.4  |  Risk of bias and study quality assessment

Two	authors	 (TJ	and	KS)	assessed	the	quality	of	 the	observational	
studies	 according	 to	 two	 methods.	 The	 methodological	 index	 for	
nonrandomized	studies	(MINORS)	method	was	developed	and	vali-
dated	to	assess	the	methodological	quality	of	nonrandomized	stud-
ies	on	a	16-	point	scale.16
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The	risk	of	bias	assessment	tool	for	nonrandomized	studies	(RoBANS)	
method	was	developed	and	validated	to	determine	the	bias	risk	for	non-
randomized	 studies.17	 According	 to	 the	 RoBANS	method,	 the	 bias	 risk	
was	scored	in	six	different	domains:	patient	selection,	risk	of	confound-
ing,	intervention	measurement,	blinding	of	assessors,	incomplete	outcome	
data,	and	selective	outcome	reporting.	For	each	domain,	the	risk	of	bias	
was	scored	as	low,	medium,	or	high.	The	overall	bias	risk	of	each	study	was	
classified by showing the mean score as the final score. If the mean score 
was	 between	 two	 classifications,	 both	 classifications	 were	 mentioned.	
Important	criteria	for	the	quality	assessment	were,	among	others,	the	in-
clusion	of	consecutive	patients,	usage	of	standardized	criteria	to	define	a	
major	bleeding,	prospective	collection	of	data,	unbiased	evaluation	of	end	
points,	usage	of	ISTH	criteria	to	define	hemostatic	effectiveness,	an	appro-
priate	follow-	up	period	of	≥14	days,	and	a	small	loss	to	follow-	up	of	≤5%.

2.5  |  Outcome measures

The primary outcome was hemostatic effectiveness as assessed 
in the included studies. The safety parameters thromboembolic 
events and mortality were reviewed as secondary outcomes. 
Thromboembolic	events	included	deep	vein	thrombosis,	pulmonary	
embolism,	myocardial	 infarction,	 and/or	 stroke.	Mortality	was	 de-
fined as death from any cause.

2.6  |  Meta- analysis

Because	no	direct	comparative	studies	were	found,	the	safety	and	
effectiveness	of	andexanet	and	PCC	could	not	be	compared	directly	
by	meta-	analysis.	Therefore,	 single-	arm	event	 rates	on	hemostatic	
effectiveness,	 thromboembolic	events	and	mortality	were	pooled,	
using	the	DerSimonian-	Laird	random	effects	model.

Crude	pooled	proportions	with	95%	confidence	intervals	(CIs)	of	pa-
tients with the outcomes were calculated. Forest plots were used to dis-
play	the	results	graphically.	Subgroup	analysis	was	performed	on	the	used	
criteria	for	hemostatic	effectiveness:	ISTH,	Annexa-	4,	and	other	nonstan-
dardized	 criteria.	Heterogeneity	 among	 studies	was	 assessed	with	 the	
I2 statistic. Interpretation of I2	of	30%	to	60%	may	represent	moderate	
heterogeneity,	and	substantial	heterogeneity	was	defined	as	I2	>	60%.18 
All	analyses	were	performed	with	Jamovi	(version	1.2,	Sydney,	Australia).

The	Preferred	Reporting	Items	for	Systematic	Reviews	and	Meta-	
Analysis	guideline	was	 followed.	The	 review	protocol	of	 this	meta-	
analysis was not registered prospectively in an international database.

3  |  RESULTS

3.1  |  Study selection

Using	the	search	criteria,	a	total	of	551	articles	were	retrieved.	After	
screening,	21	studies	were	 included	 in	 the	systematic	 review.	The	
study selection is provided in Figure 1.

3.2  |  Study characteristics

Seventeen	PCC	studies,	3	andexanet	 studies	and	1	study	describing	
PCC	and	andexanet	both	were	included,	comprising	1428	PCC-	treated	
patients	 and	396	andexanet-	treated	patients.	No	direct	 comparative	
studies	were	found,	and	none	of	the	studies	had	control	groups.	Only	
4	PCC	studies	and	1	andexanet	study	had	a	prospective	design.	Of	the	
PCC	studies,	7	had	a	follow-	up	until	discharge,	and	10	had	a	follow-	up	
of	≥30	days.	All	the	andexanet	studies	had	a	30-	day	follow-	up.	One	ar-
ticle (Barra et al35)	studied	both	PCC	and	andexanet	in	an	observational,	
retrospective	study	design	with	a	follow-	up	of	30	days.	Study	details	
are included in Table 1.

Nine	PCC	studies,	one	andexanet	study,	and	the	study	with	both	
reversal agents included only patients with intracerebral hemorrhage 
(ICH).	The	vast	majority	of	the	included	studies	had	a	mean	or	median	
age	≥75	years.	Fifteen	PCC	studies	and	two	andexanet	studies	used	
standardized	criteria	of	the	ISTH	to	define	a	major	bleeding.	No	other	
standardized	definitions	for	a	major	bleeding	were	used.	The	registra-
tion	study	of	andexanet	 (Annexa-	4),	which	comprises	352	patients,	
did	not	use	a	standardized	definition	for	a	major	bleeding.

For	 hemostatic	 effectiveness,	 the	 standardized	 ISTH	 crite-
ria	were	 adopted	 in	 five	 PCC	 studies	 (Table	 3).	 In	Annexa-	4,	 self-	
defined	criteria	to	assess	hemostatic	effectiveness	were	used.	After	
its	publication,	three	PCC	and	two	other	andexanet	studies	used	the	
Annexa-	4	criteria	for	assessment	of	hemostatic	effectiveness.

F I G U R E  1 Study	selection.	1	Reason	for	exclusion:	updates/
reviews:	132,	editorial/expert	opinion:	50,	ex	vivo/in	vitro	study:	
44,	perioperative	usage:	35,	no	major	bleeding	in	FXa-	I	users:	30,	
no	PCC	or	andexanet	used:	25,	study	in	healthy	volunteers:	19,	
case	reports:	18,	guideline:	18,	study	in	animals:	12,	cost-	efficacy	
analysis:	4,	erratum:	2,	survey:	1,	preliminary	results:	1.	2 Reason 
for	exclusion:	review:	26,	no	major	bleeding	in	FXa-	I	users:	7,	ex	
vivo/in	vitro	study:	3,	healthy	volunteers:	2,	no	relevant	outcome	
measures:	2,	preliminary	results:	1,	no	PCC	or	and	exanet	used:	
1,	≤10	patients:	1,	survey:	1.	3	Reason	for	exclusion:	Outcome	
measures	could	not	be	extracted	for	the	study	population	‘major	
bleeding	while	using	FXa-	I,	treated	with	andexanet	or	PCC’:	27,	
review:	17,	editorial/expert	opinion:	11,	case	reports:	6,	≤10	
patients:	5,	no	major	bleeding	in	FXa-	I	users:	5,	perioperative	
usage:	2,	in	vitro	study:	1

