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Is preoperative intracranial hemorrhage a surgical contraindication
in infective endocarditis with stroke?
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Background: The optimal timing for surgery in infective endocarditis (IE) with hemorrhagic stroke
and neurologic deficits is difficult to decide because of the risk of exacerbating the stroke and provoking
intracranial hemorrhagic conversion after surgery using cardiopulmonary bypass (CPB). This retrospective
study aimed to investigate the impact of the presence or absence of preoperative intracranial hemorrhage
(ICH) on surgical outcomes in IE with recent stroke.

Methods: The medical records of all patients who underwent open heart surgery for active IE from
February 2009 to December 2020 were retrospectively reviewed. Among 164 patients who had surgery for
left-sided IE, 71 cases in which the period from stroke onset to surgery was <4 weeks were divided into two
groups for analysis.

Results: Group A consisted of 49 patients without preoperative ICH and group B consisted of 22 patients
with preoperative ICH. There was no significant difference in underlying conditions between the two
groups. The two groups had similar rates of postoperative ICH (10.2%, group A vs. 13.6%, group B,
P=0.696). The 30-day mortality rate was 8.2% in group A and 4.5% in group B (P=1.000), and the one-
year survival was 86.8% in group A and 95.5% in group B (P=0.320). Univariate analysis was performed to
identify risk factors for exacerbation of postoperative ICH in the 71 patients, but none of the factors tested
showed statistically significant association with the exacerbation of ICH.

Conclusions: Preoperative ICH did not appear to increase the risk of exacerbation of postoperative ICH
or the early mortality rate after open heart surgery in patients with infectious endocarditis accompanied by
recent septic cerebral embolism.
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Introduction

In active infective endocarditis (IE), systemic emboli causing
septic cerebral embolism, including hemorrhagic change,
are not uncommon (1,2). Intracranial hemorrhage (ICH) is
reported in about 5% of active IE cases (3). Septic erosion
of a vessel wall or rupture of a mycotic aneurysm are known
causes of ICH in IE (4). There are several reports favoring
early surgery for IE, even in high-risk patients with a recent
stroke (5-7).

However, the optimal timing for surgical treatment
of IE in patients with severe stroke and neurologic
deficits is unclear because of the risk of exacerbating the
stroke or provoking intracranial hemorrhagic conversion
after using cardiopulmonary bypass (CPB). The use of
anticoagulants, such as heparin, increases the risk of any
ICH, including hemorrhagic transformation of a previous
cerebral infarction (8). The utilization of anticoagulants
with artificial heart valves after open heart surgery may also
increase the risk of cerebral hemorrhage.

The recent guidelines recommend delaying open heart
surgery in IE until 4 weeks after the onset of an ICH
(9,10). However, exceptions to these guidelines may arise in
situations where emergency surgery is required and entails
assuming all risks. We sought to determine the effects of
open heart surgery using CPB and postoperative care on
the risk of postoperative ICH.

The objective of this retrospective study was to
compare the surgical outcomes between patients with ICH
and without ICH accompanying recent septic cerebral
embolism in IE. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-695/rc).

Methods
Study subjects

The records of 179 patients who underwent open heart
surgery at Seoul St. Mary’s Hospital for active IE from
February 2009 to December 2020 were retrospectively
reviewed. All cases of active IE were diagnosed with the
modified Duke criteria (11). We excluded 15 cases with
operation to only the right side of the heart. Among 164
cases with left-sided IE, 74 patients were diagnosed with
preoperative stroke. Finally, 71 cases with a period of
<4 weeks from stroke onset to surgery were included for the
study (Figure I).

In all cases, indications for surgery included signs of
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heart failure, severe valve dysfunction, prosthetic IE,
invasive paravalvular abscess or fistula, recurrent systemic
embolization, large mobile vegetations, and persistent
sepsis despite adequate antibiotic therapy. Factors related
to complications, primarily neurologic involvement and
other comorbidities, were also considered and weighed in
the decision-making process. The timing of surgery was
ultimately decided by the attending surgeon in each case
after consultation with the cardiologist, infectious disease
specialist, neurologist, and neurosurgeon and consideration
of the clinical situation.

