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Abstract 

Background  There is currently a lack of evidence for the comparative effectiveness of Andexanet alpha and four-
factor prothrombin complex concentrate (4F-PCC) in anticoagulation reversal of direct oral anticoagulants (DOACs). 
The primary aim of our systematic review was to verify which drug is more effective in reducing short-term all-cause 
mortality. The secondary aim was to determine which of the two reverting strategies is less affected by thromboem-
bolic events.

Methods  A systematic review and meta-analysis was performed.

Results  Twenty-two studies were analysed in the systematic review and quantitative synthesis. In all-cause short-
term mortality, Andexanet alpha showed a risk ratio (RR) of 0.71(95% CI 0.37–1.34) in RCTs and PSMs, compared 
to 4F-PCC (I2 = 81%). Considering the retrospective studies, the pooled RR resulted in 0.84 (95% CI 0.69–1.01) 
for the common effects model and 0.82 (95% CI 0.63–1.07) for the random effects model (I2 = 34.2%). Regarding 
the incidence of thromboembolic events, for RCTs and PSMs, the common and the random effects model exhibited 
a RR of 1.74 (95% CI 1.09–2.77), and 1.71 (95% CI 1.01–2.89), respectively, for Andexanet alpha compared to 4F-PCC 
(I2 = 0%). Considering the retrospective studies, the pooled RR resulted in 1.21 (95% CI 0.87–1.69) for the common 
effects model and 1.18 (95% CI 0.86–1.62) for the random effects model (I2 = 0%).

Conclusion  Considering a large group of both retrospective and controlled studies, Andexanet alpha did not show 
a statistically significant advantage over 4F-PCC in terms of mortality. In the analysis of the controlled studies alone, 
Andexanet alpha is associated with an increased risk of thromboembolic events.

Clinical trial registration  PROSPERO: International prospective register of systematic reviews, 2024, 
CRD42024548768.
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Background
Direct oral anticoagulants (DOACs) are a class of drugs 
that act directly by inhibiting thrombin action or fac-
tor Xa, inhibiting both the intrinsic and the extrin-
sic pathways of the coagulation cascade. They possess 
advantages over the older vitamin K antagonists. In fact, 
their effects are more predictable than the latter and no 
laboratory monitoring is required. DOACs have been 
proven effective in treating thrombosis, such as deep 
venous thrombosis or pulmonary thromboembolism, as 
well as in preventing thromboembolic events in some 
pro-thrombotic conditions, such as atrial fibrillation [1, 
2]. In case of haemorrhagic events, however, it becomes 
essential to counteract their anticoagulant effect effec-
tively and quickly, without causing an increase in throm-
boembolic events. While the administration of vitamin 
K can reverse the effects of older vitamin K antagonists, 
there are several strategies to reverse the anticoagu-
lant effect of DOACs.  A monoclonal antibody (idaru-
cizumab) has been developed to directly counteract the 
anticoagulant effects of dabigatran, which is a direct 
thrombin inhibitor [3]. For factor X inhibitors (such as 
rivaroxaban, apixaban, and edoxaban), the main rever-
sal drug is the prothrombin complex (currently Four-
factor prothrombin complex concentrate, i.e., 4F-PCC), 
which restores the level of molecules involved in the 
coagulation cascade [4]. Andexanet alpha is a modified 
recombinant inactive form of factor Xa that has been 
developed in recent years [5]. By binding and sequester-
ing the molecules of the factor Xa inhibitor, it restores 
the thrombin generation mechanism. There is currently 
a lack of evidence for the comparative effectiveness of 
Andexanet alpha and 4F-PCC. A recently released ran-
domized controlled trial, the ANNEXA-I trial raised 
further attention to the evidence gap, since results had 
shown that Andexanet alpha is more effective in limit-
ing the expansion of hematoma in cases of intracerebral 
haemorrhage, but its use is associated with a greater 
incidence of thromboembolic events [6]. The scientific 
discussion on the topic was also fostered due to some 
intrinsic limitations of the study. In fact, it has been 
argued the outcome chosen as a measure of the effec-
tiveness of the intervention is not patient-centred and 
therefore may be considered only indirectly relevant 
from the clinical point of view.

