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BACKGROUND: Intracranial hemorrhage (ICH) is one of the main causes for lack of surgery in patients with infective endocarditis
(IE), despite the presence of surgical indications. We aimed to evaluate the impact of early surgery in patients with IE and with
ICH on postoperative neurological deterioration and all-cause mortality and to elucidate the risk of 30-day mortality in patients
who were denied surgery.

METHODS AND RESULTS: Three libraries (MEDLINE, EMBASE, and Cochrane Library) were assessed. The primary outcome
was all-cause mortality, and the secondary outcome was neurological deterioration. Inverse variance method and random
model were performed. We identified 16 studies including 355 patients. Nine studies examined the impact of surgical timing
(early versus late) and were included in the meta-analysis. Only one study examined the fate of patients with IE and with ICH
who were treated conservatively despite having an indication for cardiac surgery, showing higher mortality rates than those
who underwent surgery (11.8% versus 2.5%). We found no significant association between early surgery, regardless of its
definition, and a higher mortality (odds ratio [OR], 1.69; 95% CI, 0.95-3.02). Early surgery was associated with higher risk for
neurological deterioration (OR, 2.00; 95% ClI, 1.10-3.65).

CONCLUSIONS: Cardiac surgery for IE within 30 days of ICH was not associated with higher mortality, but with an increased rate
of neurological deterioration. The 30-day mortality in patients with IE and with ICH who were denied surgery has not yet been
sufficiently investigated. This patient group should be analyzed in future studies in more detail.
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that is associated with high morbidity and mortal-

ity."? Cardiac surgery is indicated in >50% of cases.®
However, surgery is not performed in a significant num-
ber of patients, ranging from 26% to 40% of patients with
IE, despite evident surgical indication.*® The 30-day
mortality among those patients who were denied sur-
gical treatment is as high as 63%.3467 Intracranial
hemorrhage (ICH) represents the reason for denial of

I nfective endocarditis (IE) is a life-threatening disease

surgery in 15% of patients with IE.2 Although cardiac
surgery can be life saving in IE, it also carries significant
risks in the presence of ICH, which is mainly related
to inevitable use of high-dose systemic anticoagulation
during cardiopulmonary bypass, bearing the risks of
further bleeding and neurologic deterioration. On the
other hand, early surgery has been shown to prevent
recurrent embolic events and decrease mortality in pa-
tients with IE.®
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CLINICAL PERSPECTIVE

What Is New?

e Cardiac surgery within 30 days in infective en-
docarditis with intracranial hemorrhage was not
associated with higher mortality, but with an in-
creased rate of neurological deterioration.

e Patients with infective endocarditis who were
treated conservatively, despite having an indica-
tion for cardiac surgery, showed a higher 30-day
mortality than those who underwent surgery.

What Are the Clinical Implications?

e Future studies investigating the risk of cardiac
surgery in infective endocarditis in the presence
of intracranial hemorrhage should, to avoid any
immortal-time bias, include patients who were
denied surgery.

Nonstandard Abbreviations and Acronyms

ICH intracranial hemorrhage
IE infective endocarditis

To date, there are no randomized controlled trials to
guide the management of patients with IE complicated
with ICH. The current guidelines from the American
Heart Association/American College of Cardiology and
the European Society of Cardiology recommend de-
laying the cardiac surgery for at least 30 days in the
presence of ICH in patients with IE to avoid neurological
deterioration."? However, these recommendations are
based on observational studies with limited numbers
of patients.® In addition, the results of the studies com-
paring early versus late surgery in patients with IE and
with ICH are exposed to immortal-time bias.'® Only pa-
tients surviving the 30-day interval after ICH onset were
included in the group of late surgery. As mentioned
above, around 63% of patients with IE with surgical in-
dications die if surgery is not performed within 30 days.
We herein aim to evaluate the impact of surgery within
30 days of ICH in patients with IE, bearing in mind the
high mortality risk while waiting for the surgery.

METHODS

This analysis was prospectively registered on the
International Prospective Register of Systematic
Reviews in Health and Social Care (identification num-
ber CRD42021238479). Institutional review board ap-
proval was not required for this analysis as no human
or animal subjects were involved.
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The authors declare that all supporting data, includ-
ing online supplementary files, are available within the
article.

Search Strategy

A comprehensive literature search was performed to
identify contemporary studies evaluating the associa-
tion of surgical timing and postoperative outcome in
patients with IE and with preoperative ICH. Searches
included all studies between January 1995 and March
2021 in the following 3 databases: Ovid MEDLINE,
Ovid EMBASE, and The Cochrane Library (Wiley).
The computerized search included varying “AND” and
“OR” combinations of the following keywords: infective
endocarditis, intracranial hemorrhage, hemorrhagic
infarction, stroke, subarachnoid hemorrhage, surgical
timing, early surgery, cerebrovascular events, neuro-
logical deterioration, mycotic aneurysm, and hemor-
rhagic conversion.

Study Selection and Eligibility Criteria

The study selection was guided by Preferred Reporting
ltems for Systematic Reviews and Meta-Analysis strat-
egy."" After deduplication, records were screened by 2
independent reviewers (R.M. and A.G.). Any discrep-
ancies and disagreements were resolved by a third
author (M.D.). Figure 1 shows the flowchart adapted
from the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis group statement.!