IE diagnosed after 2 days in hospital or associated with
any invasive procedure performed within 6 months was
defined as a nosocomial infection (12,13). Screening brain
imaging including computed tomography (CT) or magnetic
resonance imaging (MRI) was performed routinely except
in salvage operations. Even in situations where emergency
surgery is required due to worsening heart failure caused
by infective endocarditis, brain imaging was performed
preoperatively to assess any neurological complications.
Preoperative stroke, including ICH, was diagnosed by
imaging and confirmed by a radiologist and a neurologist.
Preoperative ICH included intracerebral hemorrhage and
subarachnoid hemorrhage, and intracerebral hemorrhage
included hemorrhagic infarction and parenchymal
hemorrhage. The onset of ICH was based on the
occurrence of neurological symptoms. In neurologically
asymptomatic patients, the time of the preoperative brain
imaging was considered the time of onset of ICH.

Preoperative neurological symptoms were scored using
a modified Rankin score (14) and the National Institutes
of Health (NIH) stroke scale. The measurement of these
two scores, used to evaluate neurological symptoms,
was based on the time of stroke diagnosis in patients.
Cardiac operative risk was evaluated according to the
European System for Cardiac Operative Risk Evaluation
(EuroSCORE) index (15) and the Validated Risk Score for
Predicting 6-month Mortality in Infective Endocarditis (16).

The presence or absence of ICH in our study population
did not affect the surgical method. All patients underwent
median sternotomy, and received 300 units/kg of intravenous
heparin for CPB. The decision for an artificial heart valve
was mainly dependent on the patient’s age, comorbidity,
and preference for a bioprosthetic or a mechanical
valve. Neurological evaluation and the need for brain
imaging were routinely discussed with all patients who
had a history of stroke before undergoing surgery.
Postoperative anticoagulation was started in consultation
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Figure 1 Patient selection diagram. CVA, cerebrovascular accident.

with the neurologist or the neurosurgeon. The criteria
for postoperative cerebrovascular accidents (CVA) were
defined as follows: based on the patient’s neurological
clinical symptoms, a consultation with a neurologist or
neurosurgeon was conducted, followed by a decision to
perform brain imaging. Postoperative CVA was defined
by radiological interpretation of brain imaging results
indicating the newly occurrence of ischemic or hemorrhagic
lesions. Postoperative ICH was defined as any intracerebral
or subarachnoid hemorrhage occurring during the
postoperative hospitalization period.

The primary outcome was defined as the occurrence of
ICH during hospitalization after surgery and the secondary
outcomes were defined as 30-day mortality after surgery
and the one-year survival rate.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was

reviewed and approved by the Institutional Review Board
of Seoul St. Mary’s Hospital IRB No. KC22RISI0866) and
the requirement for informed consent was waived.

Statistical analyses

Continuous variables are presented as means with standard
deviations and categorical variables are presented as counts
with percentages. For comparisons between groups,
continuous variables were analyzed using the independent-
sample z-test or Mann-Whitney U test and categorical
variables were analyzed using the chi-square or Fisher exact
test. Kaplan-Meier survival curves were drawn, and logistic
regression analysis was performed for the univariate analysis.
All statistical analyses were performed by using R (R 4.2.1;
The R Foundation for Statistical Computing, Vienna, Austria),
and statistical significance was defined by P values <0.05.
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Table 1 Preoperative clinical characteristics
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Variables Group A (n=49) Group B (n=22) P value
Sex, female 17 (34.7) 5(22.7) 0.410
Age, years 56.90+15.23 53.91+18.79 0.480
BMI, kg/m’ 21.82+3.31 22.77+3.61 0.279
BSA, m’ 1.67+0.19 1.77+£0.19 0.057
Atrial fibrillation 4(8.2) 4(18.2) 0.243
Coronary artery disease 11 (22.4) 2(9.1) 0.319
Chronic kidney disease 7 (14.3) 3(13.6) 1.000
Dialysis 2(4.9) 1(4.5) 1.000
Diabetes 12 (24.5) 3(13.6) 0.363
Hypertension 18 (36.7) 5(22.7) 0.285
Malignancy 7 (14.3) 1(4.5) 0.420
Peripheral arterial occlusive disease 3 (6.1) 0 (0.0) 0.547
NYHA class, llI-IV 20 (40.8) 10 (45.5) 0.797
Ejection fraction, % 60.09+6.31 58.24+6.83 0.269
Staphylococcus aureus 8(16.3) 6 (27.3) 0.339
Aortic valve involvement 20 (40.8) 13 (69.1) 0.201
Mitral valve involvement 31 (63.3) 14 (63.6) 1.000
Previous cardiac surgery 8(16.3) 2(9.1) 0.714
Prosthetic |IE 5(10.2) 2(9.1) 1.000
Emergency operation 21 (42.9) 9 (40.9) 1.000
Stroke occurrence to surgery time, days 4.20+5.83 6.82+6.31 0.093
Nosocomial infection 19 (38.8) 7 (31.8) 0.607
Modified Rankin score 1.08+1.55 1.91+£1.66 0.046
NIH stroke scale 2.33+4.49 2.77+3.93 0.689
EuroSCORE II, % 12.85+14.91 10.27+11.31 0.472
Predicted 6-month mortality, % 28.82+14.87 28.18+12.78 0.860