551articles found in PubMed and
Embase that have been screened

on title
391articles excluded1

160 articles included based on title 

116 articles included based on
abstract

44  articles excluded2

21 duplicate articles 
42 articles included based on full-text

74 articles excluded3

21 articles included
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TA B L E  1 Baseline	characteristics	of	the	studies	included

Ref. Treatment Dose Study design No. of FXaI patients
Type of 
bleeding, % Type of FxaI, %

Age, y, mean (SD) or 
median [IQR] Additional inclusion and exclusion criteria Definition MBE Follow- up

Grandhi19 PCC 25-	50	U/kg Retrospective,	
observational,	
single-	center

18 100.0: ICH 88.9:	rivaroxaban
11.1:	apixaban

79.7	(10.9) Inclusion: only patients with an ICH
Exclusion: use of plasma

ISTH Until	discharge

Majeed20 PCC 25	U/kg Prospective,	observational,	
multicenter

84 70.2: ICH
15.5: GIH
14.3: other

53.6:	rivaroxaban
46.4:	apixaban

75.0 [70.0– 83.0] Exclusion:	use	of	other	hemostatics	(plasma,	
platelets,	aPCC,	or	factor	VIIa),	ACS	or	CVA	in	
the	past	30	d,	Hb	decline	without	focus,	and	a	do	
not resuscitate policy

ISTH 30 d

Gerner21 PCC 25-	50	U/kg Retrospective,	
observational,	
multicenter

94 100.0: ICH 86.2:	rivaroxaban
13.8:	apixaban

77.5	(7.6) Inclusion: only patients with an ICH
Exclusion:	ICH	related	to	trauma,	tumor,	

arteriovenous	malformation,	aneurysmal	
subarachnoid	hemorrhage,	acute	thrombolysis,	
or other coagulopathies

ISTH 3 months

Schulman22 PCC ±25	U/kg	(2000	
U	fixed	dose)

Prospective,	observational,	
multicenter

66 55.0: ICH
24.0: GIH
21.0: other

56.1:	rivaroxaban
43.9:	apixaban

76.9	(10.4) Exclusion:	use	of	other	hemostatics	(plasma,	
platelets,	aPCC	or	factor	VIIa),	ACS	or	CVA	in	
past	30	d,	Hb	decrease	without	focus	and	a	do	
not resuscitate policy

ISTH 30 d

Harrison 23 PCC 25-	50	U/kg Retrospective,	
observational,	
multicenter

14 100.0: ICH NR 74	(8) Inclusion: only patients with an ICH
Exclusion:	usage	of	fresh	frozen	plasma

ISTH Unknown

Testa24 PCC NR Prospective,	observational,	
multicenter

27 45.3: ICH
35.9: GIH
18.8: other

74.1:	rivaroxaban
25.9:	apixaban

79 [74– 85] NA ISTH Until	discharge	and	
after	six	months

Allison	25 PCC 35	U/kg Retrospective,	
observational,	
single-	center

33 90.9 ICH
6.1:	GIH
3.0 other

81.8:	rivaroxaban
18.2:	apixaban

73	(14.8) Exclusion: pregnant and incarcerated patients A	life-	threatening	or	potentially	life-	
threatening	bleed	requiring	emergency	
surgery	or	invasive	procedure,	acute	
bleeding	associated	with	a	fall	in	Hb	≥2	g/
dL	within	48	h,	and	bleeding	requiring	
blood product transfusion

Until	discharge

Sheikh-	Taha	
(PCC)	26

PCC 50	U/kg Retrospective,	
observational,	
single-	center

29 72.4: ICH
13.8: GIH
13.8: other

55.2:	rivaroxaban
44.8:	apixaban

73.8	(12.0) NA ISTH Until	discharge

Arachchillage27 PCC 25	U/kg Retrospective,	
observational,	
single-	center

80 57.5: ICH
30.0: GIH
12.5: other

50.0:	rivaroxaban
50.0:	apixaban

76.3	(7.9) NA MBE	was	related	to	receiving	PCC;	per	
protocol,	only	patients	with	a	MBE	
(defined	by	ISTH)	were	eligible	for	PCC

30 d

Stevens28 Andexanet PP Retrospective,	
observational,	
single-	center

13 46.2:	ICH
53.8: other

30.8:	rivaroxaban
69.2:	apixaban

69	(10) NA A	potentially	life-	threatening	bleeding	
with	signs	of	hemodynamic	instability,	
bleeding	with	Hb	drop	≥2	g/dl	(or	Hb	
≤8	g/dl	if	no	baseline),	or	bleeding	in	a	
critical	area	or	organ	(retroperitoneal,	
intra-	articular,	pericardial,	epidural,	
intracranial,	or	intramuscular	with	
compartment	syndrome)

30 d

Dybdahl29 PCC 50	U/kg Retrospective,	
observational,	
multicenter

35 100.0: ICH 51.4:	rivaroxaban
48.6:	apixaban

78.9	(8.9) Inclusion: only patients with an ICH ISTH Until	discharge

Connolly 12 Andexanet PP,	which	
changed 
during the 
study period

Prospective,	observational,	
multicenter

352 for safety analysis
254 for effectiveness 

analysis

Safety	
analysis:

64.5:	ICH
25.6:	GIH
9.9: other
Efficacy 

analysis:
67.3:	ICH
24.4: GIH
8.3: other

Safety	analysis:
36.4:	rivaroxaban
55.1:	apixaban
2.8:	edoxaban
Efficacy analysis:
39.4:	rivaroxaban
52.8:	apixaban
1.6:	edoxaban

Safety	analysis:	77.4	(10.8)
Efficacy analysis: 77.1 

(11.1)

Exclusion:	ICH	patients	with	a	GCS	score	≤7	or	a	
hematoma	volume	of	≥60	mL.	Patients	with	
scheduled	surgery	within	12	h	of	andexanet,	
life	expectancy	<1	mo,	thrombotic	event	in	the	
past 14 d. Patients who have received vitamin K 
antagonists,	dabigatran,	PCC,	factor	VIIa,	blood	
or plasma

Additional exclusion criteria for the efficacy analysis: 
patients	with	an	anti–	factor	Xa	activity	<75	ng/
mL	or	patients	without	a	confirmed	MBE

A	potentially	life-	threatening	bleeding	
with	signs	of	hemodynamic	instability,	
bleeding	with	Hb	drop	≥2	g/dl	(or	Hb	
≤8	g/dl	if	no	baseline),	or	bleeding	in	a	
critical	area	or	organ	(retroperitoneal,	
intra-	articular,	pericardial,	epidural,	
intracranial,	or	intramuscular	with	
compartment	syndrome)

