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Abstract
Background and Objectives
In patients with mechanical heart valves (MHVs), anticoagulation (AC) interruption after 
intracranial hemorrhage (ICH) poses a clinical dilemma because of competing risks of ischemic 
complications and hemorrhagic recurrence. To date, the optimal timing for resuming vitamin K 
antagonists (VKAs) remains unclear. The aim of this meta-analysis was to quantify the risks of 
ischemic stroke and recurrent ICH associated with VKA resumption in this population and 
explore the temporal risk dynamics.

Methods
We systematically searched PubMed, Embase, and Cochrane Library from inception to De-
cember 2023 for studies reporting ischemic or hemorrhagic outcomes in adults with MHVs 
who experienced ICH and were considered for VKA resumption. Primary outcomes were 
ischemic stroke before AC resumption and recurrent ICH after AC resumption. Random-
effects meta-analyses were performed. Meta-regressions assessed whether timing of resumption 
influenced risk. Risk trajectories were estimated using a model-based approach.

Results
Nine studies were included, comprising 435 patients with MHVs with confirmed ICH included 
in the pooled analysis. The mean age ranged from 54.1 to 75 years; 31.3% were female. The 
pooled incidence of recurrent ICH after AC reinitiation was 11.4% (95% CI 8.2–15.6; I 2 = 0%), 
the incidence of ischemic stroke during AC suspension was 6.1% (95% CI 4.1–8.9; I 2 = 0%), 
valve thrombosis occurred in 3.3% (95% CI 1.9–5.6; I 2 = 0%), and mortality occurred in 4.9% 
(95% CI 2.0–11.5; I 2 = 37%). Meta-regression demonstrated a significant inverse association 
between time to AC resumption and risk of recurrent ICH (regression coefficient −0.039; 95% 
CI −0.093 to 0.015; p = 0.13), corresponding to an approximate 50% relative reduction in risk at 
11 days after ICH. No significant time-dependent association was observed for ischemic stroke 
(coefficient −0.013; 95% CI −0.065 to 0.039; p = 0.61).
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Discussion
In patients with MHVs who experienced an ICH, this meta-analysis found that resumption of AC was associated with a recurrent 
ICH rate of 11.4% and an ischemic stroke rate of 6.1% during AC suspension. Meta-regression suggested a lower risk of 
recurrent ICH with later AC resumption, with a potential risk reduction at approximately 11 days after ICH. No time-dependent 
increase in ischemic stroke was observed. Limitations include the retrospective design of most studies and heterogeneous AC 
timing across cohorts.

Introduction
Anticoagulation (AC) with vitamin K antagonists (VKAs) is 
essential for preventing thromboembolic complications in 
patients with mechanical heart valves (MHVs). 1-3 However, 
managing these patients becomes particularly challenging 
when AC must be interrupted because of intracranial hem-
orrhage (ICH), one of the most feared and potentially fatal 
complications of anticoagulant therapy. 4-6 Clinical decision 
making in this context involves balancing 2 competing risks: 
the risk of thromboembolic events such as acute ischemic 
stroke (AIS) or valve thrombosis when AC is withheld, and 
the risk of ICH recurrence when AC is resumed. 7 Current 
international guidelines provide limited and often vague rec-
ommendations regarding the optimal timing for resumption 
of AC in patients with MHVs after ICH. 8 This is largely due to 
the lack of high-quality randomized trials in this population 
and the rarity of patients with mechanical valves among 
broader anticoagulated cohorts. Consequently, clinical prac-
tice varies widely, and decisions are frequently made on a case-
by-case basis. We, therefore, conducted a systematic review 
and meta-analysis to estimate the pooled risk of ischemic 
stroke, valve thrombosis, recurrent ICH, and death in patients 
with MHVs who resume AC after ICH. In addition, we ex-
plored whether the timing of AC reinitiation modifies the risk 
of adverse events, with the goal of identifying time thresholds 
that may guide clinical practice.

Methods
Study Design
This systematic review and meta-analysis was registered on 
the International Prospective Register of Systematic Reviews 
(PROSPERO, CRD CRD420251022500) and reported in 
accordance with the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) statement guidelines. 
The primary objective of this systematic review and meta-
analysis was to assess the key outcomes after VKA reinitiation 
following ICH in patients with MHVs.