Data Abstraction and Quality Assessment
The data extraction and the quality assessment
were performed independently by 2 different inves-
tigators (R.M. and A.G.) and verified by a third inves-
tigator (M.D.) for accuracy. The following variables
were extracted: age, sex, valve involvement, vegeta-
tion size, EuroScore Il, and surgery indication. All
possible time cutoffs for the definitions of early sur-
gery, within 7, 14, 21, and 28 days, were included.
Risk of bias was assessed based on Newcastle-
Ottawa assessment scale'? (Table S1). Publication
bias was assessed for the outcome of early surgery
(Figure S1).

Outcomes and Effect Summary

The primary outcome was defined as all-cause mor-
tality within 30 days of surgery. The secondary out-
come was defined as postoperative neurological
deterioration (worsened or new clinical neurological
deficit or death attributable to a neurological event).
Patients with a worsening of their imaging findings but
without new clinical symptoms were not considered
as having neurological deterioration. Specific sub-
group analyses were performed with studies pooled
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Figure 1. Study selection diagram adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analysis

group statement."

according to the definition of early surgery (<7, 14, 21,
or 28 days of the ICH).

Statistical Analysis

Results were presented graphically using forest plots.
Our statistical analysis covered the investigation of bias
and heterogeneity in the meta-analysis. The Egger
regression test was used to detect publication bias
using the results for early surgery.”® For dichotomous
outcomes, odds ratios (ORs) were calculated for every
single study by means of 2x2 contingency tables.
The average of the ORs summarizing cumulative ef-
fects at different time points was presented. Because
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of correlated data, a generalized linear mixed model
was used. First, we used the “hypergeometric-normal
model” for the meta-analysis of ORs, which showed
favorable results in simulation studies.'*'® This is essen-
tially a mixed-effects conditional logistic model (based
on the noncentral hypergeometric distribution) with
the covariate early versus late surgery, where the ran-
dom study-specific effects follow a normal distribution.
This model, which takes the correlated data structure
into account by conditioning on the study events, was
applied to the all-cause mortality data. Because of
numerical difficulties, we applied an approximate bi-
nomial model (ie, intercept-only logistic mixed-effects



Musleh et al

regression model), where the noncentral hypergeomet-
ric distribution is approximated by a binomial distribu-
tion. Because there is no single best model available,
we performed sensitivity analyses. For one, we applied
a mixed-effects logistic regression model with bivari-
ate normally distributed random intercept and random
treatment effect (random slope and intercept model)
with the covariate early versus late surgery. All these
models were stratified by time point. Furthermore, we
used a generalized linear mixed model with fixed effects
for early versus late surgery and time point as categori-
cal covariates together with a random intercept for each
study (random intercept model).'®

Heterogeneity was assessed using a likelihood ratio
test comparing the respective models, the heteroge-
neity variance tau2, and the 12 measure.!” To deal with
zero counts in individual studies displayed in the forest
plots, 0.5 was added to all cell frequencies. No continu-
ity correction was performed in the respective general-
ized linear mixed models because we are dealing with
exact within-study likelihoods. Differences between
subgroups were evaluated using a corresponding
likelihood ratio or x? test.'® The freely available statis-
tical software environment R was used to perform the
statistical calculations using the packages “meta,”"®
“metafor” (hypergeometric-normal model, approxi-
mate binomial model, and random slope and intercept
model),?° and Ime4 (random intercept model).?!

RESULTS

Study Selection

The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis flow diagram outlining the study selec-
tion process is available in Figure 1. A total of 7041 records
were identified through database searching. After dupli-
cate records were removed, a total of 6059 citations were
retrieved and their titles and abstracts were screened. A
total of 16 studies,”®22-35 with a total of 355 cases, met the
eligibility criteria and were included in the qualitative syn-
thesis. Among them, 7 studies did not give a clear defini-
tion of early surgery.?+26:30-33.35 Therefore, the remaining 9
studies, with a total of 236 patients, were further included
in the quantitative synthesis (meta-analysis). Tables 1 and
2 demonstrate postoperative outcomes in all the studies
included in the qualitative analysis only (n=7) and in the
quantitative analysis (n=9), respectively.

Qualitative Assessment and Study
Characteristics

Of the 16 studies included in the qualitative analysis, 13
studies”?3-26.29-36 found no association between neu-
rological deterioration and early surgery, regardless

"References 7,8,22,23,25,28,29,34,36.
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of its definition (<7, 14, 21, or 28 days). One study re-
ported a higher mortality and neurological deteriora-
tion in patients who were operated on within 2 weeks
(n=4).8 Two studies found a higher risk of postoperative
neurological exacerbation®® or mortality?® when pa-
tients were operated on before 7 days; however, the
differences were not statistically significant.

The 9 studies included in the meta-analysis were all
observational and retrospective. Three of them were mul-
ticentric. Four studies were conducted in Japan,?325.28:34
and one each in Germany,?? France,” Australia,?® Spain,?
and the United States.®' Table S2 demonstrates demo-
graphic characteristics of patients included in these stud-
ies. The mean age of patients ranged between 37 and
71 years, 57% to 88% were men, and 30% to 83% had
large vegetations. Indication of surgery was reported only
in a few studies: heart failure (22%-56%), uncontrolled
infection (12%—-21%), or high emboalic risk (24%—59%).