30 d

(Continues)
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Exclusion:	ICH	related	to	trauma,	tumor,	

arteriovenous	malformation,	aneurysmal	
subarachnoid	hemorrhage,	acute	thrombolysis,	
or other coagulopathies

ISTH 3 months

Schulman22 PCC ±25	U/kg	(2000	
U	fixed	dose)

Prospective,	observational,	
multicenter

66 55.0: ICH
24.0: GIH
21.0: other

56.1:	rivaroxaban
43.9:	apixaban

76.9	(10.4) Exclusion:	use	of	other	hemostatics	(plasma,	
platelets,	aPCC	or	factor	VIIa),	ACS	or	CVA	in	
past	30	d,	Hb	decrease	without	focus	and	a	do	
not resuscitate policy

ISTH 30 d

Harrison 23 PCC 25-	50	U/kg Retrospective,	
observational,	
multicenter

14 100.0: ICH NR 74	(8) Inclusion: only patients with an ICH
Exclusion:	usage	of	fresh	frozen	plasma

ISTH Unknown

Testa24 PCC NR Prospective,	observational,	
multicenter

27 45.3: ICH
35.9: GIH
18.8: other

74.1:	rivaroxaban
25.9:	apixaban

79 [74– 85] NA ISTH Until	discharge	and	
after	six	months

Allison	25 PCC 35	U/kg Retrospective,	
observational,	
single-	center

33 90.9 ICH
6.1:	GIH
3.0 other

81.8:	rivaroxaban
18.2:	apixaban

73	(14.8) Exclusion: pregnant and incarcerated patients A	life-	threatening	or	potentially	life-	
threatening	bleed	requiring	emergency	
surgery	or	invasive	procedure,	acute	
bleeding	associated	with	a	fall	in	Hb	≥2	g/
dL	within	48	h,	and	bleeding	requiring	
blood product transfusion

Until	discharge

Sheikh-	Taha	
(PCC)	26

PCC 50	U/kg Retrospective,	
observational,	
single-	center

29 72.4: ICH
13.8: GIH
13.8: other

55.2:	rivaroxaban
44.8:	apixaban

73.8	(12.0) NA ISTH Until	discharge

Arachchillage27 PCC 25	U/kg Retrospective,	
observational,	
single-	center

80 57.5: ICH
30.0: GIH
12.5: other

50.0:	rivaroxaban
50.0:	apixaban

76.3	(7.9) NA MBE	was	related	to	receiving	PCC;	per	
protocol,	only	patients	with	a	MBE	
(defined	by	ISTH)	were	eligible	for	PCC

30 d

Stevens28 Andexanet PP Retrospective,	
observational,	
single-	center

13 46.2:	ICH
53.8: other

30.8:	rivaroxaban
69.2:	apixaban

69	(10) NA A	potentially	life-	threatening	bleeding	
with	signs	of	hemodynamic	instability,	
bleeding	with	Hb	drop	≥2	g/dl	(or	Hb	
≤8	g/dl	if	no	baseline),	or	bleeding	in	a	
critical	area	or	organ	(retroperitoneal,	
intra-	articular,	pericardial,	epidural,	
intracranial,	or	intramuscular	with	
compartment	syndrome)

30 d

Dybdahl29 PCC 50	U/kg Retrospective,	
observational,	
multicenter

35 100.0: ICH 51.4:	rivaroxaban
48.6:	apixaban

78.9	(8.9) Inclusion: only patients with an ICH ISTH Until	discharge

Connolly 12 Andexanet PP,	which	
changed 
during the 
study period

Prospective,	observational,	
multicenter

352 for safety analysis
254 for effectiveness 

analysis

Safety	
analysis:

64.5:	ICH
25.6:	GIH
9.9: other
Efficacy 

analysis:
67.3:	ICH
24.4: GIH
8.3: other

Safety	analysis:
36.4:	rivaroxaban
55.1:	apixaban
2.8:	edoxaban
Efficacy analysis:
39.4:	rivaroxaban
52.8:	apixaban
1.6:	edoxaban

Safety	analysis:	77.4	(10.8)
Efficacy analysis: 77.1 

(11.1)

Exclusion:	ICH	patients	with	a	GCS	score	≤7	or	a	
hematoma	volume	of	≥60	mL.	Patients	with	
scheduled	surgery	within	12	h	of	andexanet,	
life	expectancy	<1	mo,	thrombotic	event	in	the	
past 14 d. Patients who have received vitamin K 
antagonists,	dabigatran,	PCC,	factor	VIIa,	blood	
or plasma

Additional exclusion criteria for the efficacy analysis: 
patients	with	an	anti–	factor	Xa	activity	<75	ng/
mL	or	patients	without	a	confirmed	MBE

A	potentially	life-	threatening	bleeding	
with	signs	of	hemodynamic	instability,	
bleeding	with	Hb	drop	≥2	g/dl	(or	Hb	
≤8	g/dl	if	no	baseline),	or	bleeding	in	a	
critical	area	or	organ	(retroperitoneal,	
intra-	articular,	pericardial,	epidural,	
intracranial,	or	intramuscular	with	
compartment	syndrome)

30 d

(Continues)
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3.3  |  Study quality

All	included	studies	lacked	a	control	group	and	therefore	had	a	high	
risk	of	confounding	and	selection	bias.	The	majority	of	studies	had	a	
retrospective	design;	only	four	PCC	studies	and	one	andexanet	study	
had	a	prospective	patient	enrollment.	Study	quality	of	observational	
studies	was	assessed	according	to	the	MINORS	and	RoBANS	meth-
ods and are shown in Table 2. Detailed information about the assess-
ment	of	each	included	study	is	included	in	Appendix	S4.

Of	the	PCC	studies,	eight	were	of	moderate	quality	with	a	low	to	
medium	bias	risk,	and	six	were	of	low	quality	with	a	medium	to	medium-	
high	bias	risk.	The	PCC	studies	by	Majeed	et	al,20	Schulman	et	al,22 and 
Bavalia et al36	were	high-	quality	studies	with	a	low	risk	of	bias.