Standard Protocol Approvals, Registrations, 
and Patient Consents
This systematic review and meta-analysis was conducted in 
accordance with ethical standards for research involving hu-
man participants. Ethical approval for the conduct of this 
study was not required because all data were obtained from 
previously published studies. For all included studies, ap-
proval by institutional or regional ethics committees was 
presumed based on original publications. Because this analysis 
did not involve direct patient contact or identifiable 
individual-level data, patient consent was not required. No 
images or other identifiable materials requiring disclosure 
consent were included.

Data Source and Search Strategy
We systematically searched for peer-reviewed reports without 
language and time restrictions in PubMed, Embase, Web Of 
Science, Cochrane Central Register of Controlled Trials 
(CENTRAL), and Cochrane Reviews from inception to 22 
April 2025. The search term strategy included a combination 
of synonyms of “heart valve prosthesis,” “intracranial hem-
orrhage,” and “anticoagulant.” Both Medical Subject Head-
ings terms and relevant free-text keywords were used. We 
further used a snowballing approach by manually screening 
the reference lists of the included studies and relevant pre-
viously published review articles. The detailed search strategy 
is provided in eTable 1.

Eligibility Criteria
For the purpose of this systematic review and meta-analysis, 
we included studies that met all the following eligibility cri-
teria: (1) enrolled patients aged 18 years or older with MHVs; 
(2) included patients admitted to hospital with spontaneous 
ICH as the main diagnosis; (3) randomized controlled trials, 
nonrandomized controlled trials, cohort studies, and case 
series; (4) reported the outcomes of interest; (5) included 
patients with MHVs alongside other indications for VKAs 
only when patients with MHVs comprised over half of those 
who reinitiated VKA treatment. We excluded studies in-
volving pregnant patients.

Glossary
AC = anticoagulation; AIS = acute ischemic stroke; ICH = intracranial hemorrhage; MHV = mechanical heart valve; ROBINS-
I = Risk Of Bias In Non-randomized Studies of Interventions; VKA = vitamin K antagonist.
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Quality Assessment
The risk of bias in nonrandomized studies was evaluated using 
the Risk Of Bias In Non-randomized Studies of Interventions 
(ROBINS-I) tool, which assesses 7 domains: confounding, 
selection of participants, classification of interventions, devi-
ations from intended interventions, missing data, measure-
ment of outcomes, and selection of the reported result.

Outcomes and Data Extraction
The study outcomes of interest were (1) ischemic stroke 
before VKA reinitiation after ICH, (2) occurrence of valve 
thrombosis before VKA reinitiation after ICH, () recurrence 
of symptomatic ICH after VKA reinitiation following ICH, 
and (4) any death after VKA reinitiation following ICH. Data 
extraction was independently performed by 2 authors (L.D. 
and G.P.), and data were entered into an electronic spread-
sheet. Disagreements in data extraction were resolved through 
discussion between the 2 authors. In cases of persistent dis-
agreement, a third reviewer provided a final opinion to reach 
consensus (G.M.). The following baseline characteristics were 
collected from each study: study design and period, duration 
of follow-up, number of participants, median or mean time off 
AC, age, sex, and presence of atrial fibrillation.

Statistical Analysis
We conducted single-arm meta-analyses using random-effects 
models to estimate pooled proportions for each outcome. 
Proportions were pooled using the logit transformation 
method with the inverse variance approach. Between-study 
heterogeneity was estimated using the DerSimonian-Laird 
method. Studies with zero events were handled by applying 
a continuity correction of 0.5 to all cells. Heterogeneity was 
assessed using the I 2 statistic and Cochran Q test, with an I 2 