Mortality Among Patients Who Were Denied
Surgery Because of ICH

Among the 9 studies included in the meta-analysis,
only 1 study reported mortality in patients with |E and
with ICH who were treated conservatively, despite
having a surgical indication. Salaun et al’ reported
that among the 60 patients with IE and with an ICH
who had an indication for surgery, 22 (37%) did not
receive the surgery. In patients with ICH who had a
surgical indication, 1-month mortality rate was higher
in non—operated on compared with operated on pa-
tients (11.8% versus 2.5%, respectively). None of the
operated on patients experienced a neurological dete-
rioration, especially the 17 patients who were operated
on within the first month after the ICH onset.

Figure S2 illustrates a Kaplan-Meier curve ex-
tracted from available studies in literature to compare
the cumulative survival of patients with IE with an indi-
cation of surgery who were treated surgically versus
conservatively.

Quantitative Assessment (Meta-Analysis)
Primary Outcome

Figure 2 shows that early surgery, regardless of its
definition, was not significantly associated with higher
all-cause 30-day mortality (OR, 1.69; 95% CI, 0.95-
3.02). Our sensitivity analysis led to an OR of 1.70 (95%
Cl, 1.00-2.90) for random slope and intercept model
model and to an OR of 1.68 (95% CI, 0.95-2.98) for
random intercept model model (Figure S3).

Secondary Outcome

Figure 3 shows that early surgery was associated with
higher incidence of neurological deterioration (OR,
2.00; 95% ClI, 1.10-3.65), which was most evident
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Table 1. Literature Review Presenting the Postoperative Outcomes in the 7 Studies Included in the Qualitative Analysis
Only
Patients with IE and
Literature (y) with Pre-ICH, n Interval ICH-surgery Outcomes/conclusions
Zhang (2020)%® 35 <14 .d (n=10) Rates of neurological complications were similar for early and late
>14 d (n=25) surgery groups (10.9% vs 11%).
Early valve surgery for patients with IE complicated by stroke was not
associated with perioperative neurological complications.
Lee (2018)*° 9 >4 wk, except in case of a All patients had no postoperative strokes and survived to discharge.
causative mycotic aneurysm The only significant prognostic predictor was postoperative ICH
(urgent/emergent surgery (P=0.04) and not Pre-ICH (P=0.78).
might be performed after Surgical timing was not related to postoperative outcomes.
neurosurgery) Routine preoperative brain imaging to detect silent ICH or mycotic
aneurysm is recommended.
Wan (2014)% 10 Median of 10+10.1 d Early surgery was not associated with postoperative neurological

complications.

Nine patients showed no postoperative neurological complications.
Only 1 patient presented postoperative SAH expansion, which
resorbed spontaneously later.

Wilbring (2014)% 6 Median of 17+24 d

The outcomes were not related to the surgical timing.

Two patients improved, 2 patients remained stable, and 2 patients
had postoperative neurological deterioration, without leading to
death.

Shang (2009)* 16 Median of 12 d Early surgery was associated with low rates of mortality.
No postoperative neurological deterioration or hemorrhage
expansion.
Ruttmann 6 Median of 4 d Neurological deterioration is not related to the surgical timing (<4 or
(2006)* >4 d).
A total of 4 of 6 patients died. Causes of death: cardiac (n=1), septic
shock (n=2), and neurological (n=1).
Gillinov (1996)* 7 Median of 22+2.8 d Six patients showed no deterioration or even improvement of the

postoperative neurological state. Only 1 patient with a ruptured
mycotic aneurysm underwent clipping and died.

ICH indicates intracranial hemorrhage; IE, infectious endocarditis; Pre-ICH, preoperative ICH; and SAH, subarachnoid hemorrhage.

when surgery was performed within 7 days of the
onset of ICH (OR, 4.18; 95% ClI, 1.24-14.05). However,
there was no statistical significance between sub-
groups (x?=2.72; df=3; P=0.44). Our sensitivity analysis
led to an OR of 1.89 (95% ClI, 1.09-3.25) with random
slope and intercept model model and to an OR of
2.28 (95% Cl, 1.17-4.39) with random intercept model
model (Figure S4).

Publication Bias

A funnel plot was created to assess possible publica-
tion biases (Figure S1A). The Egger linear regression
test was then used to assess the symmetry of the plot
(Figure S1B). The data suggested that the funnel plot
was symmetrical (bias=0.56; P=0.94).

Results of generalized linear mixed model with co-
variates early versus late surgery and time point were
demonstrated in Table SG.

DISCUSSION

In our study, we found in patients with IE with concomi-
tant ICH no statistically significant association between

J Am Heart Assoc. 2022;11:e024401. DOI: 10.1161/JAHA.121.024401

early surgery (within 30 days) and a higher mortality.
However, early surgery was associated with increased
risk of neurological deterioration. This was particularly
evident when surgery was performed within 7 days
after the onset of ICH. The results of the primary and
secondary outcomes were consistent regardless of
the statistical model chosen. Available data on patients
with |[E with a surgical indication, who were treated
conservatively because of the presence of ICH, are
scarce but show a higher mortality rate compared with
those who were operated on. Our analysis highlights
the importance of future clinical studies in this specific
patient population to provide better guidance about
the surgical decision and timing in patients with IE and
with ICH.