Of	the	andexanet	studies,	none	were	graded	as	high	quality.	The	
andexanet	studies	by	Stevens	et	al28 and Barra et al35 were graded of 
moderate	quality	with	a	low-	medium	and	medium	bias	risk,	respec-
tively. The studies by Connolly et al12 and Brown et al32 were graded 
of	 low	 quality	with	 a	 high	 bias	 risk.	 This	was	mainly	 due	 to	 strict	

Ref. Treatment Dose Study design No. of FXaI patients
Type of 
bleeding, % Type of FxaI, %

Age, y, mean (SD) or 
median [IQR] Additional inclusion and exclusion criteria Definition MBE Follow- up

Smith30 PCC 25	–		50	U/kg Retrospective,	
observational,	
single-	center

31 58.1: ICH
3.2: GIH
38.6:	other

45.2:	rivaroxaban
54.8:	apixaban

74	[69–	84] Exclusion:	ICH	and	GCS	score	≤7	or	ACS	or	CVA	in	
the past 30 d

Bleed	in	a	critical	location,	a	life-	threatening	
bleed	that	requires	surgery	or	an	invasive	
procedure,	or	a	bleed	that	requires	a	
blood transfusion

Until	discharge

Sheikh-	Taha	
(aPCC)31

PCC 25	−50	U/kg Retrospective,	
observational,	
single-	center

35 51.4: ICH
28.6:	GIH
20.0: other

42.9:	rivaroxaban
57.1:	apixaban

75.9	(14) NA ISTH Until	discharge

Brown32 Andexanet PP Retrospective,	
observational,	
multicenter

13 for safety 
analysis∆

11 for effectiveness 
analysis

100.0: ICH Safety	analysis:
23.1:	rivaroxaban
76.9:	apixaban

Safety	analysis:
75.2	(13.5)

NA ISTH 30 d

Reynolds 33 PCC 25	–		50	U/kg Retrospective,	
observational,	
single-	center

31 for safety analysis
28 for effectiveness 

analysis

100.0: ICH Safety-	analysis:
54.8:	rivaroxaban
45.2:	apixaban

Safety	analysis:
77	[68–	84]

NA ISTH 7 d

Panos 34 PCC 25	–		50	U/kg Retrospective,	
observational,	
multicenter

663	for	safety	analysis
433 for effectiveness 

analysis

100.0: ICH Safety	analysis:
44.8:	rivaroxaban
55.2:	apixaban
Efficacy analysis:
46.0:	rivaroxaban
54.0:	apixaban

Safety	analysis:	>65:	
14.6%

65–	75:	26.4%
>75: 59.0%
Efficacy analysis:
>65:	12.5%
65–	75:	24.5%
>75:	63.0%

Inclusion: only patients with an ICH
Exclusion:	pregnant	or	lactating	patients,	withdrawal	

of	care	within	24	h	of	admission.	Exclusion	from	
effectiveness	analysis	when	a	follow-	up	image	
was not present within the first 24 h of PCC 
administration

Additional exclusion criteria for the efficacy analysis: 
patients	without	a	follow-	up	image	of	the	brain	
within 24 h of PCC administration

ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Barra 35 PCC 25	–		50	U/kg Retrospective,	
observational,	two-	
arm,	single-	center

11 PCC 100.0: ICH 72.7:	rivaroxaban
27.3:	apixaban

71.0	[68.7–	73.2] Inclusion: only patients with an ICH ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Andexanet PP 18	andexanet 16.7:	rivaroxaban
83.3:	apixaban

83.4 [70.3– 88.8]

Bavalia 36 PCC 50	U/kg Prospective,	observational,	
multicenter

51 59.2: ICH
36.8:	GIH
13.2: other

71.0:	rivaroxaban
21.1:	apixaban
7.9:	edoxaban

75	(11) NA ISTH 30 d

Korobey37 PCC 50	U/kg Retrospective,	
observational,	
single-	center

59 100.0: ICH 32.2:	rivaroxaban
67.8:	apixaban

78.5	(10.9) Inclusion: only patients with an ICH
Exclusion:	neuro	intervention	prior	to	repeat	imaging,	

died or had care withdrawn prior to repeat 
imaging

ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Castillo38 PCC 25	–		50	U/kg Retrospective,	
observational,	
multicenter

67 100.0: ICH 56.7:	rivaroxaban
43.3:	apixaban

77.6	(13) Inclusion: only patients with an ICH
Exclusion:	(acute	on)	chronic	ICH,	neurosurgical	

intervention	between	baseline	and	12-	h	
follow-	up	scan,	or	an	ICH	volume	≥60	mL

ISTH Until	discharge

Note: ISTH,	MBE	in	nonsurgical	patients	is	defined	as	having	a	symptomatic	presentation	and:	fatal	bleeding;	and/or	bleeding	in	a	critical	area	or	
organ,	such	as	intracranial,	intraspinal,	intraocular,	retroperitoneal,	intra-	articular,	pericardial,	or	intramuscular	with	compartment	syndrome;	and/or	
bleeding	giving	a	hemoglobin	drop	of	2	g/dL	(1.24	mmol/L)	or	more,	or	resulting	in	transfusion	of	two	of	more	units	of	whole	blood	or	red	cells.14	∆	
Only patients with ICH are shown; 3 surgical patients and 9 patients of which the severity of the bleed is not described are not shown.
Abbreviations:	ACS,	acute	coronary	syndrome;	aPCC,	activated	prothrombin	complex	concentrate;	CVA,	cerebrovascular	accident;	GCS,	Glascow	
Coma	Scale;	GIH,	gastrointestinal	hemorrhage;	Hb,	hemoglobin;	ICH,	intracranial	hemorrhage;	ISTH,	International	Society	on	Thrombosis	and	
Haemostasis,	IQR,	interquartile	range;	MBE,	major	bleeding	event	(uncontrolled	or	life-	threatening	bleeding);	NA,	not	applicable;	NR,	not	reported;	
PCC,	prothrombin	complex	concentrate;	PP,	per	protocol	(low-	dose	400	mg	in	30	min,	followed	by	480	mg	in	2	h,	high-	dose	800	mg	in	30	min,	
followed	by	960	mg	in	2	h);	SD,	standard	deviation;	TE,	thromboembolic	event.

TA B L E  1 (continued)
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selection	 criteria,	 not	 using	 an	 intention-	to-	treat	 analysis,	 and	not	
using	standardized	criteria	for	defining	major	bleeding	and	assessing	
hemostatic effectiveness.

3.4  |  Outcome measures

The	study	results	based	on	hemostatic	effectiveness,	thromboem-
bolic	events,	and	mortality	are	shown	in	Table	3.	Forest	plots	of	the	

pooled outcome proportions are provided in Figure 2. Forest plots 
of the subgroup analysis for hemostatic effectiveness are provided 
in	Appendix	S3.