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. BMI,
body mass index; BSA, body surface area; NYHA, New York Heart Association; IE, infective endocarditis; NIH, National Institutes of
Health; EuroSCORE, European System for Cardiac Operative Risk Evaluation.

Results

Records of all patients who underwent open heart surgery
for active IE during the study period were examined, and 71
patients with recent (within the past 4 weeks) stroke event
confirmed by preoperative brain imaging were divided
into two groups according to the presence (n=22; group
B) or absence (n=49; group A) of ICH. The characteristics
of the included patients are described in Tizble 1. Among
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the 22 patients with preoperative ICH, 16 (72.7%)
had intracerebral hemorrhage (including hemorrhagic
infarction and parenchymal hemorrhage) and 12 (54.5%)
had subarachnoid hemorrhage. The preoperative cerebral
vascular examination revealed the presence of mycotic
aneurysms, which were unruptured, in only two patients.
The two groups were similar in terms of gender, age,
and underlying conditions including atrial fibrillation; the
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Variables Group A (n=49) Group B (n=22) P value
Aortic valve replacement 20 (40.8) 13 (59.1) 0.201
Mitral valve repair 3(6.1) 1(4.5) 1.000
Mitral valve replacement 28 (57.1) 13 (59.1) 1.000
Double valve replacement 2(4.1) 4(18.2) 0.070
Aortomitral curtain reconstruction 2 (4.1) 2(9.1) 0.583
Tissue valve implantation 15 (30.6) 11 (50.0) 0.182
Aortic cross clamp time, minutes 92.73+40.86 95.73+40.33 0.775
Cardiopulmonary bypass time, minutes 122.24+53.49 128.82+67.28 0.660

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation.

Table 3 Postoperative outcomes

Variables Group A (n=49) Group B (n=22) P value
Total CVA 5(10.2) 4(18.2) 0.444
Postoperative ICH 5(10.2) 3(13.6) 0.696
Surgery for ICH 2(4.1) 0(0.0) 1.000
Acute kidney injury 9(18.4) 2(9.1) 0.483
Postoperative bleeding 4(8.2) 1(4.5) 1.000
Pneumonia 2(4.1) 0 (0.0 1.000
Permanent pacemaker 2(4.1) 1(4.5) 1.000
ICU stay, days 3.88+6.22 5.36+8.43 0.409
30 days mortality 48.2) 1(4.5) 1.000

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. CVA,
cerebrovascular accident; ICH, intracranial hemorrhage; ICU, intensive care unit.

proportion of female patients was lower in both groups
(34.7% vs. 22.7%, P=0.410); and surgery was performed
emergently (within one day of IE diagnosis) in more than
40% (42.9% vs. 40.9%, P=1.000) of the patients in both
groups. The average time from stroke onset to surgery
was 4.20 days in group A and 6.82 days in group B; this
difference was not significant (P=0.093). The modified
Rankin score was significantly higher in group B (1.08+1.55
vs. 1.91=1.66, P=0.046), but there was no significant
difference in NIH scores and EuroSCORE II results
(2.33£4.49 vs. 2.77£3.93, P=0.689 and 12.85%=14.91% uvs.
10.27%+11.31%, P=0.472, respectively).