Cardiac surgery represents the only treatment option
in a significant proportion of patients with |E. Figure S2
summarizes available studies in literature comparing the
cumulative survival of patients with |E with an indication
of surgery who were treated surgically versus conser-
vatively.3487 |t highlights the high mortality, especially
within 30 days, among patients with surgical indications
who are denied surgery for different reasons, including
preoperative ICH. In the largest prospective multicenter
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Table 2. Literature Review Presenting the Postoperative Outcomes in the Context of the Surgical Timing in the 9 Studies

Included in the Final Quantitative Analysis

Patients with IE and
Literature (year) with Pre-ICH, n Interval ICH-surgery Outcomes/conclusions
Diab (2020)* 34 <7.d(n=21) Risk of postoperative neurological exacerbation in patients
with |E and with ICH might be overestimated.
8-14 d (n=5) ) h ) . . .
Postoperative neurological deterioration was higher in
16-28 d (n=3) patients with |E and with Pre-ICH operated on within 7 d;
528 d (n=2) however, the difference was not significant (P=0.24).
Pre-ICH was not an independent predictor for
Unknown (n=2) postoperative neurological deterioration or hospital
mortality in patients with IE (P=0.84).
Salaun (2018)’ 38 <28 d (n=17) No neurological deterioration regardless of the surgical
timing.
Overall median of 34 d (n=38) Higher mortality in conservatively treated patients with
Pre-ICH (P=0.005).
Kume (2018)% 25 <14 d (n=17) There was no difference in the postoperative bleeding rate
~14.d (n=8) and mortality between patients who had surgery within or
- after 14d from the onset of ICH (log-rank P=0.904).
Intracranial mycotic aneurysm is associated with ICH after
valve surgery (P=0.002).
Okita (2016)%® 54 <7 d (n=13) Although statistically insignificant, early surgery (within 7 d)
B _ had higher incidence of hospital deaths in patients with
821 (n=17) ICH (P=0.22).
>21 d (n=24)
Raman (2016)*° 6 <10d No neurological deterioration regardless of the surgical
<7 d (n=5) timing.
Yoshioka (2014)% 30 8-14 d (n=6) No neurological deterioration or hemorrhage expansion,
15-28 d (n=9) regardless of surgery timing (even when operated on
within 2 wk). Only 2 patients with new postoperative
>28 d (n=10) ectopic asymptomatic hemorrhage. Four patients died
because of organ and heart failure.
Garcia-Cabrera 12 <14 d (n=4) Higher mortality and neurological deterioration associated
s . s
(2013) 14-21 d (n=3) with early surgery within 2 vyk. o . o
Outcome according to surgical timing: 4 patients within
21d (n=9) the first 2 wk (75% mortality, 50% new ICH), 3 patients
operated on within the third week (66% mortality, 33%
new ICH), and 5 cases operated on after 3 wk (40%
mortality, 20% new ICH).
Yeates (2010)% 3 Median of 5.8 wk (3—-60 d) with 1 No neurological deterioration regardless of the surgical
of 3 patients operated <1 wk timing.
Eishi (1995)%% 34 <1d(n=1) Neurological deterioration is not clearly related to the
2-28d (n=12) surgical timing.
No neurological deterioration in patients operated on
>28 d (n=21) 2-28 d after ICH, but 19% exacerbation in patients
operated on >4 wk. Six patients died, with 1 neurological
death in the 1 patient operated on within 24 h.

ICH indicates intracranial hemorrhage; IE, infectious endocarditis; and Pre-ICH, preoperative ICH.

register “ICE-PLUS (International Collaboration on
Endocarditis-PLUS),” 863 patients with IE had an indi-
cation for surgery.* One quarter of these patients with
surgical indication were treated medically only. The 30-
day mortality in these patients ranged from 18% in low-
risk patients to 59% in high-risk patients. Similar results
were obtained from a French epidemiological study on
patients with IE.6 The authors reported a 30-day mor-
tality of 58% in patients with surgical indications who
did not receive surgical treatment. Furthermore, a re-
cent study from Spanish Collaboration on Endocarditis
examined the effect of surgical indication on 30-day
mortality in patients who were rejected for surgical treat-
ment (n=538/1650). They reported 30-day mortality of