3.4.1  |  Prothrombin	complex	concentrate	studies

Two	hundred	thirty-	three	of	1428	PCC-	treated	patients	from	safety	
analyses	were	excluded	from	hemostatic	effectiveness	analyses.	In	

Ref. Treatment Dose Study design No. of FXaI patients
Type of 
bleeding, % Type of FxaI, %

Age, y, mean (SD) or 
median [IQR] Additional inclusion and exclusion criteria Definition MBE Follow- up

Smith30 PCC 25	–		50	U/kg Retrospective,	
observational,	
single-	center

31 58.1: ICH
3.2: GIH
38.6:	other

45.2:	rivaroxaban
54.8:	apixaban

74	[69–	84] Exclusion:	ICH	and	GCS	score	≤7	or	ACS	or	CVA	in	
the past 30 d

Bleed	in	a	critical	location,	a	life-	threatening	
bleed	that	requires	surgery	or	an	invasive	
procedure,	or	a	bleed	that	requires	a	
blood transfusion

Until	discharge

Sheikh-	Taha	
(aPCC)31

PCC 25	−50	U/kg Retrospective,	
observational,	
single-	center

35 51.4: ICH
28.6:	GIH
20.0: other

42.9:	rivaroxaban
57.1:	apixaban

75.9	(14) NA ISTH Until	discharge

Brown32 Andexanet PP Retrospective,	
observational,	
multicenter

13 for safety 
analysis∆

11 for effectiveness 
analysis

100.0: ICH Safety	analysis:
23.1:	rivaroxaban
76.9:	apixaban

Safety	analysis:
75.2	(13.5)

NA ISTH 30 d

Reynolds 33 PCC 25	–		50	U/kg Retrospective,	
observational,	
single-	center

31 for safety analysis
28 for effectiveness 

analysis

100.0: ICH Safety-	analysis:
54.8:	rivaroxaban
45.2:	apixaban

Safety	analysis:
77	[68–	84]

NA ISTH 7 d

Panos 34 PCC 25	–		50	U/kg Retrospective,	
observational,	
multicenter

663	for	safety	analysis
433 for effectiveness 

analysis

100.0: ICH Safety	analysis:
44.8:	rivaroxaban
55.2:	apixaban
Efficacy analysis:
46.0:	rivaroxaban
54.0:	apixaban

Safety	analysis:	>65:	
14.6%

65–	75:	26.4%
>75: 59.0%
Efficacy analysis:
>65:	12.5%
65–	75:	24.5%
>75:	63.0%

Inclusion: only patients with an ICH
Exclusion:	pregnant	or	lactating	patients,	withdrawal	

of	care	within	24	h	of	admission.	Exclusion	from	
effectiveness	analysis	when	a	follow-	up	image	
was not present within the first 24 h of PCC 
administration

Additional exclusion criteria for the efficacy analysis: 
patients	without	a	follow-	up	image	of	the	brain	
within 24 h of PCC administration

ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Barra 35 PCC 25	–		50	U/kg Retrospective,	
observational,	two-	
arm,	single-	center

11 PCC 100.0: ICH 72.7:	rivaroxaban
27.3:	apixaban

71.0	[68.7–	73.2] Inclusion: only patients with an ICH ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Andexanet PP 18	andexanet 16.7:	rivaroxaban
83.3:	apixaban

83.4 [70.3– 88.8]

Bavalia 36 PCC 50	U/kg Prospective,	observational,	
multicenter

51 59.2: ICH
36.8:	GIH
13.2: other

71.0:	rivaroxaban
21.1:	apixaban
7.9:	edoxaban

75	(11) NA ISTH 30 d

Korobey37 PCC 50	U/kg Retrospective,	
observational,	
single-	center

59 100.0: ICH 32.2:	rivaroxaban
67.8:	apixaban

78.5	(10.9) Inclusion: only patients with an ICH
Exclusion:	neuro	intervention	prior	to	repeat	imaging,	

died or had care withdrawn prior to repeat 
imaging

ISTH Mortality:	until	
discharge

TE: 30 d or until 
discharge

Castillo38 PCC 25	–		50	U/kg Retrospective,	
observational,	
multicenter

67 100.0: ICH 56.7:	rivaroxaban
43.3:	apixaban

77.6	(13) Inclusion: only patients with an ICH
Exclusion:	(acute	on)	chronic	ICH,	neurosurgical	

intervention	between	baseline	and	12-	h	
follow-	up	scan,	or	an	ICH	volume	≥60	mL

ISTH Until	discharge

Note: ISTH,	MBE	in	nonsurgical	patients	is	defined	as	having	a	symptomatic	presentation	and:	fatal	bleeding;	and/or	bleeding	in	a	critical	area	or	
organ,	such	as	intracranial,	intraspinal,	intraocular,	retroperitoneal,	intra-	articular,	pericardial,	or	intramuscular	with	compartment	syndrome;	and/or	
bleeding	giving	a	hemoglobin	drop	of	2	g/dL	(1.24	mmol/L)	or	more,	or	resulting	in	transfusion	of	two	of	more	units	of	whole	blood	or	red	cells.14	∆	
Only patients with ICH are shown; 3 surgical patients and 9 patients of which the severity of the bleed is not described are not shown.
Abbreviations:	ACS,	acute	coronary	syndrome;	aPCC,	activated	prothrombin	complex	concentrate;	CVA,	cerebrovascular	accident;	GCS,	Glascow	
Coma	Scale;	GIH,	gastrointestinal	hemorrhage;	Hb,	hemoglobin;	ICH,	intracranial	hemorrhage;	ISTH,	International	Society	on	Thrombosis	and	
Haemostasis,	IQR,	interquartile	range;	MBE,	major	bleeding	event	(uncontrolled	or	life-	threatening	bleeding);	NA,	not	applicable;	NR,	not	reported;	
PCC,	prothrombin	complex	concentrate;	PP,	per	protocol	(low-	dose	400	mg	in	30	min,	followed	by	480	mg	in	2	h,	high-	dose	800	mg	in	30	min,	
followed	by	960	mg	in	2	h);	SD,	standard	deviation;	TE,	thromboembolic	event.
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total,	hemostatic	effectiveness	was	assessed	in	1195	PCC-	treated	
patients.	 The	 hemostatic	 effectiveness	 ranged	 from	 60.0%	 to	
92.9%. The pooled proportion of patients with good hemostatic 
effectiveness	was	0.77	(95%	CI,	0.72-	0.82;	I2=64.8%),	demonstrat-
ing substantial heterogeneity hampering pooled analysis.

Subgroup	 analysis	 for	 hemostatic	 effectiveness	 based	 on	 the	
assessment	criteria	used	demonstrated	a	pooled	proportion	of	0.69	
(95%	CI,	0.64-	0.75;	I2	=	0.0%)	in	the	three	high-	quality	PCC	studies	
that	assessed	hemostatic	effectiveness	by	ISTH	criteria,	0.85	(95%	
CI,	 0.80-	0.90;	 I2	 =	 41.5%)	 in	 the	 three	 PCC	 studies	 that	 assessed	
hemostatic	 effectiveness	 by	 Annexa-	4	 criteria	 and	 0.75	 (95%	 CI,	
0.68-	0.83;	I2	=	60.8%)	in	the	nine	PCC	studies	that	used	self-	defined	
criteria for hemostatic effectiveness. There was no heterogeneity 
between	the	PCC	studies	that	used	ISTH	criteria	for	the	definition	
of	 hemostatic	 effectiveness.	Moderate	heterogeneity	was	demon-
strated	 between	 the	PCC	 studies	 that	 used	Annexa-	4	 criteria	 and	
a	substantial	heterogeneity	between	studies	that	used	self-	defined	
criteria.