value of 0%–30% indicating low heterogeneity, 31%–60% 
moderate heterogeneity, 61%–90% substantial heterogeneity, 
and 91%–100% considerable heterogeneity. p Values <0.10 
for the Q test were considered statistically significant for 
heterogeneity. A sensitivity analysis was conducted by se-
quentially removing 1 study at a time to assess the robustness 
of the pooled estimates and the influence of individual studies. 
This leave-one-out analysis was performed using the metainf 
function from the “meta” package in R. To investigate 
whether the timing of VKA reinitiation influenced the risk of 
ischemic stroke and ICH, we performed meta-regression 
analyses using the number of days off AC as a continuous 
moderator. When studies reported medians instead of means 
for timing, medians were used directly, and this was explicitly 
acknowledged as a methodological limitation due to potential 
data skewness. Based on the meta-regression coefficients, we 
generated time-dependent risk trajectories for both outcomes 
over a 30-day period. Specifically, we estimated the time 
points at which the risk of recurrent ICH would be reduced by 
25%, 50%, and 75% compared with baseline and the risk of 
ischemic stroke would be increased by 25%, 50%, and 75%. 
These inflection points were used to illustrate the dynamic 
balance between thromboembolic and hemorrhagic risks over 
time and to help identify potential windows of optimal safety

for AC resumption. Statistical analyses were performed using 
R version 4.4.0 (R Foundation for Statistical Computing, 
Vienna, Austria) with the “meta” package.

Data Availability
Data are available on reasonable request.

Results
The initial literature search yielded 2,766 results. After the 
removal of 784 duplicates, 1,852 records were excluded based 
on title and abstract inspection. Full-text review was con-
ducted on 69 articles, ultimately resulting in the inclusion of 9 
studies in the quantitative analysis. Figure 1 shows the 
PRISMA flow diagram of the systematic literature search, 
study selection, and reasons for exclusion.

Baseline Characteristics of the
Included Studies
Nine observational studies were included, 7,9-16 encompassing 
a total of 435 patients with MHVs who experienced an ICH 
and subsequently resumed AC (Table 1 and eTable 2). The 
studies were conducted over a broad time span, ranging from 
the late 1970s to 2022. The patient age across studies ranged 
from a mean of 54.1 to 75 years. The proportion of male 
patients varied, with some studies reporting as low as 25% and 
others up to 70%. Atrial fibrillation was variably reported, with 
some studies noting its presence in more than half of the 
cohort. The number of days AC was withheld ranged from 
a mean of 1 day to over 19 days, and the decision to restart AC 
was generally made within 2 weeks of the index hemorrhage in 
most studies. The follow-up duration varied considerably, 
ranging from a few days (e.g., 6 days 13 ) to several months or 
years (e.g., 23.2 months 10 ). Most studies used a mean or 
median follow-up period between 14 and 90 days. The 2 
largestest cohorts of patients were respectively composed by 
165 patients. 7 followed by Sakusic et al. 16 (141 patients), both 
of which contributed substantially to the pooled analyses.

Ischemic Stroke Before VKA Reinitiation
After ICH
Overall, a total of 21 ischemic stroke events were observed. 
The pooled incidence of AIS before AC resumption was 6.1% 
(95% CI 4.1%–8.9%). Between-study heterogeneity was 
negligible (τ 2 = 0, I 2 = 0.0%, Q = 4.09, p = 0.849), indicating 
consistency across studies (Figure 2, panel A). Leave-one-out 
sensitivity analysis confirmed the stability of the pooled esti-
mate, with proportions ranging from 4.9% (95% CI 2.9%– 
8.2%) to 6.4% (95% CI 3.9%–10.4%) 7 (eFigure 1). No in-
dividual study had a disproportionate influence on the results. 
Visual inspection of the funnel plot showed no asymmetry, 
supporting the absence of evident publication bias (eFig-
ure 2). Meta-regression revealed no significant association 
between the number of days off AC and the risk of AIS (co-
efficient: 0.0388, SE = 0.0765, p = 0.6123) (Figure 2, panel B). 
The model explained none of the variance (R 2 = 0%), and 
residual heterogeneity remained null. Based on the meta-
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regression model, the estimated baseline risk of ischemic 
stroke before AC resumption was 4.0%. The model predicted 
that a 25% increase in risk (to 5.0%) would occur after ap-
proximately 6.0 days, a 50% increase (to 6.0%) after 11.0 days, 
and a 75% increase (to 7.0%) after 15.2 days of AC in-
terruption. These inflection points were illustrated in a time-
risk trajectory curve (Figure 2, panel C).