J Am Heart Assoc. 2022;11:e024401. DOI: 10.1161/JAHA.121.024401

~b54% in patients with surgical indication attributable to
heart failure and of =42% in those with surgical indi-
cation attributable to uncontrolled infection or embolic
risk.3 The high rate of mortality in patients with surgi-
cal indications who did not receive surgical treatment
within 30 days can be justified in the light of the current
guideline recommendations for surgical timing in pa-
tients with IE"2: emergency surgery (within 24 hours) in
the presence of heart failure or urgent surgery (<7 days)
in cases with uncontrolled infection or increased risk
of embolization. However, the same guidelines rec-
ommend delaying surgery for at least 30 days in IE
complicated with ICH. This delay, based on the pre-
viously mentioned studies,®*® may expose patients
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Early Surgery Late Surgery
Study Events Total Events Total Odds Ratio OR 95%-Cl
time=0
Okita et al., 2016%° 2 13 1 41 = 7.27 [0.60; 87.85]
Yoshioka et al., 201438 1 5 3 25 —— 1.83 [0.15; 22.37]
Yeates et al, 201037 0 1 1 2 ) 0.33 [0.01; 16.80]
Eishi et al., 199524 1 2 5 32 = 5.40 [0.29; 101.28]
Raman et al, 201630 1 5 0 1 B 1.00 [0.02; 40.28]
Diab et al 202023 6 21 2 1 —E— 1.80 [0.30; 10.90]
Random effects modeJ 11 47 12 112 T 2.58 [0.84; 7.96]
Heterogeneity: 1>=0%, =0, p =095
time =1
Yoshioka et al., 201438 1 11 3 19 = 0.53 [0.05; 5.86]
Garcia- Cabrera etal, 2013% 3 4 4 8 e 3.00 [0.21; 42.62]
Yeates et al, 201037 0 1 1 2 = 0.33 [0.01; 16.80]
Eishi et al., 199524 1 2 5 32 o 5.40 [0.29; 101.28]
Diab et al 202023 7 26 1 6 —E— 1.84 [0.18; 18.66]
Random effects model 12 44 14 67 144 [0.44; 4.69]
Heterogeneity: /> = 0%, t° = 0, p = 0.80
time=2
Okita et al., 2016%° 3 30 0 24 B 6.24 [0.31; 126.87)
Yeates et al., 201037 0 1 1 2 i 0.33 [0.01; 16.80]
Garcia- Cabrera etal, 20138 5 7 2 5 = 3.75 [0.33; 42.47]
Eishi et al.,, 199524 2 7 4 27 — 2.30 [0.33; 16.22)
Random effects model 10 45 7 58 cEEE- 3.04 [0.85; 10.93]
Heterogeneity: I~ = 0%, t =0, p = 0.99
time=3
Yoshioka et al., 201438 2 20 2 10 —— 0.44 [0.05; 3.74]
Yeates et al, 201037 0 1 1 2 = 0.33 [0.01; 16.80]
Eishi et al., 199524 2 13 4 21 —a— 0.77 [0.12; 4.96]
Diab et al 20202 8 29 0 3 U 2.77 [0.13; 59.48]
Random effects model 12 63 7 36 - 0.81 [0.24; 2.72]
Heterogeneity: 1?=0%, =0, p =0.99
Random effects model 45 199 40 273 = 1.69 [0.95; 3.02]
Heterogeneity: /2 = 0%, > = 0. 0002, p = 1.00 | : : X
Test for subgroup drfferences Xa = 2 83,df =3 (p =0.42) 0.01 01 1 10 100

Favors Early Surgery  Favors Late Surgery

Figure 2. Forest plot of postoperative end point 1 (all-cause mortality within 30 days) in patients with infective endocarditis
and with preoperative intracranial hemorrhage (ICH) who underwent early vs late valve surgery.

Studies were pooled into subgroups based on their definition of early and late surgery (<7 vs >7 days of ICH onset; <14 vs >14 days
of ICH onset; <21 vs >21 days of ICH onset; <28 vs >28 days of ICH onset). Odds ratios (ORs) summarizing cumulative effects for all

different time points were presented.

with surgical indications to at least 40% risk of 30-day
mortality. Although these studies did not focus on ICH
particularly, Chu et al reported that among patients
who were denied surgery with available reasons, 13.2%
were not operated on because of the presence of ICH.*
In fact, the presence of ICH in patients with |E reflects
the disease severity,3” emphasizing potential benefits of

J Am Heart Assoc. 2022;11:e024401. DOI: 10.1161/JAHA.121.024401

early surgical treatment. Focusing on patients with |E
with ICH, we found only one study comparing the fate
of patients who were denied surgical treatment with
those who were operated on. In this cohort study of
38 patients with IE with ICH and surgical indications,
30-day mortality was 4-fold higher in non—operated on
than in operated on patients.”
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Early Surgery Late Surgery
Study Events Total Events Total Odds Ratio OR 95%-ClI
time =7 days
Okita et al., 2016 2° 3 13 5 41 —8B— 216 [0.44; 10.63]
Yoshioka et al., 201438 0 5 0 25
Yeates et al., 201037 0 1 0 2
Eishi et al., 199524 1 2 4 32 = 7.00 [0.36; 135.52]
Raman et al,, 20163° 0 5 0 1
Diab et al 20202 6 21 0 11 = 965 [0.49; 189.11]
Random effects model 10 47 9 112 == 418 [1.24; 14.05]
Heterogeneity: 1?=0%, t* =0, p=0.79
time = 14 days
Kume et al., 201826 0o 17 1 8 = 0.14 [0.01; 3.92]
Yoshioka et al, 2014 o8 o 11 0 19
Garaa-Cabrera etal, 20138 2 4 2 8 — T 3.00 [0.24; 37.67]
Yeates etal, 201037 0 1 0o 2
Eishi et al., 199524 1 2 4 32 = 7.00 [0.36; 135.52]
Diab et al 2020 B 6 26 0 6 = 412 [0.20; 83.52]
Random effects model 9 61 7 75 = 298 [0.61; 14.62]
Heterogeneity: 1?=0%, ©° =0, p=0.98
time = 21 days
Okita et al., 20162° 6 30 2 24 -8 275 [0.50; 15.08]
Yeates et al., 201037 0 1 0 2
Garcia- Cabrera et al., 20138 3 7 1 5 — T 3.00 [0.21; 4262]
Eishi etal,, 199524 1 7 4 27 —_— 0.96 [0.09; 10.23]
Random effects model 10 45 7 58 —-—== 2.07 [0.66; 6.51]
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Salaun et al., 20187 0 17 0 21
Yoshioka et al., 201438 0 20 0 10
Yeates et al, 2010%7 0 1 0 2
Eishi et al,, 199524 1 13 4 21 = 0.35 [0.04; 3.58]
Diab et al 20202 6 29 0 3 =5 194 [0.09; 42.46]
Random effects model 7 80 4 57 —_— 0.78 [0.15; 4.05]
Heterogeneity: /" = 0%, t™ =0, p =1.00
Random eﬁects model 36 233 27 302 < 200 [1.10; 3.65]
Heterogeneity: /2 = 0%, 12 = 0, p,= 0.9 ! ' ' :
Test for subgroup dlfferences x3 =272,df =3 (p =0.44) 0.01 0.1 1 10 100

Favors Early Surgery  Favors Late Surgery

Figure 3. Forest plot of combined postoperative end point 2 (neurological deterioration) in patients with infective
endocarditis and with preoperative intracranial hemorrhage (ICH) who underwent early vs late valve surgery.