Safety	 outcome	measures	were	 analyzed	 in	 1428	PCC-	treated	
patients. Incidence of thromboembolic events ranged from 0.0% 
to	 12.9%,	 demonstrating	 a	 pooled	 proportion	 of	 0.03	 (95%	 CI,	

0.02-	0.04;	 I2	 =	 18.7%).	 The	 mortality	 rate	 ranged	 from	 13.6%	 to	
63.6%.	The	pooled	analysis	on	mortality	demonstrated	substantial	
heterogeneity	and	was	therefore	not	further	analyzed.

3.4.2  |  Andexanet	studies

One	hundred	of	396	andexanet-	treated	patients	from	safety	analy-
ses	were	excluded	from	hemostatic	effectiveness	analyses.	In	total,	
hemostatic	 effectiveness	 was	 assessed	 in	 296	 andexanet-	treated	
patients. The hemostatic effectiveness ranged from 77.0% to 90.9%. 
The pooled proportion of patients with good hemostatic effective-
ness	was	0.83	(95%	CI,	0.79-	0.87;	I2	=	0.0%),	demonstrating	no	het-
erogeneity.	 Subgroup	 analysis	 in	 the	 andexanet	 studies	 that	 used	
Annexa-	4	criteria	demonstrated	a	hemostatic	effectiveness	of	0.82	
(95%	CI,	0.78-	0.87;	I2	=	0.0%).	No	heterogeneity	was	observed	in	the	
andexanet	studies	that	used	Annexa-	4	criteria.

Thromboembolic	 events	 and	 mortality	 were	 assessed	 in	 396	
andexanet-	treated	 patients.	 Incidence	 of	 thromboembolic	 events	
ranged	 from	 0.0%	 to	 30.8%	 in	 andexanet	 studies,	 demonstrating	
a	 pooled	 proportion	 of	 0.11	 (95%	 CI,	 0.04-	0.17;	 I2	 =	 35.7%).	 The	

TA B L E  2 The	quality	of	the	included	studies	according	to	the	MINORS	and	RoBANS	methods

Reference

MINORS RoBANS

MINORS 
score Selection Confounding Intervention

Blinding 
assessor

Incomplete 
outcome data

Selective 
reporting

Risk of bias
(mean RoBANS 
score)

Prothrombin	complex	concentrate	studies

Grandhi19 10/16 Medium Medium Low Medium Medium Low Medium

Majeed20 13/16 Medium Medium Low Low Low Low Low

Gerner21 12/16 Medium Medium Medium Low Low High Medium

Schulman22 13/16 Medium Low Low Low Low Low Low

Harrison23 6/16 Medium High Low High High High High

Testa24 12/16 Low Medium High Low Low High Medium

Allison25 7/16 Medium Medium Low High Medium High Medium

Sheikh-	Taha	(PCC)26 7/16 Medium Medium Medium Medium Medium Low Medium

Arachchillage27 10/16 High Medium Low High Low Low Medium

Dybdahl29 11/16 Medium Low Medium Medium Low Low Low-	Medium

Smith30 11/16 Medium High Low High Medium Low Medium

Sheikh-	Taha	(aPCC)31 8/16 Medium Medium Medium Medium Medium Low Medium

Reynolds33 9/16 Medium Low Low High High High High

Panos34 11/16 Medium Low Low Medium High High Medium

Bavalia36 15/16 Low Low Low Low Medium High Low

Korobey37 12/16 Medium Low Low Medium Medium High Medium

Castillo38 8/16 Medium Low Low Medium High High Medium

Andexanet	Studies

Stevens28 11/16 Medium Medium Low Medium Low Low Low-	Medium

Connolly12 9/16 High High Medium High High Medium High

Brown32 8/16 High High Low High Medium High High

PCC	and	andexanet	studies

Barra35 10/16 High High Low Medium Medium Low Medium
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mortality	rate	ranged	from	13.9%	to	24.0%,	demonstrating	a	pooled	
proportion	of	0.15	(95%	CI,	0.11-	0.18;	I2	=	0.0%).

4  |  DISCUSSION

In	 this	 meta-	analysis,	 similar	 hemostatic	 effectiveness	 for	 PCC	 and	
andexanet	was	observed	with	pooled	proportions	of	0.77	and	0.83	 in	

PCC	and	andexanet	studies,	respectively.	This	was	also	demonstrated	in	
subgroup	analysis	in	studies	that	used	Annexa-	4	criteria	for	hemostatic	
effectiveness; a similar hemostatic effectiveness of 0.85 in PCC studies 
and	0.82	in	andexanet	studies	was	demonstrated.	The	pooled	proportion	
of	patients	with	thromboembolic	events	was	0.03	 (95%	CI,	0.02-	0.04)	
in	PCC	studies	and	0.11	(95%	CI,	0.04-	0.18)	in	andexanet	studies.	The	
mortality	rate	in	PCC	studies	ranged	from	13.6%	to	63.6%.	The	mortal-
ity	pooled	proportion	in	andexanet	studies	was	0.15	(95%	CI,	0.11-	0.18).

F I G U R E  2 Forest	plots	of	the	pooled	outcome	proportions.	aPCC,	activated	prothrombin	complex	concentrate;	PCC,	prothrombin	
complex	concentrate
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TA B L E  3 Outcome	measures	of	the	included	studies

Ref.