There were also no statistically significant differences
between the two groups in terms of factors known to
affect postoperative outcomes, including the incidence
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of Staphylococcus aureus as the causative agent of IE, the
preoperative cardiac function, and the New York Heart
Association (NYHA) class.

In operative data (Tible 2), double valve replacement
was more common among patients in group B, but
not significantly (4.1% vs. 18.2%, P=0.070). In the
overall surgical method, neither CPB (122.24+53.49
vs. 128.82+67.28 min, P=0.660) nor aortic cross clamp
(92.73+40.86 vs. 95.73+40.33 min, P=0.775) time differed
significantly between groups. There was no difference in
the use of tissue valves between the two groups (30.6% vs.
50.0%, P=0.182).

The postoperative results are described in Table 3. We
compared the rates of postoperative CVA, the proportion
of ICH among them, and the number of patients with
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Figure 2 Kaplan-Meier survival curve (1-year). The 1-year
survival rate after open heart surgery for infective endocarditis was
86.8%=5.1% in group A and 95.5%+4.4% in group B (P=0.320).

ICH requiring neurosurgical intervention. In addition, we
summarized and compared the number of cases with acute
kidney injury, postoperative bleeding requiring reoperation,
pneumonia, and requirement for permanent pacemaker
insertion, along with the lengths of stay in the intensive
care unit ICU) and the 30-day mortality rates. In group A,
the average follow-up observation period was 1,421.61 days,
while in group B, it was 1,440.05 days (P=0.956).

Among the 49 patients in group A, 5 (10.2%) had
postoperative stroke, all of which were ICH, with 2
requiring neurosurgical intervention. Among the 22
patients in group B, 4 (18.2%) had postoperative stroke,
with 1 diagnosed as cerebral infarction and 3 (13.6%)
diagnosed as further progression of the ICH. There was
no statistically significant difference between groups in the
proportion of patients who experienced postoperative ICH
(10.2%, group A vs. 13.6%, group B, P=0.696). However,
all 3 patients in group B who experienced postoperative
ICH received conservative treatment without neurosurgical
intervention. The overall incidence of postoperative CVA,
including ischemic stroke, as well as the incidence of brain
hemorrhage after cardiac surgery, which was the primary
outcome measure, showed no statistically significant
difference between the two groups (10.2% wvs. 18.2%,
P=0.444 and 10.2% vs. 13.6%, P=0.696, respectively). All

© Journal of Thoracic Disease. All rights reserved.

Lee et al. IE with ICH

of the cases of postoperative ICH were diagnosed within
10 days of the initial operation.

There was no statistically significant difference between
the two groups in terms of other complications and length
of stay in the ICU. In terms of 30-day mortality, there
were 4 deaths (8.2%) in group A and 1 (4.5%) in group B
(P=1.000). All patients who died within 30 days died during
the hospitalization. The causes of death in 4 patients who
died in group A were septic shock in 2 patients, heart failure
in 1, and arrhythmia in 1. In group B, the cause of death of
the only patient who died during the hospitalization was
septic shock.

"The Kaplan-Meier curves for one-year survival in groups
A and B are shown in Figure 2. The one-year survival rate
was 86.8% in group A and 95.5% in group B, and there
was no statistically significant difference between the two
groups (P=0.320).

Univariate analysis was performed and odds ratios were
calculated for the total 71 patients included in the study to
identify risk factors for postoperative ICH (7able 4), but no
statistically significant factors were found.

We also performed a subgroup analyses to investigate
the impact of a shorter time between preoperative stroke
and open heart surgery on the postoperative outcomes,
specifically comparing the effects of hemorrhagic stroke vs.
ischemic stroke, and setting the time from stroke to surgery
as within 2 weeks (n=66; groups C and D) and within 1 week
(n=51; groups E and F), instead of within 4 weeks. The
subgroups were analyzed using the same statistical methods
described above. Among the 66 patients in the 2-weeks
subgroup, there were 46 patients without preoperative ICH
(group C) and 20 patients with preoperative ICH (group
D). Among 51 patients in the 1-week subgroup, there were
39 patients without preoperative ICH (group E) and 12
patients with preoperative ICH (group F).