Studies were pooled into subgroups based on their definition of early and late surgery (<7 vs >7 days of ICH onset; <14 vs >14 days
of ICH onset; <21 vs >21 days of ICH onset; <28 vs >28 days of ICH onset). Odds ratios (ORs) summarizing cumulative effects for all
different time points were presented.

Furthermore, the recommendations of the current study, only 60 patients had a preoperative ICH and
guidelines? to delay surgery for at least 30 days in only 12 of them underwent surgery. Early mortality was
IE complicated with ICH are based on retrospective reported in 3 of 4 patients, 2 of 3 patients, and 2 of 5
studies, including limited numbers of patients.?33334  patients when surgery was performed within the first
The largest of these studies is a multicenter study in- 2 weeks, in the third week, or after 3 weeks, respec-
vestigating the impact of neurological complications  tively. Because of the limited evidence from this study
on outcome in 1345 patients with IE.8 However, in this and 2 new studies reporting a relatively low risk of
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neurological deterioration in patients with IE undergo-
ing surgery within 2 weeks after ICH,3"33 the European
Society of Cardiology Task Force (2015) has decided to
adapt the level of evidence to a class lla recommenda-
tion for delayed surgery.? They further recommended,
in case of urgent surgical indication, the mandatory
implementation of a multidisciplinary approach within
the endocarditis team. This recommendation is con-
sidered of high importance as the presence of ICH in
IE reflects the disease severity,3” and therefore neces-
sitates a multidisciplinary approach.

It is worth noting that the term “intracranial hemor-
rhage” includes a wide spectrum of disease, ranging
from asymptomatic microbleeds, hemorrhagic trans-
formation of ischemic infarcts, subarachnoid hemor-
rhage (mostly attributable to mycotic aneurysm), and
subdural hemorrhage. Notably, Salaun et al” demon-
strated a relation between prognosis and mechanism
of hemorrhage with ICH (mycotic aneurysm, hemor-
rhagic transformation, or undetermined cause). They
found that patients with ICH of undetermined cause
had significantly higher postoperative mortality rates
overall. However, most existing studies do not offer a
clear definition of the characterization or intensity of
the included ICH. This heterogeneity in presentation
carries the risk of selection bias as well. Therefore, de-
cisions on surgical timing in this group of patients are
based on observational data, which are influenced by
differences in presentation. This potentially confounds
associations between surgical timing and clinical out-
comes. In addition, another common limitation in most
observational studies comparing early versus late sur-
gery is the immortal-time bias,'® as previously men-
tioned. This leads to a speculative interpretation of a
causal relationship between surgical timing and clinical
outcomes.

The only available meta-analysis comparing the
impact of surgical timing in IE complicated by neuro-
logical events, including ICH, was published by Tam
et al (2018).%8 The study found no overall difference in
postoperative neurologic deterioration or perioperative
mortality when early surgery, regardless of its defini-
tion, was performed (P=0.27 and P=0.47, respec-
tively). However, when they compared the subgroups
of <28 and <21 days, they found a trend favoring de-
laying surgery up until 21 days, but not 28 days, based
on small number of studies. Therefore, the authors
recommended delaying the surgery for 21 days, if
the clinical status allows. However, the authors of this
meta-analysis also reported that early surgery was
performed for clinical deterioration, which may have
caused a selection bias and negatively influenced the
outcomes in favor of late surgery.

In our systematic review, we demonstrated a grow-
ing body of literature challenging the current para-
digm that surgery within 30 days of the onset of ICH
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is associated with high mortality rates and neurologic
exacerbation. Of the 16 studies included in the qualita-
tive analysis, 13 studies”?3-26:29-36 found no association
between neurological deterioration and early surgery,
regardless of its definition (<7, 14, 21, or 28 days).
Shang et al found even that early and aggressive sur-
gery was associated with low rates of mortality. This
study reported that unless the patient was comatose,
the operation was not delayed because of neurologic
symptoms or abnormalities on brain imaging, like ce-
rebral infarction or subarachnoid blood, with the ex-
ception of larger hematomas (>2 c¢cm).3' Okita et al®®
and Diab et al?® reported that only early surgery (within
7 days) might be associated with an increased rate of
mortality and postoperative neurological deterioration;
however, the difference was not statistically significant
(P=0.1 and P=0.24, respectively). Involvement of inter-
disciplinary endocarditis team, including neurologists,
neurosurgeons, and neuroradiologists, in IE cases with
ICH should be encouraged to reduce “single special-
ist” bias.