Hemostatic 
effectiveness, 
n (%)

Criteria for hemostatic 
effectiveness

Mortality, 
n (%)

Cause of death and 
time of onset

Thromboembolic 
events, n (%)

Definition 
thromboembolic 
event and time 
of onset

PCC studies

Grandhi19 11	(61.1) No	bleeding	progression	
on CT scan

6	(33.3) 4	MBE,	2	pneumonia 1	(5.6) 1 VTE within 
24 h

Majeed20 58	(69.1) ISTH 27	(32.1) 18	MBE,	7	multiorgan	
failure,	1	cardiac	
arrest,	1	PE.	56%	
0–	7	d,	41%	7–	30	d,	
3% >30 d

3	(3.6) 2	iCVAs	after	5	
and 10 d; 1 
PE after 15 d

Gerner21 61	(64.9) No	hemorrhagic	
expansion

NR NR NR NR

Schulman22 56	(85.0)
45	(68.0)

Sarodea 
ISTH

9	(13.6) 8	MBE,	1	stab	wound.	
Within 30 d

4	(6.1) 3	iCVAs,	1	DVT,	
on	days	1,	2,	
9,	12

Harrison23 13	(92.9) No	hemorrhagic	
expansion

2	(14.3) NR 0	(0.0) NA

Testa24 NR NR 4	(14.8)d  100% within 3 d NR NR

Allison25 26	(83.8) No	bleeding	progression	
on CT scan

5	(15.2) NR 0	(0.0) NA

Sheikh-	Taha	
(PCC)26

21	(72.4) ISTH 6	(20.7) 6	MBE.	5	within	6	d,	1	
on day 14

1	(3.4) 1	iCVA	on	day	6

Arachchillage27 59	(73.4) No	recurrent	bleeding	
after 48 h and a 
patient surviving the 
MBE

26	(33.0) NR 3	(3.8) 3	iCVAs	within	
30 d

Dybdahl29 NA NA 8	(22.9) NR 1	(2.9) 1 VTE

Smith30 25	(80.6) Sarodea  5	(16.1) 5	MBE 0	(0.0) NA

Sheikh-	Taha	
(aPCC)31

24	(68.6) ISTH 7	(20.0) 6	MBE,	1	septic	shock,	
within 9 d

3	(8.6) 2 DVTs on days 
2	and	4,	1	MI	
on day 2

Reynolds33 19	(67.9) Decreased/stable 
hemorrhage on CT 
for patients with 
ICH	and	≤20%	
decrease in Hb 12 h 
after PCC and no 
additional blood 
or factor products 
within 24 h after 
PCC for patients 
without ICH

5	(16.1) NR 4	(12.9) 3	iCVA,	1	DVT	
within 7 d

Panos34 354	(81.8) Annexa-	4b  126	(19.0) Unknown	cause.	48%	
0-	5	d,	39%	6-	14	d,	
10%	15-	30	d

25	(3.8) 15	DVT,	1	PE,	8	
iCVAs,	2	MIs;	
50%	0-	5	d,	
35%	6-	14	d,	
and 15% 
15-	30	d

Barra35 6	(60.0) <35%	increase	in	
hematoma	volume,	
SAH	thickness,	or	
SDH	thickness	at	
24 h

7	(63.6) NR 0	(0.0) NA

Bavalia36 35	(69.6) ISTH 9	(17.6) NR 1	(2.0) 1 PE after 10 d

(Continues)
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All	of	the	included	studies	lacked	a	control	group,	making	it	dif-
ficult	 to	 isolate	 the	 effect	 of	 the	 reversal	 agents.	 A	meta-	analysis	
of the registry studies of the direct oral anticoagulants described a 
case-	fatality	rate	of	major	bleeding	of	7.57%	(95%	CI,	6.53-	8.68).39 
This	may	be	underestimated,	 because	patients	with	 comorbidities	
and	concomitant	use	of	antiplatelet	agents	were	excluded	in	the	reg-
istration studies. In a prospective study of 732 patients with major 
bleeding	 treated	 with	 direct	 oral	 anticoagulants,	 the	 case-	fatality	
rate was 14%.40	However,	this	study	does	not	purely	reflect	the	case-	
fatality	rate	without	a	reversal	agent,	because	38.4%	were	treated	
with PCC.40	Nevertheless,	the	case-	fatality	rate	of	14%	was	similar	
to	the	mortality	rates	of	PCC	and	andexanet	 in	this	meta-	analysis.	
Therefore,	it	remains	uncertain	whether	PCC	and	andexanet	are	of	
added value in addition to supportive care.

While	no	difference	in	hemostatic	effectiveness	was	observed,	
the	incidence	of	thromboembolic	events	was	higher	in	the	andexanet	
studies than PCC studies. The pooled proportion of thromboembolic 
events	in	PCC-	treated	patients	in	this	study	are	consistent	with	pre-
vious studies. Dentali et al9 described a thromboembolic event rate 
of	1.9%	in	631	patients	who	were	treated	with	PCC	in	VKA-	related	
major bleeding. Piran et al10 described a 3.0% thromboembolic 

event	 rate	 in	 216	 patients	 who	 were	 treated	 with	 PCC	 in	 FXaI-	
related major bleeding. Connolly et al12 stated that the majority of 
thromboembolic	events	in	Annexa-	4	occurred	in	patients	in	whom	
resumption of oral anticoagulation was delayed or in patients who 
did	not	 restart	anticoagulation.	However,	32%	of	 the	 thromboem-
bolic	 events	occurred	0	 to	5	days	 after	 andexanet	 administration,	
and	23.5%	occurred	after	 restarting	anticoagulation.	Furthermore,	
some	hypothesize	that	andexanet	may	block	tissue	factor	pathway	
inhibitor,	an	endogenous	 inhibitor	of	 factor	Xa,	which	may	 lead	 to	
thrombosis.41	A	difference	in	mortality	may	result	in	a	different	as-
certained thromboembolic event rate; the thromboembolic event 
rate	 is	 lower	 in	 studies	with	higher	mortality,	probably	due	 to	 the	
competing	 risk.	We	 conclude	 that,	 due	 to	 the	 lack	 of	 direct	 com-
parative	 studies,	 a	 heterogeneous	 patient	 inclusion,	 and	 different	
follow-	up	periods	in	included	studies,	no	strong	statements	can	be	
made about a difference in thromboembolic events between PCC 
and	andexanet	treatment.

Our review demonstrates the methodological limitations of the 
available	evidence	for	effectiveness	and	safety	of	PCC	and	andex-
anet	in	FXaI-	related	major	bleeding.	All	studies	were	observational	
without	a	comparator	group,	leading	to	a	high	risk	of	selection	bias.	

Ref.

Hemostatic 
effectiveness, 
n (%)

Criteria for hemostatic 
effectiveness

Mortality, 
n (%)

Cause of death and 
time of onset

Thromboembolic 
events, n (%)

Definition 
thromboembolic 
event and time 
of onset

Korobey37 52	(88.1) Annexa-	4	b  6	(10.2) NR 7	(11.9) 4	DVTs,	1	PE,	2	
iCVAs

Castillo38 59	(88.1) Annexa-	4	b  5	(7.5) NR 0	(0.0) NA

Andexanet	studies

Stevens28 10	(77.0) Annexa-	4	b  2	(15.4) 2	MBEs	within	3	d 4	(30.8) 1	MI,	1	iCVA,	1	
DVT,	1	PE,	
within 30 d

Connolly12 208	(81.9) Annexa-	4	b  49	(13.9) 35	CV	cause,	12	
non-	CV	cause,	2	
unknown	cause.