To fill the gap in the field with updated evidence, the 
primary aim of our systematic review was to verify which 
drug (Andexanet alpha or 4F-PCC) is more effective in 
reducing short-term all-cause mortality in anticoagula-
tion reversal. We would verify this outcome both in cases 
of intracerebral haemorrhage (ICH) and non-intracere-
bral haemorrhage (such as gastrointestinal haemorrhage, 
traumatic haemorrhage, etc.). The secondary aim was to 

determine which of the two reverting strategies is less 
affected by thromboembolic events.

Methods
A systematic review and meta-analysis of the literature 
was performed. The protocol of this review was prospec-
tively registered in the International Prospective Register 
of Systematic Reviews (PROSPERO, CRD42024548768), 
and we reported this systematic review in accord-
ance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) Statement 
reporting guidelines [7].

Eligibility criteria, search strategy and data collection
We considered any study that investigated the admin-
istration of Andexanet alpha or 4F-PCC to reverse an 
anticoagulation effect caused by a DOAC in cases of 
haemorrhage. Our search included randomized con-
trolled trials (RCTs), observational prospective/retro-
spective studies, retrospective studies with propensity 
score matching and interventional studies. Qualitative 
studies, editorials, comments, letters to the editor, confer-
ence papers, case reports, clinical guidelines, or literature 
reviews with or without meta-analysis were excluded. 
Studies involving non-adult participants (i.e., < 18  years 
old), pregnant patients, animal subjects, and those that 
did not report outcome data were also excluded.

Searches were conducted using the electronic biomedi-
cal databases PubMed, Scopus, and Cumulative Index 
to Nursing and Allied Health Literature (CINHAL). To 
ensure a comprehensive synthesis of the available litera-
ture, existing meta-analyses on the same topic retrieved 
during the screening phase were retrieved and analysed 
to select relevant studies for inclusion. Search strings for 
each database were developed by one researcher (DO). 
Search strings were peer-reviewed prior to the execution 
[8] by an experienced researcher (FF) following the Peer 
Review of Electronic Search Strategies (PRESS) guide-
lines checklist [9]. Search results were imported into 
the Covidence platform by Veritas Health Innovation 
Ltd. The selection process consisted of two phases: title/
abstract screening and full-text screening. After dupli-
cate results were removed, the screening was performed 
independently and blindly by two researchers (TB and 
DO). When there were disagreements regarding article 
eligibility, a consensus was reached by rediscussing con-
flicting cases, and the final decision was made after dis-
cussion until a consensus was reached involving a third 
researcher (AB). The following data were extracted: 
name of the author(s), year, study design, sample size(s), 
the indication of reversal of anticoagulation (i.e., ICH or 
non-ICH), number of deaths in the intervention group 
and in the control group, thromboembolic events in the 
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intervention group and in the control group. If avail-
able, the number of patients with a Rankin score > 3 in 
the intervention and control groups was reported. Any 
other variables reported in the studies were analysed 
and included when relevant to the systematic review’s 
question. An electronic data extraction form was imple-
mented using the Covidence platform and piloted with 
at least three of the articles selected to ensure its useful-
ness, appropriateness, and feasibility [8, 10]. The data was 
extracted cooperatively by two data extractors (DO and 
TB) who were previously trained and had the appropriate 
topic knowledge. Rediscussing conflicting cases led to a 
consensus for data extraction, and the final decision was 
made after the consensus was reached.

Risk of bias assessment
The risk of bias (RoB) was assessed independently by 
two authors (DO and FF). For the controlled trials, the 
Revised Cochrane Risk-of-Bias Tool for Randomized 
Trials (RoB2) was used to assess the risk of bias [11]. In 
all remaining included studies, Robins-I (Risk Of Bias 
In Non-randomized Studies—of Interventions) was uti-
lized [12]. In case of conflicting judgments, the authors 
discussed until they reached a consensus to resolve any 
disagreements.

Statistical analysis
In the execution of the meta-analysis, a binary outcome 
(number of events for each of the two groups) was iden-
tified. Fixed-effect and random-effect analyses were 
conducted. The risk ratio was calculated using the Man-
tel–Haenszel method in the initial case. In the second 
case, the inverse-variance method was used. The I2 statis-
tic was used to assess between-study inconsistency. The 
meta-analysis findings were presented using forest plots.