Recurrence of ICH After VKA Reinitiation 
Following ICH
Overall, 45 recurrent ICH events were observed after AC 
resumption. The pooled incidence of ICH recurrence was 
11.4% (95% CI 8.2%–15.6%), estimated using a random-
effects model with logit transformation (Figure 3, panel A). 
Between-study heterogeneity was low, with τ 2 of 0.0365, τ of 
0.1911, and I 2 of 11.9% (95% CI 0.0%–53.4%). The test for 
heterogeneity was not statistically significant (Q = 9.08, df = 8, 
p = 0.336), indicating that the variability across studies may be 
due to chance. Leave-one-out sensitivity analysis showed that 
the overall estimate was stable across all iterations (eFigure 3).

The pooled recurrence proportion ranged from 9.9% (95% CI 
7.2%–13.5%) to 13.8% (95% CI 10.1%–18.6%) No individual 
study disproportionately influenced the overall result, and 
heterogeneity remained low to moderate across all exclusions, 
with I 2 varying between 0% and 22.8%. Visual inspection of 
the funnel plot showed no asymmetry (eFigure 4). These 
findings confirm the robustness of the pooled estimate. Meta-
regression analysis revealed a significant inverse association 
between the number of days off AC and the risk of recurrent 
ICH. The regression coefficient was −0.1094 (SE = 0.0517; 
p = 0.0345), indicating that each additional day without AC 
was associated with a statistically significant reduction in the 
log-odds of recurrence. The model explained all observed 
heterogeneity, and the test for residual heterogeneity was 
nonsignificant (p = 0.708) (Figure 3, panel B). Using the 
regression model, we identified that a 25% relative reduction 
in risk occurred at approximately 3.4 days, a 50% reduction at 
7.9 days, and a 75% reduction at 14.9 days after AC re-
sumption. These thresholds were visualized in a risk trajectory 
curve generated from the model (Figure 3, panel C).

Figure 1 PRISMA Flowchart for Study Selection

PRISMA = Preferred Reporting Items for System-
atic Review and Meta-Analysis.

Neurology | Volume 105, Number 8 | October 21, 2025 Neurology.org/N
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Time-Dependent Risk Modeling of AIS and ICH 
After AC Interruption
The modeled trajectory showed opposing trends for AIS and 
ICH risk over time (Figure 4, panel A). The estimated 
baseline risk of ICH at day 0 was 20%, which declined pro-
gressively with longer AC interruption. A 25% risk reduction 
in ICH occurred at approximately 6 days, 50% at 7.9 days, and 
75% at 3.4 days. Conversely, the estimated baseline risk of AIS 
at day 0 was 4.0% and increased over time, with a 25% increase 
at 6.0 days, 50% at 11.0 days, and 75% at 15.2 days. This 
visualization highlights the dynamic interplay between hem-
orrhagic and thrombotic risks. A temporal “window” around 
10–15 days may offer a clinically relevant balance point, where 
the bleeding risk has declined substantially but the thrombotic 
risk has remained within an acceptable range (Figure 4, 
panel B).

Valve Thrombosis Before VKA Reinitiation 
After ICH
Nine studies reported valve thrombosis events before AC 
resumption, for a total of 435 patients and 9 events. The 
pooled incidence of valve thrombosis was 3.3% (95% CI 
1.9%–5.6%), estimated using a random-effects model with 
logit transformation. Between-study heterogeneity was 
negligible, with an τ 2 of 0 and I 2 of 0.0% (95% CI 0.0%– 
64.8%). The test for heterogeneity was not statistically 
significant (Q = 3.58, df = 8, p = 0.893), indicating a high 
consistency of findings across studies (eFigure 5).

Death After VKA Reinitiation Following ICH
The pooled incidence of mortality was 4.9% (95% CI 2.0%– 
11.5%), estimated using a random-effects model with logit 
transformation. Moderate heterogeneity was observed across 
studies, with an I 2 of 37.4% (95% CI 0.0%–71.2%) and τ 2 of 
0.676. However, the test for heterogeneity did not reach 
statistical significance (Q = 12.78, df = 8, p = 0.120), sug-
gesting that the variation between study results may be due to 
random error (eFigure 6).