40	(11.4)e  7	MIs,	15	iCVAs,	
13	DVTs,	5	
PEs; 32% 
0-	5	d,	32%	
6-	14	d,	35%	
15-	30	d

Brown 32 10	(90.9)c  Annexa-	4	b  4	(30.8)f  50%	0-	7	d,	50%	7-	30	d 0	(0.0)f  NA

Barra35 16	(88.9) <35%	increase	in	
hematoma	volume,	
SAH	thickness,	or	
SDH	thickness	at	
24 h

4	(22.2) NR 3	(16.7) 3	DVTs	after	1,	6	
and 14 d

Abbreviations:	CT,	computed	tomography;	CV,	cardiovascular;	DVT,	deep	vein	thrombosis;	Hb,	hemoglobin;	Ht,	hematocrit;	iCVA,	ischemic	
cerebrovascular	accident;	MI,	myocardial	infarction;	NA,	not	applicable;	NR,	not	reported;	PCC,	prothrombin	complex	concentrate;	PE,	pulmonary	
embolism;	VTE,	venous	thromboembolism.
aThe	criteria	by	Sarode	et	al	were	compiled	in	2013	with	US	Food	and	Drug	Administration	approval,	as	there	was	no	standardized	method	to	assess	
hemostatic effectiveness.37	Its	definition	is	included	in	Appendix	S2
bThe	criteria	for	effective	hemostasis	used	in	Annexa-	4	are	adjusted	Sarode	criteria	and	included	in	Appendix	S2.38

cPatients	who	died	were	excluded	from	the	effectiveness	analysis.
dMortality	rate	was	the	same	at	discharge	and	at	6	months.
eForty thromboembolic events occurred in 34 patients.
fOnly patients with ICH are shown. Three surgical patients and nine patients for which the severity of the bleed is not described are not shown.

TA B L E  3 (Continued)
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Furthermore,	the	majority	of	the	included	studies	had	retrospective	
data	collection,	leading	to	an	even	higher	risk	of	bias.	Only	four	PCC	
studies20,22,24,36	minimized	the	risk	of	bias	through	prospective,	con-
secutive	 patient	 enrollment,	while	 the	 only	 andexanet	 study	with	
prospective patient enrollment12	 likely	 suffered	a	high	 risk	of	bias	
due	to	strict	inclusion	criteria,	excluding	patients	with	more	critical	
bleeding	 (eg,	patients	with	a	planned	 intervention	within	12	hours	
after	andexanet	or	an	ICH	with	score	<7	on	the	Glasgow	Coma	Scale	
or	 a	 hematoma	 volume	 >60	mL).	 Regarding	 these	methodological	
challenges,	we	applied	two	scoring	systems	to	obtain	the	most	ob-
jective	assessment	of	 the	 study	quality	and	 risk	of	bias.	However,	
due	to	the	few	andexanet	studies	included,	there	were	insufficient	
data	 for	 a	 subgroup	 analysis	 on	 moderate/high-	quality	 studies.	
Eliminating	low-	quality	studies	with	a	high	risk	of	bias	would	elimi-
nate the studies of Connolly et al12	and	Brown	et	al,32 eliminating the 
vast	majority	of	andexanet-	treated	patients.12,32

We applied several measures to enhance interpretation of the 
data	on	hemostatic	effectiveness	of	PCC	or	andexanet	in	manage-
ment	of	anticoagulation-	related	major	bleeding,	such	as	uniformity	
in	 study	 design	 characteristics	 (ISTH	 criteria	 for	 major	 bleeding)	
and	 standardized	 definitions	 for	 hemostatic	 effectiveness.11,14,15 
Despite	 this,	 heterogeneity	 among	 studies	 was	 large,	 hampering	
pooled analyses.

In	the	Annexa-	4	study,	self-	defined	criteria	to	assess	hemostatic	
effectiveness	were	used	(included	in	Appendix	S2).	The	main	differ-
ence	with	 the	 ISTH	major	 bleeding	 criteria	 is	 that	 the	 assessment	
time was changed to 12 hours instead of 24 hours after infusion. 
In	addition,	no	restrictions	were	made	on	the	administration	of	he-
mostatic	agents,	coagulation	factors,	or	blood	products.	Moreover,	
pericardial and intraspinal hemorrhages have their own criteria for 
effective	hemostasis	in	the	Annexa-	4	scoring	system.	These	changes	
may lead to a more favorable outcome of hemostatic effectiveness 
using	the	Annexa-	4	criteria	in	comparison	to	the	ISTH	criteria.

Annexa-	4	is	the	only	study	that	included	anti–	factor	Xa	<75	ng/mL	
as	 an	 exclusion	 criterion	 for	 assessing	 hemostatic	 effectiveness.	
However,	FXaIs	have	short	half-	lives	and	may	no	longer	be	present	in	
patients	with	major	bleeding,	obviating	the	need	for	treatment	with	a	
reversal	agent.	Because	of	this	bias,	most	studies	may	have	overrated	
the	therapy	as	being	effective	since	anti–	factor	Xa	levels	are	not	usu-
ally measured before treatment.

In	 conclusion,	 the	 available	 evidence	 makes	 it	 challenging	 to	
choose	a	preferred	FXaI	 reversal	agent.	All	 studies	 lacked	control	
groups,	and	the	majority	were	retrospectively	conducted	with	strict	
selection	criteria,	without	use	of	standardized	definitions	for	major	
bleeding,	and	without	standardized	scoring	methods	to	define	he-
mostatic	effectiveness.	Randomized	controlled	trials	with	less	strin-
gent	 inclusion	criteria	and	usage	of	 standardized	scoring	methods	
are	 therefore	 urgently	 needed.	 For	 andexanet,	 a	 conditional	mar-
keting	authorization	was	given	by	the	EMA	and	FDA	with	the	condi-
tion that a direct comparative study would be conducted to assess 
the	effectiveness	and	safety	of	andexanet	versus	“usual	care.”	This	
study,	ANNEXA-	I,	 is	 currently	 recruiting	 patients	with	 ICH	and	 is	
expected	to	be	completed	in	2023.42

5  |  CONCLUSION

Our	 systematic	 review	 and	 meta-	analysis	 is	 the	 first	 that	 we	 are	
aware of to evaluate the current evidence for the effectiveness 
and	safety	of	andexanet	and	PCC	 in	patients	with	major	bleeding.	
Separately	 performed	 analyses	 for	 both	 reversal	 agents	 demon-
strated	 them	 to	 be	 similar	 in	 hemostatic	 effectiveness,	 while	 the	
thromboembolic	event	rate	appeared	higher	in	andexanet.	None	of	
the	included	studies	had	control	groups,	hampering	a	pooled	meta-	
analysis to compare the two reversal agents. There is an urgent need 
for	a	randomized	clinical	trial	comparing	both	reversal	agents.
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