Our research focused on the ’outliers’ to identify the 
potential causes of heterogeneity in studies. We con-
ducted an Influence Analysis to determine the most influ-
ential cases that determine the heterogeneity between 
studies. The indication for anticoagulation reversal (ICH 
or non-ICH) was used to plan an analysis of the sam-
ple subgroups. The main features of the included stud-
ies were used to conduct a meta-regression to identify 
the possible causes of heterogeneity between studies. To 
evaluate publication bias, a Funnel Plot was utilized.

Analyses were performed using R version 4.3.2, using 
the packages meta, dmetar, tidyverse, metafor, ggplot2, 
gridExtra, and robvis.

Results
Study selection and characteristics
Six hundred twenty-three records were found during the 
initial identification process. We analysed 112 studies 

through full text after weeding out non-relevant and 
duplicate records (Fig. 1). Twenty-two studies were ana-
lysed in the systematic review and quantitative synthesis 
(Table 1).

Six studies were RCTs or retrospective studies in 
which the authors prepared some form of attenuation 
of the imbalance between the characteristics of the two 
groups (i.e., Propensity Score Matching, PSMs) [6, 13–
17]. Three of these studies included patients with ICH 
[6, 13, 14]. Two studies considered patients with haem-
orrhages other than ICH [15, 16] and one considered 
both types of haemorrhagic events [17]. Only 4 studies 
reported the incidence of thrombotic events in the two 
groups of patients [6, 13–15]. The rate of patients with 
Rankin score was not reported in any of these studies [6, 
13–17].

Sixteen studies were retrospective [18–33]. Eleven 
studies included patients with ICH [18–20, 22–24, 27, 
28, 30–32], while four studies included patients with 
non-ICH [21, 25, 26, 33], and one study included a mixed 
population [29]. Twelve studies reported the thrombotic 
events rate alongside the mortality rate. Only three stud-
ies reported the rate of patients with Rankin scores [18, 
19, 30].

Risk of bias
Patient selection was the primary cause of bias in the 
studies that were included (Fig.  2). Retrospective stud-
ies were more susceptible to bias. Several studies have 
grouped and compared two distinct populations [20, 25, 
29, 30]. The populations do not appear to be fully com-
parable, either because they were from different and 
independent previous trials or because the two groups 
in the study were enrolled at different times. The use of 
this methodological selection exposes these studies to a 
critical risk of bias. The inclusion of two study groups in 
a non-consecutive or sequential manner made the impli-
cated studies more likely to influence researchers’ aware-
ness of the outcome for one of the two drugs studied. The 
controlled studies also raised concerns about the actual 
balance of the two study groups.

Quantitative synthesis for all‑cause short‑term mortality
The random effects model showed a risk ratio (RR) of 
0.71 (95% CI 0.37–1.34) for Andexanet alpha group com-
pared to 4F-PCC (as reference) in RCTs and PSMSs, as 
shown in Fig. 3. Since the confidence interval crosses the 
unit, the difference was not statistically significant. By 
subdividing the population based on the indication to 
anticoagulation reversal, the studies about ICH showed 
a RR of 0.94 (95% CI 0.04–20.40; I2 = 41.2%), the non-
ICH studies showed a RR of 0.73 (95% CI 0.00–640.25; 
I2 = 83.8%), and the mixed population study showed a 
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RR of 0.43 (95% CI 0.29–0.63) (Fig. 3S in Supplemental 
Material).

In the pooled model, the I2 was 81%. The study by 
Cohen et  al. appeared to be particularly distant from 
the results of the other studies. When this study was 
removed,  the model showed that the Andexanet alpha 
group had an RR of 0.82 (95% CI 0.38–1.79; I2 = 65.3%). 
According to meta-regression analysis, the study design 
type led to around 8% of heterogeneity (R2 = 7.83%). The 

funnel plot did not show a significant publication bias 
(Egger’s test p = 0.47) (Fig. 4).