Preoperative characteristics, operative data, and
postoperative outcomes in the subgroups are summarized
in Tables S1-S3 and Figure S1 (2-week subgroups) and in
Tables S4-S6 and Figure S2 (1-week subgroups). There
were no significant differences in most clinical factors and
no significant differences in one-year survival (Kaplan-Meier
curve) between groups in either subgroup analysis.

Discussion

The safety of early surgery in patients with active IE with
septic cerebral embolism has not yet been proven. Even
very early surgery within 7 days after the onset of ICH
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Univariate analysis

Variables

OR (95% Cl) P value
Sex, female 2.500 (0.564-11.100) 0.228
Age, years 1.010 (0.966-1.060) 0.624
BMI, kg/m? 0.962 (0.766-1.210) 0.736
BSA, m’ 0.190 (0.003-12.100) 0.434
Atrial fibrillation 0.000 (0.000-infinity) 0.994
Coronary artery disease 1.580 (0.2800-8.870) 0.606
Chronic kidney disease 0.857 (0.094-7.820) 0.891
Dialysis 4.360 (0.349-54.400) 0.253
Diabetes 0.500 (0.057-4.410) 0.533
Hypertension 1.290 (0.280-5.940) 0.744
Malignancy 0.000 (0.000-infinity) 0.994
Peripheral arterial occlusive disease 0.000 (0.000-infinity) 0.995
NYHA class, IlI-IV 4.870 (0.909-26.100) 0.064
Ejection fraction, % 1.030 (0.910-1.170) 0.634
Staphylococcus aureus 2.840 (0.589-13.700) 0.194
Aortic valve involvement 2.080 (0.458-9.480) 0.342
Mitral valve involvement 0.537 (0.122-2.360) 0.410
Previous cardiac surgery 0.857 (0.094-7.820) 0.891
Prosthetic IE 0.000 (0.000-infinity) 0.995
Emergency operation 2.530 (0.5550-11.600) 0.230
Stroke occurrence to surgery time, days 0.987 (0.868-1.120) 0.846
Nosocomial infection 1.040 (0.228-4.770) 0.956
Modified Rankin score 1.350 (0.892-2.050) 0.154
NIH stroke scale 1.090 (0.960-1.250) 0.177
EuroSCORE Il, % 1.000 (0.950-1.060) 0.951
Predicted 6-month mortality, % 1.030 (0.978-1.080) 0.290
Aortic valve replacement 2.080 (0.458-9.480) 0.342
Mitral valve repair 2.860 (0.261-31.300) 0.390
Mitral valve replacement 0.395 (0.087-1.800) 0.230
Double valve replacement 0.000 (0.000-infinity) 0.992
Aortomitral curtain reconstruction 0.000 (0.000-infinity) 0.994
Tissue valve implantation 1.860 (0.424-8.180) 0.410
Aortic cross clamp time, minutes 0.995 (0.975-1.020) 0.659
Cardiopulmonary bypass time, minutes 0.996 (0.982-1.010) 0.628

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. ICH,
intracranial hemorrhage; OR, odds ratio; Cl, confidence interval; BMI, body mass index; BSA, body surface area; NYHA, New York Heart
Association; IE, infective endocarditis; NIH, National Institutes of Health; EuroSCORE, European System for Cardiac Operative Risk

Evaluation.
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is not recommended in patients with ICH (17). ICH in
patients with IE is associated with a high mortality rate
(approximately 50%), and is often a contraindication to
surgery (18). Symptomatic ICH in IE is also known to
have a negative impact on functional outcomes among the
affected patients (19). Therefore, planning for open heart
surgery in patients with active IE with a recent stroke
requires compromises, taking all risks and benefits into
consideration.

As can be seen from the data of our study, mycotic
aneurysms were uncommon, and is known to be occurring
in 2% of patients with IE (20). Secondary ICH is more
likely in an underlying ischemic injury, and radiographic
evidence of hemorrhage has been observed with 4-week
serial brain imaging in approximately 43% of patients with
acute ischemic stroke (21), while hemorrhagic infarction or
hemorrhagic transformation of an infarct occurs in about
30% of patients with ischemic stroke (22).