Risk of Bias
According to the risk-of-bias summary (Figure 5), the study 
by Kuramatsu et al. 17 was the only one rated at low risk 
across all ROBINS-I domains, including the overall judg-
ment. This finding seems robust and is supported by the 
use of a large, prospectively collected multicenter cohort, 
comprehensive adjustment for confounding, and trans-
parent outcome reporting. All other studies were judged to 
have a critical overall risk of bias, except for 1 study, 16 which 
was rated as having a moderate overall risk, based on the 
adjustment for major confounders despite a limited sample 
size. The domain most frequently associated with high risk 
was bias due to confounding, rated as critical in 7 studies. 
This reflects the predominance of retrospective designs and 
uncontrolled case series, with no comparators or adjust-
ment strategies. Bias in selection of participants was also 
commonly rated as serious, especially in earlier studies with 
unclear or selective inclusion methods. Only 2 studies 16,17

Table 1 Study Characteristics

Study
Study
period

Total MHV 
population
with ICH

Duration 
of AC
therapy

Age,
years b

Sex, 
male, n
(%)

AF, n
(%)

Type of ICH,
lobar, n (%)

Days AC
discontinued

Patients with MHVs 
and ICH restarted on
AC

Duration 
of follow-
up

Babikian
et al. 9

Na 6 69.3 mo
(mean)

66.5
(mean)

3 (50) Na Na 19 (mean) 6 6 mo

Butler and
Tait 10

1994–1997 16 a 86 mo
(mean)

60.2
(mean)

Na Na Na 7 (median) 13 23.2 mo
(mean)

Leker and
Abramsky 11

1989–1996 4 9.75 y
(mean)

60
(mean)

1 (25) 3 (75) Na 1 (mean) 4 Na

Wijdicks
et al. 12

1976–1997 39 6 y (median) 69
(median)

27 (69) 12
(31)

10 (26) 8 (mean) 26 Na

Bertram
et al. 13

1992–1997 10 Na 54.1
(mean)

7 (70) 3 (30) 7 (70) 1.4 (mean) 10 6 (d)

Kuramatsu
et al. 14

2006–2010
2011–2015

137 Na 70
(mean)

90 Na 27 (19) 6.7 (mean) 66 90 (d)

Kang et al. 15 2013–2017 6 Na 68.3
(mean)

4 (66.7) 6
(100)

4 (67.7) 8.5 (mean) 4 14.5 (d)

Barra et al. 7 2000–2018 184 Na 65.3
(mean)

116 (63) 93
(50.8)

48 (26.1) 12.7 (mean) 165 30 (d)

Sakusic
et al. 16

2000–2022 171 Na 75
(mean)

117
(68.4)

102
(59.6)

Na 10 (median) 141 48 (d)

Abbreviations: AC = anticoagulant; AF = atrial fibrillation; ICH = intracranial hemorrhage; MHVs = mechanical heart valves. 
a Includes 1 case with intraspinal hemorrhage.
b Calculated for the study analysis.

Neurology.org/N Neurology | Volume 105, Number 8 | October 21, 2025
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were rated as low risk in this domain. Classification of 
interventions, missing data, and measurement of outcomes 
were generally rated at low risk, with the exception of 1 
study where outcome ascertainment was not systematically 
described and thus judged at serious risk. Bias due to 
deviations from intended interventions was typically judged 
as moderate, reflecting real-world variation in clinical 
decisions without protocolization. Selective reporting bias 
was rated serious in older case series where outcomes were 
inconsistently reported and no prospective protocol was 
available. However, in more recent studies, the reporting 
domain was consistently rated as low.

Additional analyses are reported in eMethods and eFig-
ures 7–12.

Discussion
This systematic review and meta-analysis provides an updated 
and focused synthesis of current evidence regarding the tim-
ing and safety of AC reinitiation in patients with MHVs after 
ICH. Our findings, derived from 9 observational studies in-
cluding 435 patients, provide the most comprehensive esti-
mate to date of event rates in this high-risk population: 11.4% 
for recurrent ICH, 6.1% for ischemic stroke, 3.3% for valve

Figure 2 Risk of Ischemic Stroke Before VKA Reinitiation After Intracranial Hemorrhage