Considering the retrospective studies analysing Andex-
anet alpha versus 4F-PCC groups, the pooled RR resulted 
in 0.84 (95% CI 0.69–1.01) for the common effects model 
and 0.82 (95% CI 0.63–1.07) for the random effects model 
(Fig.  3). The pooled I2 was 34.2%. By subdividing the 
population based on the indication for anticoagulation 
reversal, the studies on Andexanet alpha versus 4F-PCC 

Fig. 1  PRISMA flowchart
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in ICH patients showed a RR of 0.79 (95% CI 0.63–1.00, 
I2 = 41.0%) (Fig. 4S in Supplemental Material). The non-
ICH studies showed a RR of 0.93 (95% CI 0.65–1.32, 
I2 = 41.9%), and the mixed population study showed a RR 
of 0.89 (95% CI 0.37–2.12).

The study that differed most from the results of the 
other studies was that by Siepen et al. However, exclud-
ing it, the RR did not change substantially (RR 0.90; 95% 
CI 0.74–1.10 for the common effects model; RR 0.91; 95% 
CI 0.71–1.15 for the random effects model), although 
a reduction of the between-studies inconsistency was 
achieved (I2 = 12.4%). At meta-regression analysis, the 
different indications  for  anticoagulation reversal were   
not significantly responsible for a residual heterogeneity 
(R2 = 0%). The funnel plot showed a significant publica-
tion bias (Egger’s test p = 0.03) (Fig. 4).

Quantitative synthesis for the thromboembolic events
For RCTs and PSMSs, the common and random effects 
models respectively showed an RR of 1.74 (95% CI 1.09–
2.77) and 1.71 (95% CI 1.01–2.89) for Andexanet alpha 
compared to 4F-PCC (Fig. 5). The pooled I2 was 0.

By subdividing the population based on the indica-
tion for anticoagulation reversal, the studies on the ICH 

population showed a RR for Andexanet alpha of 2.02 (95% 
CI 1.17–3.47) for the common effects model and 1.97 
(95% CI 1.16–3.35); I2 = 41.2%) for the random effects 
model. In the non-ICH population studies, Andexanet 
alpha was found to have an RR of 1.13 (0.44–2.85) for 
the common effects model and 1.13 (0.44–2.85) for the 
random effects model compared to 4F-PCC (Fig.  7S in 
Supplemental Material). The funnel plot did not show a 
significant publication bias (Egger’s test p = 0.59) (Fig. 6).

Considering the retrospective studies, the pooled RR 
resulted in 1.21 (95% CI 0.87–1.69) for the common 
effects model and 1.18 (95% CI 0.86–1.62) for the ran-
dom effects model for Andexanet alpha group vs 4F-PCC 
group (Fig. 5). The pooled I2 was 0.

By subdividing the population based on the indica-
tion  for  anticoagulation reversal, the studies about the 
ICH population showed a RR of 1.16 (95% CI 0.76–1.77, 
I2 = 0%) for the common effects model and 1.14 (95% CI 
0.77–1.68) for Andexanet group (Fig.  8S in Supplemen-
tal Material). The non-ICH population studies showed a 
RR of 1.62 (95% CI 0.81- 3.25; I2 = 26%) for the common 
effects model, and 1.62 (95% CI 0.24–11.07) for the ran-
dom effects model; for the mixed population study the 
RR was 0.88 (95% CI 0.34–2.23) for both the models. The 

Fig. 2  Risk of bias of the included studies. For the controlled trials, the RoB2 was used to assess the risk of bias. In all remaining included studies, 
Robins-I was utilized. Patient selection was the primary cause of bias in the studies that were included. For further details see the main text
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funnel plot did not show a significant publication bias 
(Egger’s test p = 0.22) (Fig. 6).

Discussion
This review provides a summary of the evidence on the 
effectiveness of Andexanet alpha compared to 4F-PCC 
for short-term all-cause mortality. We found no statisti-
cally significant difference in the two comparison groups 
either in the controlled studies (RCTs and PSMs) or in 
the retrospective studies, either in the case of ICH or 
in the case of non-ICH. In this respect, while the high 
between-studies inconsistency makes the conclusions 
of the controlled studies less reliable, the low inconsist-
ency of the pooled retrospective studies supports this 

conclusion. Regarding the incidence of thromboem-
bolic events, the analysis of controlled studies shows an 
increase in relative risk in the Andexanet alpha group 
compared to the 4F-PCC group. This effect seems to be 
particularly significant for ICH-population studies. This 
conclusion is not confirmed by the analysis of retrospec-
tive studies, for which there is no different incidence of 
thromboembolic events between the two groups.