In our study, none of the variables tested at univariate
analysis, including age, causative pathogen, emergency
surgery, time interval from stroke onset to surgery,
neurological score, the use of a tissue valve, and CPB time,
were associated with the worsening of postoperative ICH (all
P>0.1).

Subgroup analysis was carried out based on the time
from any stroke to surgery in order to thoroughly examine
the preoperative characteristics, operative data, and
postoperative outcomes. Patients with stroke up to two
weeks and stroke up to one week preoperatively were
analyzed using the same method, respectively, but no
significant results were obtained.

The time intervals of one week and two weeks were
chosen in the subgroup analyses because the unit of
week is easily understandable. Additionally, the decision
was influenced by the findings of Okita er al. (17), who
indicated that surgery within one week after ICH is risky,
and Yoshioka er 4/. (23), who suggested that there is no
significant increase in risk if cardiac surgery is performed
within two weeks after ICH.

One notable finding from the subgroups is that the two
patients who experienced postoperative cerebral hemorrhage
in group F accounted for approximately 66.7% of the three
patients in group B. Additionally, the four patients who
experienced postoperative cerebral hemorrhage in group
E accounted for 80% of the five patients in group A. Thus,
a large portion of patients with postoperative ICH had a
history of stroke within one week prior to the surgery.

Although Okita et al. (17) have suggested that early
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surgery (within a week of stroke occurrence) in patients
with ICH results in a more dangerous prognosis after
surgery, this study yields a different result. Nevertheless, it
is important to note that although there was no significant
difference in the rates of postoperative ICH between
groups in our study, a large proportion of patients with
postoperative ICH had a history of stroke, including
ischemic stroke, within one week before surgery. Therefore,
in clinical practice, it is better to consider the possibility that
ischemic stroke within one week, as well as hemorrhagic
stroke, may be a potential risk factor for exacerbation
postoperative ICH.

Although we described preoperative neurological
symptoms using two score systems (NIH and modified
Rankin score), hemorrhagic changes of preoperative
septic cerebral emboli were sometimes asymptomatic.
Symptomatic and asymptomatic hemorrhagic changes
are reported in similar proportions (24) following
administration of recombinant tissue plasminogen activator
after ischemic stroke. Asymptomatic ICH not only occurs
in more than 40% of patients with active IE and septic
cerebral infarction, but has also been studied in the form of
subarachnoid hemorrhage and subdural hemorrhage (23).
Given that ICH can be asymptomatic, it is important to
have brain imaging and an appropriate multidisciplinary
discussion before surgery. In cases of IE accompanied by
neurological complications, despite the extensive research
conducted on the optimal timing for cardiac surgery, a
conclusive answer is still lacking (25).

The limitations of this study include the small size of
the cohort and the retrospective analysis. Postoperative
asymptomatic ICH including hemorrhagic transformation
or ischemic stroke could not be detected in all patients
because brain imaging was performed mostly in patients
with postoperative neurologic changes. We did not
routinely perform brain imaging after cardiac surgery
for research purposes. However, in collaboration with
a multidisciplinary team, we performed brain imaging
examinations after assessing the neurological condition of
patients following the surgical procedure. The possibility
that the prognosis could vary depending on the size or
location of ICH or cerebral infarction was not considered.
Since differences in results based only on the presence
or absence of preoperative ICH were observed, further
research on the degree or location of ICH may be necessary
in the future. Also, regarding this topic, there is a need for
future prospective research or multicenter studies to be
conducted.
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Conclusions

In patients with infectious endocarditis accompanied
by a recent septic cerebral embolism, the presence or
absence of preoperative ICH did not result in statistically
significant differences in the occurrence or exacerbation of
postoperative ICH or early mortality after cardiac surgery.
This suggests that even if there is preoperative hemorrhagic
transformation, there seems to be no need to delay surgery
if the intervention is mandatory, taking substantial risks into
consideration. Nevertheless, the patient should be carefully
evaluated by neurologists or neurovascular specialists before
open heart surgery.
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Supplementary