(A) Forest plot of proportions of ischemic stroke events occurring before anticoagulant resumption across individual studies. (B) Meta-regression analysis 
exploring the association between the number of days off anticoagulation and the risk of ischemic stroke. The solid line represents the estimated risk, and the 
dashed lines represent the 95% CI. (C) Estimated cumulative risk of ischemic stroke over time off anticoagulation. The risk increases progressively with longer 
interruption of anticoagulation. Markers indicate the estimated number of days at which 25% (6 days), 50% (11 days), and 75% (15.2 days) of the ischemic 
events are expected to occur. VKA = vitamin K antagonist.
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thrombosis, and 4.9% for death. These results highlight the 
precarious clinical challenge of balancing the competing risks 
of hemorrhagic recurrence and thromboembolic complica-
tions after ICH. A key element of novelty of this analysis lies in 
its use of meta-regression to model the relationship between 
time off AC and event risk. Our results suggest that the risk of 
ICH recurrence decreases significantly with longer AC in-
terruption. Specifically, a 50% reduction in risk is expected at 
approximately 7.9 days, with a 25% and 75% reduction at 3.4 
and 14.9 days, respectively. Conversely, the thromboembolic 
risk, reflected by ischemic stroke occurrence, shows a slow but 
progressive increase over time. The model estimated a base-
line stroke risk of 4.0% at day 0, with a 50% increase occurring

after 11 days. These opposing temporal trajectories un-
derscore a potential “window of opportunity” between 10 and 
15 days after ICH where the balance of hemorrhagic and 
thrombotic risk may be most favorable.

A previous meta-analysis 18 did not report an advanced 
modeling of time-dependent risk. Their pooled ICH re-
currence rate was slightly higher (13%) compared with ours 
(11.4%). In addition, rates of thromboembolic events, in-
cluding valve thrombosis (7%) and ischemic stroke (10%), 
were also higher than in our study. Notably, the earlier review 
included 23 studies with only 108 patients, most of whom 
were from small or anecdotal reports. By contrast, our analysis

Figure 3 Risk of Intracranial Hemorrhage After VKA Reinitiation Following Previous Intracranial Bleeding

(A) Forest plot showing the proportion of patients who experienced recurrent intracranial hemorrhage after VKA reinitiation in each study. (B) Meta-
regression evaluating the association between the number of days off anticoagulation and the risk of recurrent intracranial hemorrhage. The plot indicates 
a decreasing risk with longer duration off anticoagulation. The solid blue line represents the estimated association, and dashed lines represent the 95% CI. (C) 
Estimated cumulative risk of recurrent intracranial hemorrhage over time since anticoagulation interruption. The curve shows a progressive decrease in risk. 
Key thresholds indicate when the risk drops to 75% (;3.4 days), 50% (;7.9 days), and 25% (;14.9 days) of the initial value. VKA = vitamin K antagonist.
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Figure 4 Comparative Evolution of Ischemic Stroke and Intracranial Hemorrhage Risk After AC Interruption

(A) Superimposed risk curves showing 
the estimated risk of ischemic stroke 
(blue solid line) and recurrent in-
tracranial hemorrhage (red dashed 
line) over time after AC interruption. 
Key thresholds are indicated for both 
outcomes at 25%, 50%, and 75% of 
risk variation: ischemic stroke risk 
increases over time while hemor-
rhagic risk decreases. The in-
tersection point suggests a potential 
window of optimal balance for re-
sumption. (B) Cumulative incidence 
curves of AIS (blue line) and ICH (red 
dashed line) based on days off AC. The 
curves depict the relative timing and 
cumulative risk of both events, high-
lighting a temporal tradeoff between 
ischemic and hemorrhagic complica-
tions. AC = anticoagulation; AIS = 
acute ischemic stroke; ICH = in-
tracranial hemorrhage.

Figure 5 Summary of Risk-of-Bias Domains for Each Included Study, Evaluated According to the ROBINS-I Tool