Overall, the current guidelines are based on few
numbers of observational studies, which are mostly
subjected to selection and immortal-time bias.
Moreover, most studies neither include a clear char-
acterization of the hemorrhagic lesions nor the surgical
indication of the patients operated on early. This often
leads to a treatment selection bias in which more se-
verely affected patients, who are more likely to have
poorer outcomes, are operated on earlier. This neg-
atively biases the outcome against performing early
surgery. Moreover, the presence of frailty syndrome,
defined as age-associated decline in physiological re-
serve and function of many organs, is an additional risk
factor for suboptimal outcomes in patients undergo-
ing cardiac surgery.324° |dentifying patients with frailty
before cardiac surgery may be relevant in decision
making in patients undergoing surgery for IE. In a re-
cent study, the 5-item FRAIL scale (fatigue, resistance,
ambulation, illness, and loss of weight) was shown to
be an independent predictor of 30-day mortality in pa-
tients undergoing heart valve surgery.*“2 None of the
included studies in the meta-analyses assessed frailty
syndrome.

Limitations

This work has the intrinsic limitations of trial-level meta-
analysis of observational series, including the risk of
methodological heterogeneity of the included studies
and residual confounding. In addition, a treatment al-
location bias/selection bias is likely present in all ob-
servational series comparing patients with different
operative risk (patients who were operated on early
often had urgent/emergent surgical indications and
represent a higher-risk population). There was also a
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concern of survivor bias in the late surgery cohort, and
we do not know how many patients died while awaiting
candidacy for surgery. Similarly, most studies did not
report mortality among the patients who were treated
conservatively without surgery. Another limitation was
the lack of assessment of frailty syndrome in the in-
cluded studies. This could have led to a better interpre-
tation of our results.

CONCLUSIONS

Cardiac surgery for IE within 30 days of ICH was not
significantly associated with higher mortality, but with
an increased rate of neurological deterioration. The
30-day mortality in patients with IE with ICH who were
denied surgery has not yet been sufficiently investigated.
This patient population should be analyzed in more de-
tail in future studies to provide better guidance about the
surgical timing in patients with |IE and with ICH.
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Table S1. Risk of bias assessed based on Newcastle-Ottawa assessment scale (NOS).

Observational study Selection Comparability Outcome
Diab et al., 2020 oy ** —
Saluan et al., 2018 *k * ke
Kume et al., 2018 *kk *ok Kk
Okita et al., 2016 Fkkk *k s
Yoshioka et al., 204 Hkkk ok e
Yeates et al., 2010 Fox * ok

Eishi et al., 1995 Fokk * o
Raman et al., 2016 *x * %
Garcia-Cabrera et al., 2013 *k * o

A study can be awarded a maximum of one star for each numbered item within the Selection (max
4*) and Outcome (max 3*) categories. A maximum of two stars can be given for Comparability.



Table S2. Demographic patient’s characteristics of the nine observational studies included in the final analyses.

Patients (n)

Definition of early/late

Preoperative features

Indication for surgery

ICH surgery Age (mean

Observational Type patients + SD) or Large Heart

study of (n) Sex; n (m/f)  median vegetation (> EuroSCORE Il Failure

study (IQR), Valve involvement 10-15mm) inn Staphylococci- (%); mean+£SD  (NYHA Uncontrolled  high embolic
Early Late Early Late years (%) (%) n (%) or median (IQR) class 3-4) infection risk

Diab et al., 2020 single centre 34 21 11 <7d 8-14; 15-28,>28 m/f:30/4 61 (47-71) M-24%, A-35%, B-41% 21 (66 %) 15 (44 %) 25 (9-42) 19 (56 %) 7 (21%) 8 (24%)
Saluanetal., 2018  single centre 38 17 21 <28 d >28 d - - - - - - - - -
Kume et al., 2018  single centre 25 17 8 <l4d >14d m/f: 20/5  56.8+20.1 A-24%, M-76%, T-12% - - 11.8+11.5 13 (31%) - -
Okita et al., 2016 multicentre 54 13 41 <7d 8-21; >21 m/f: 34/20 545+174 A-37%, M-70% 26 (48%) 38 (32%) - 26 (22%) 14 (12%) 70 (59%)
Yoshioka et al.,
2014 single centre 30 5 25 <7d 8-14; 15-28,>28 m/f: 17/13 62 (51-63) A-20%, M-66%, B-13% 9 (30%) 14 (46%) - - - -
Yeates et al., 2010  single centre 3 1 2 <14d >14d - - A.25%, B-75% - - - - - -
Eishi et al., 1995 multicentre 34 2 32 not clear (<1, <14, <28d) - - - - - - - - -
Raman et al., 2016  single centre 6 5 1 <7d 8-10d m/f: 5/1 - M-66.7%, B-33.3% 5 (83%) - - - - -
Garcia-Cabrera et
al., 2013 multicentre 12 4 8 <l4d 15-21:>21d - ) ) 19 (4%) ) ) - - -

IQR: interquartile range; SD: standard deviation; m: male; f: female; A: aortic; M: mitral; T, tricuspid; B: both/multiple; NYHA: New York Heart Association.



Table S3. Results of generalized linear mixed model with covariates early vs. late

surgery and time point.