Table S1 Preoperative clinical characteristics, within 2 weeks from the onset of stroke

Variable Group C (n=46) Group D (n=20) P value
Sex, female 16 (34.8) 4 (20.0) 0.262
Age, years 56.09+15.36) 51.90+18.31 0.341
BMI, kg/m’ 21.77+3.38 22.79+3.78 0.283
BSA, m’ 1.67+0.20 1.78+0.19 0.036
Atrial fibrillation 3(6.5) 3(15.0) 0.357
Coronary artery disease 10 (21.7) 2(10.0) 0.319
Chronic kidney disease 7 (15.2) 3(15.0) 1.000
Dialysis 2 4.3 1(5.0) 1.000
Diabetes 11 (23.9) 2(10.0) 0.314
Hypertension 17 (37.0) 4 (20.0) 0.252
Malignancy 6 (13.0) 1(5.0 0.666
Peripheral arterial occlusive disease 3 (6.5) 0 (0.0 0.548
NYHA class, llI-IV 18 (39.1) 9 (45.0) 0.786
Ejection Fraction, % 60.09+6.51 58.47+7.01 0.366
Staphylococcus aureus 7(15.2) 5 (25.0) 0.488
Aortic valve involvement 19 (41.3) 12 (60.0) 0.188
Mitral valve involvement 28 (60.9) 12 (60.0) 1.000
Previous cardiac surgery 8(17.4) 2(10.0) 0.711
Prosthetic |IE 5(10.9) 2(10.0 1.000
Emergency operation 20 (43.5) 9 (45.0) 1.000
Stroke occurrence to surgery time, days 3.04+8.52 5.55+5.04 0.024
Nosocomial infection 17 (37.0) 6 (30.0) 0.779
Modified Rankin score 1.09+1.59 1.95+£1.73 0.053
NIH stroke scale 2.33+4.61 2.90+4.10 0.633
EuroSCORE II, % 12.32+14.82 10.06+11.77 0.547
Predicted 6-month mortality, % 28.33+14.55 26.97+12.37 0.717

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. BSA,
body surface area; BMI, body mass index; NYHA, New York Heart Association; IE, infective endocarditis; NIH, National Institutes of

Health; EuroSCORE, European System for Cardiac Operative Risk Evaluation.
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Table S2 Operative data, within 2 weeks from the onset of stroke

Variable Group C (n=46) Group D (n=20) P value
Aortic valve replacement 19 (41.3) 12 (60.0) 0.188
Mitral valve repair 2 4.3 1(5.0) 1.000
Mitral valve replacement 26 (56.5) 11 (565.0) 1.000
Double valve replacement 2 (4.3 3(15.0) 0.159
Aortomitral curtain reconstruction 2 (4.3) 2(10.0 0.579
Tissue valve implantation 13 (28.3) 9 (45.0) 0.257
Aortic cross clamp time, minutes 92.13+41.10 95.25+41.55 0.778
Cardiopulmonary bypass time, minutes 121.11+53.52 129.40+70.31 0.602

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation.

Table S3 Postoperative outcomes, within 2 weeks from the onset of stroke

Variable Group C (n=46) Group D (n=20) P value
Total CVA 4(8.7) 4 (20.0) 0.232
Postoperative ICH 4 (8.7) 3(15.0 0.425
Surgery for ICH 2 (4.3) 0(0.0) 1.000
Acute kidney injury 8 (17.4) 1(5.0) 0.257
Postoperative bleeding 4 (8.7) 1(5.0) 1.000
Pneumonia 1(2.2) 0(0.0) 1.000
Permanent pacemaker 2 (4.3) 1(5.0) 1.000
ICU stay, days 3.83+6.37 5.60+8.82 0.360
30 days mortality 4(8.7) 0(0.0) 0.306

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. CVA,
cerebrovascular accident; ICH, intracranial hemorrhage; ICU, intensive care unit.
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Figure S1 Kaplan-Meier survival curve (1-year). The 1-year survival rate year after open heart surgery for infective endocarditis was

86.0%=5.3% in group C and 100.0% in group D (P=0.094).