The rate of ICH due to factor Xa inhibitors is believed 
to be about one in 500–1000 per patient-year [34] and 
the rate of non-intracranial haemorrhages is near 19 
per 100 patient-year [35]. Although DOACs seem at 
least as safe as the old Vitamin K antagonists in terms of 
the incidence of ICH (7% vs 11%) [36], evidence for the 

Fig. 3  Forest plots for all-cause short-term mortality. A Forest plot for the controlled (RCT and PSM) studies. The random effects model exhibited 
a risk ratio (RR) of 0.71 (95% CI 0.37–1.34). Since the confidence interval crosses the unit, the difference was not statistically significant. B Forest 
plot for the retrospective studies. The pooled RR resulted in 0.84 (95% CI 0.69–1.01) for the common effects model and 0.82 (95% CI 0.63–1.07) 
for the random effects model
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best reversal strategy for the anticoagulant effect is still 
lacking. Recently, the first (and so far, unique) RCT that 
directly compares Andexanet alpha to the usual therapy 
(i.e., 4F-PCC) was published, called ANNEXA-I [6]. The 
expectation of the results of this study was proportional 
to the controversies arising from its publication. The main 
criticisms were the primary outcome and the high patient 
rate in the control group without any treatment. The pri-
mary outcome of the trial was the expansion of intrac-
erebral hematoma less than 35% of the volume at 12  h 
after administration of the drug. There was a statistically 
significant difference for the group of patients who were 
given Andexanet alpha (67.0% vs 53.1%) in this regard. 
However, the 30-day mortality rate was not statistically 

significant between the two groups. This result was 
achieved even though approximately 15% of patients in 
the control group did not receive any treatment (the so-
called “passive reversal” strategy). In addition, the inter-
vention group showed a higher rate of thromboembolic 
events (i.e., myocardial infarction, ischemic stroke, etc.) 
than the control group (10.3% vs 5.6%). Our meta-anal-
ysis confirms that there are no significant differences in 
short-term all-cause mortality between the two groups, 
which is consistent with the results of most of the stud-
ies (both controlled and retrospective). However, the 
ANNEXA-I study, like most of the studies included in 
this meta-analysis, was not designed to address mortal-
ity as a primary outcome. In fact, mortality is influenced 

Fig. 4  Funnel plot for all-cause short-term mortality. A Funnel plot for the controlled (RCT and PSM) studies. Egger’s test was not statistically 
significant (p = 0.47). B Funnel plot for the retrospective studies. Egger’s test was statistically significant (p = 0.03). Some studies show an excess 
reduction of mortality in favour of the Andexanet alpha group
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by the location of bleeding, the patient’s clinical condi-
tion, as well as the extent of bleeding [37]. In addition, 
ANNEXA-I is the only trial that has set inclusion criteria 
that exclude GCS score < 7 or NHISS score > 35, as well as 
scheduled surgery less than 12 h. Due to their retrospec-
tive nature, other studies on ICH patients do not have 
any specific exclusion criteria for severity of bleeding. 
However, ANNEXA-I did not demonstrate any signifi-
cant advantage in using Andexanet-alpha over 4F-PCC 
in terms of short-term mortality. Although in this study 
patients were theoretically less severe than other studies, 
the overall mortality rate in the ANNEXA-I study was 
not significantly different from other studies on patients 
with ICH (23% for ANNEXA-I vs 27%, median value in 
the other studies). In this respect, the mortality rate was 

homogeneous (i.e., around 20%) for studies on non-ICH 
patients, while in studies on ICH population, the mortal-
ity rate varied from 8%, as reported by Oh et al. to 47% of 
Milioglou et al. (Table 2S in Supplemental Material).

Regarding disability, we found that most studies did not 
report this outcome or reported it in a non-standardized 
manner. This limitation prevents the possibility of evalu-
ating the effectiveness of anticoagulation reversal based 
on this patient-centred outcome.