The 7 domains assessed are confounding, selec-
tion of participants, classification of interventions, 
deviations from intended interventions, missing 
data, measurement of outcomes, and selection of 
the reported result. Colors indicate the level of 
bias risk: black = critical, red = serious, yellow = 
moderate, and green = low. ROBINS-I = Risk Of 
Bias In Non-randomized Studies of Interventions.
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is based on larger cohorts, more rigorous inclusion criteria, 
and statistical methods that improve precision and general-
izability. Moreover, in contrast to this previous meta-analy-
sis, 18 our analysis included exclusively patients who resumed 
AC after ICH while the previous meta-analysis included both 
patients who resumed and those who did not, complicating 
direct estimation of postresumption risks. By isolating 
patients who actually restarted VKAs, our findings reflect the 
real-world risks clinicians face when considering reinitiation of 
AC, thereby enhancing clinical relevance. Our findings align 
partially with a previous large multicenter analysis 14 of 
patients with VKA-associated ICH, including a subgroup with 
MHVs. In their analysis, therapeutic AC resumed within 
13 days was associated with increased hemorrhagic compli-
cations while thromboembolic events occurred at a lower rate 
in patients who remained off AC during hospitalization. 
However, the authors did not provide pooled estimates of 
risks or identify specific time thresholds, and their composite 
outcomes included both symptomatic and asymptomatic ICH 
recurrence, potentially overestimating the hemorrhagic risk. 
Conversely, a retrospective analysis 7 of 184 patients with 
MHVs and ICH, did not show a statistically significant dif-
ference in thrombotic or hemorrhagic outcomes when AC 
was resumed ≤7 days vs between 7 and 30 days. However, 
those who did not resume AC within 30 days had significantly 
higher ischemic stroke and mortality rates. Their approach, 
however, grouped heterogeneous ICH types and applied 
categorical timing windows, potentially limiting temporal 
resolution. Our continuous meta-regression approach offers 
a more nuanced temporal risk trajectory, allowing for clini-
cally interpretable benchmarks such as the “break-even” point 
between bleeding and ischemia.

The low heterogeneity observed across most 
outcomes—especially ICH recurrence and valve 
thrombosis—supports the reliability of our pooled esti-
mates. The exception was mortality (I 2 = 37%), possibly 
reflecting variability in follow-up duration, reporting stand-
ards, or underlying comorbidities. Furthermore, our leave-
one-out sensitivity analysis confirmed the robustness of the 
pooled estimates and identified no single study as an outlier, 
further strengthening confidence in our conclusions.

This meta-analysis presents several strengths. First, we used 
a robust statistical methodology, including meta-regression 
and leave-one-out sensitivity analyses, which enhanced the 
reliability and interpretability of results. Second, the included 
studies represent real-world clinical practice, without exces-
sive exclusion criteria or artificial trial settings, thereby in-
creasing external validity. Third, the geographic diversity of 
the cohorts included—spanning Europe, North America, and 
Asia—supports generalizability across different health care 
contexts. Finally, we observed low statistical heterogeneity for 
most outcomes, further reinforcing the consistency of the 
findings. Our analysis has several limitations. All included 
studies were observational, subject to confounding, selection 
bias, and outcome misclassification. For instance, patients

deemed at lower risk may have been selected for earlier AC 
reinitiation, potentially underestimating true bleeding risks. 
Conversely, higher risk individuals may have been excluded 
from resumption entirely, inflating perceived thrombotic risk 
if they were not captured. The retrospective nature of most 
studies also suggests that important clinical variables—such as 
ICH volume, location, or control of blood pressure—were 
not uniformly reported. Still, granular clinical data were often 
missing. Information about valve type (e.g., mitral vs aortic), 
AC intensity (e.g., international normalized ratio target), and 
use of bridging therapy (e.g., low-molecular-weight heparin) 
was inconsistently available. The potential influence of these 
variables on bleeding or thrombotic outcomes remains 
unquantified. Similarly, the effect of concomitant antiplatelet 
therapy—an important modifier of hemorrhagic risk—was 
rarely reported. An important limitation of this meta-analysis 
is the lack of granular data regarding the characteristics of the 
index ICH, such as hematoma volume, location, and un-
derlying etiology. In particular, none of the included studies 
reported a formal diagnosis of probable cerebral amyloid 
angiopathy, which is now recognized as a major predictor of 
ICH recurrence. This absence may reflect the retrospective 
nature of several studies and the period during which many 
were conducted. Nonetheless, the variability in ICH etiology 
across included cohorts reinforces the real-world relevance of 
our findings.

In conclusion, our analysis suggests that a delay of approxi-
mately 10–15 days before resuming AC may optimize the 
balance between hemorrhagic and thromboembolic risk in 
patients with MHVs after ICH. These findings offer a data-
driven framework for clinical decision making, although 
prospective studies with patient-level data and standardized 
definitions are needed to validate and refine these estimates.
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