© Journal of Thoracic Disease. All rights reserved.

https://dx.doi.org/10.21037/jtd-23-695



Table S4 Preoperative clinical characteristics, within 1 week from the onset of stroke

Variable Group E (n=39) Group F (n=12) P value
Sex, female 12 (30.8) 2(16.7) 0.471
Age, years 53.49+14.28 49.83+21.23 0.495
BMI, kg/m’ 21.88+3.19 21.20+2.51 0.500
BSA, m’ 1.68+0.19 1.77+0.14 0.160
Atrial fibrillation 2(5.1) 2 (16.7) 0.232
Coronary artery disease 8 (20.5) 0 (0.0) 0.173
Chronic kidney disease 3(7.7) 2 (16.7) 0.580
Dialysis 0(0.0) 1(8.3) 0.235
Diabetes 7(17.9) 1(8.3) 0.662
Hypertension 11 (28.2) 2 (16.7) 0.706
Malignancy 4(10.3) 1(8.3) 1.000
Peripheral arterial occlusive disease 2 (5.1) 0 (0.0) 1.000
NYHA class, llI-IV 13 (33.3) 6 (50.0) 0.325
Ejection fraction, % 60.26+6.48 58.23+8.16 0.378
Staphylococcus aureus 4(10.3) 4 (33.3) 0.076
Aortic valve involvement 17 (43.6) 7 (58.3) 0.511
Mitral valve involvement 24 (61.5) 8 (66.7) 1.000
Previous cardiac surgery 7(17.9) 1(8.3) 0.662
Prosthetic |IE 5(12.8) 1(8.3) 1.000
Emergency operation 18 (46.2) 8 (66.7) 0.324
Stroke occurrence to surgery time, days 1.77+1.69 1.83+1.80 0.910
Nosocomial infection 13 (33.3) 3(25.0) 0.730
Modified Rankin score 0.95+1.43 2.00+2.00 0.049
NIH stroke scale 1.69+3.16 3.00+5.13 0.289
EuroSCORE II, % 10.61+13.27 8.24+5.59 0.552
Predicted 6-month mortality, % 25.63+11.76 27.52+14.43 0.648

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. BSA,
body surface area; BMI, body mass index; NYHA, New York Heart Association; IE, infective endocarditis; NIH, National Institutes of

Health; EuroSCORE, European System for Cardiac Operative Risk Evaluation.
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Table S5 Operative data, within 1 weeks from the onset of stroke

Variable Group E (n=39) Group F (n=12) P value
Aortic valve replacement 17 (43.6) 7 (58.3) 0.511
Mitral valve repair 1(2.6) 1(8.3) 0.419
Mitral valve replacement 23 (59.0) 7 (58.3) 1.000
Double valve replacement 2(5.1) 2(16.7) 0.232
Aortomitral curtain reconstruction 2 (5.1) 0(0.0) 1.000
Tissue valve implantation 10 (25.6) 7 (58.3) 0.076
Aortic cross clamp time, minutes 93.69+41.54 88.33+37.79 0.692
Cardiopulmonary bypass time, minutes 118.59+48.84 112.75+49.35 0.719

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation.

Table S6 Postoperative outcomes, within 1 weeks from the onset of stroke

Variable Group E (n=39) Group F (n=12) P value
Total CVA 4(10.3) 3(25.0) 0.334
Postoperative ICH 4(10.3) 2 (16.7) 0.616
Surgery for ICH 2(5.1) 0 (0.0 1.000
Acute kidney injury 4(10.3) 1(8.3) 1.000
Postoperative bleeding 1(2.6) 1(8.3) 0.419
Pneumonia 1(2.6) 0(0.0) 1.000
Permanent pacemaker 2 (5.1) 1(8.3) 0.561
ICU stay, days 3.26+6.52 7.33+10.89 0.116
30 days mortality 2 (5.1) 0(0.0) 1.000

Categorical variables are shown as numbers with percentages, and continuous variables are shown as mean + standard deviation. CVA,

cerebrovascular accident; ICH, intracranial hemorrhage; ICU, intensive care unit.
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Figure S2 Kaplan-Meier survival curve (1-year). The 1-year

91.7%+4.6% in group E and 100.0% in group F (P=0.327).
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