Characteristic

All-cause mortality

Neurological deterioration

OR (95% CI)! p-value OR (95% CI)* p-value
Early
Late — —
Early 1.68 (0.95 t0 2.98) 0.074 2.28 (1.18 t0 4.39) 0.014
Time point:
7 days — —
14 days 1.08 (0.54 to 2.13) 0.83 0.94 (0.41 to 2.14) 0.89
21 days 0.97 (0.44 to 2.14) 0.93 0.86 (0.39 t0 1.92) 0.72
28 days 0.90 (0.44 to 1.85) 0.77 0.72 (0.29 t0 1.77) 0.47
Heterogeneity Tau2=0.69 Tau2=2.97

LRS early vs. late

0.26,df=3,p=0.96

0.61,df=3,p=0.89

OR = Odds Ratio; CI = Confidence Interval; Tau2: Heterogeneity variance; LRS = Likelihood Ratio Test



Figure S1. Publication bias tests: (A) Funnel plot; (B) Egger's linear regression

test.
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Figure S2. Kaplan-Meier Curve extracted from available studies in literature comparing
the cumulative survival of IE-patients with an indication of surgery who were treated

surgically vs. conservatively.
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Figure S3. Forest plot of postoperative endpoint 1 (all-cause mortality within 30 days) in IE-
patients with preoperative ICH who underwent early vs. late valve surgery with random

slope and intercept model (RSM).

Early Surgery Late Surgery

Study Events Total Events Total Odds Ratio OR 95%-Cl
Okita et al., 2016 2 13 1 41 — 727 [0.60; 87.89]
Yoshioka et al., 2014 1 5 3 25 — 1.83 [0.15; 22.37]
Yeates et al , 2010 0 1 1 2 0.33 [0.01; 16.80]
Eishi et al , 1995 1 2 5 32 540 [0.29; 101.28]
Raman et al , 2016 1 5 0 1 ; 1.00 [0.02; 40.28]
Diab et al 2020 65 21 2 M — 1.80 [0.30; 10.90]
qig"_::‘;.-
Yoshioka et al., 2014 1 11 3 19 — 053 [0.05; 5.86]
Garcia-Cabrera et al, 2013 3 4 4 8 — 300 [0.21; 42.62]
Yeates et al, 2010 0 1 1 2 i 0.33 [0.01; 16.80]
Eishi et al , 1995 1 2 5 32 ; 540 [0.29; 101.28]
Diab et al 2020 7 26 1 6 R — 184 [018; 18.66]
Okita et al., 2016 3 30 0 24 : 5.24 [0.31;126.87]
Yeates et al , 2010 0 1 1 2 : 0.33 [0.01; 16.80]
Garcia-Cabrera et al, 2013 ) 7 2 3 — 375 [0.33; 42.47]
Eishi et al , 1995 2 7 4 27 — 230 [0.33; 16.22]
.$
Yoshioka et al., 2014 2 20 2 10 —T 044 [0.05 3.74]
Yeates et al , 2010 0 1 1 2 0.33 [0.01; 16.80]
Eishi et al , 1995 2 13 4 21 —'I—— 077 [012; 496]
Diab et al 2020 8 29 0 3 : 277 [0.13; 59.48]
-{L}—'-

Random effects model 45 199 40 273 == 1.70 [1.00; 2.90]
Heterogeneity” 12 = 6%, t° < 0.0001, p = 0.39 ! ' ' '

Test for subgroup differences: y; =2.83, df = 3 (p = 0.42) 001 01 1 10 100

Favors Early Surgery  Favors Late Surgery



Figure S4. Forest plot of combined postoperative endpoint 2 (neurological deterioration) in
IE-patients with preoperative ICH who underwent early vs. late valve surgery with random

slope and intercept model (RSM).

Early Surgery Late Surgery

Study Events Total Events Total Odds Ratio OR 95%-ClI
Okita et al., 2016 3 13 5 M e — 216 [0.44; 1063]
Yoshicka et al_, 2014 0 5 0 25 i

Yeates et al, 2010 0 1 0 2 :

Eishi et al, 1995 1 4 32 —+—=——— 700 [0.36; 13552
Raman et al., 2016 0 5 0 1

Diab et al 2020 5 21 0o M —————— 9.65 [0.49; 189.11]

===

Kume et al., 2018 0o 17 1 8 i 0.14 [0.01; 3.92]
Yoshioka et al., 2014 o " 0o 19

Garcia-Cabrera et al, 2013 2 4 2 8 —mm 300 [024; 3767]
Yeates et al., 2010 0 1 0 2

Eishi et al, 1995 1 2 4 32 —r+——=——— 700 [036; 13552
Diab et al 2020 6 26 0 6 — =+ 412 [020; 8352

=i

Okita et al., 2016 6 30 2 24 = 275 [0.50; 15.08]
Yeates et al., 2010 0 1 0 2

Garcia-Cabrera et al, 2013 3 7 1 5 — T 300 [021;, 4262]
Eishi et al, 1995 1 7 4 27 —_— 096 [0.09;, 1023]

e

Salaunetal , 2018 o 17 0o 21

Yoshioka et al, 2014 0 20 0 10

Yeates et al., 2010 0 1 0 2 ;

Eishi etal, 1995 1 13 4 2 — 0.35 [0.04; 3.58]
Diab et al 2020 6 29 0 3 B R — 194  [009; 4246]

_— ——
Random effects model 36 233 27 302 : : =< : | 1.89 [1.09; 3.25]

Heterogeneity: 1 = 0%, t° = 0, p=083
Test for subgroup differences: =272, df =3 (p = 0.44) 001 01 1 10 100
Favors Early Surgery  Favors Late Surgery
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