Our meta-analysis differs significantly from previ-
ous ones in terms of the risk of thromboembolic events 
in the Andexanet alpha group compared to the 4F-PCC 
group. In fact, we found a statistically significant higher 
incidence of thromboembolic events in the group receiv-
ing Andexanet alpha than in the 4F-PCC group (for 

Fig. 5  Forest plots for thromboembolic events. A For RCTs and PSMs, the common and the random effects model exhibited a RR of 1.74 (95% CI 
1.09–2.77], and 1.71 (95% CI 1.01–2.89), respectively. B Forest plot for the retrospective studies. The pooled RR resulted in 0.84 (95% CI 0.69–1.01) 
for the common effects model and 0.82 (95% CI 0.63–1.07) for the random effects model. B Considering the retrospective studies, the pooled RR 
resulted in 1.21 (95% CI 0.87–1.69) for the common effects model and 1.18 (95% CI 0.86–1.62) for the random effects model
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controlled studies but not for retrospective studies). The 
data analysis shows that the ANNEXA-I trial has the 
most significant impact. In fact, this study has a weight of 
almost 60%.  Most studies included in our meta-analysis 
were not published at the time of the previous meta-anal-
yses  [38–40].   For example, most studies in our meta-
analysis were not included by Shrestha et  al. and by da 
Luz et  al. because they were not published during their 
meta-analyses [38, 39]. Compared to the meta-analysis 
of Chaudhary et al., our meta-analysis also includes stud-
ies that have enrolled patients with extra-cranial bleed-
ing [41]. However, the main difference is related to the 
inclusion of the ANNEXA-I trial which, as already high-
lighted, drags the result of the meta-analysis regarding 
the safety outcome.

The effectiveness of Andexanet alpha in thrombin gen-
eration was found to be higher than 4F-PCC in a recent 
ex vivo study, but no significant difference was observed 

in the remaining haemostatic reversal tests [42]. The res-
toration of coagulative cascade factors is confirmed by 
previous in vitro studies, with Andexanet alpha showing 
greater thrombin restoring ability at low DOACs con-
centrations [43, 44]. However, regarding the main out-
come of this meta-analysis, namely mortality, Andexanet 
alpha does not appear to be more effective than the cur-
rent standard reference (i.e., 4F-PCC). The relevance of 
this result is based on the higher cost of Andexanet alpha 
compared to 4F-PCC. Due to the increased cost in com-
parison to the current 4F-PCC strategy, certain clinicians 
may be seeking an advantage to achieve strong patient-
centred outcomes [45]. In addition, concerns about safety 
in terms of increased incidence of thromboembolic 
events—although demonstrated only in patients with 
ICH (but by the only RCT published so far)—are to be 
considered carefully and deserve to be investigated with 
additional RCTs.

Fig. 6  Funnel plot for thromboembolic events. A Funnel plot for the controlled (RCT and PSM) studies. Egger’s test was not statistically significant 
(p = 0.59). B Funnel plot for the retrospective studies. Egger’s test was not statistically significant (p = 0.22)
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Limitations
The main limitation of our meta-analysis lies in the 
impossibility of establishing disability (or functional 
recovery) as an outcome, which may be considered one 
of the most important (if not the most important at all) 
in terms of patient-centred outcomes research. This 
limitation is due to the low frequency with which stud-
ies explicitly or standardize this data. This is crucial since 
mortality, despite being another patient-centred out-
come, is only indirectly linked to the use of a single drug 
and, instead, is due to various causal factors.

The nearest mortality was only considered because 
it has a more significant correlation with the haemor-
rhagic event than the 30-day mortality, which is not 
in line with previous meta-analyses’ choices [40]. It 
must be noted that in certain studies, such as the near-
est mortality study, 30-day mortality was taken into 
consideration.

Further limitation is the large rate of inconsistency 
between studies that we found in the primary outcome 
analysis of controlled studies. This, as already mentioned, 
is linked to the different types and qualities of the aggre-
gate studies. Our analysis reveals that the quality of any 
of the studies considered is generally not optimal, espe-
cially for the selection and imbalance of the two groups 
of patients. Therefore, RCTs that are both high-quality 
and methodologically correct are needed.

Conclusion
Considering a large group of both retrospective and 
controlled studies, Andexanet alpha did not show a sta-
tistically significant advantage over 4F-PCC in terms of 
mortality. In the analysis of the controlled studies alone, 
Andexanet alpha is associated with an increased risk of 
thromboembolic events.
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