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Background. To determine if preoperative embolic
stroke is associated with an increased risk of post-
operative stroke among patients undergoing early oper-
ation for mitral valve (MV) infective endocarditis (IE), we
compared outcomes among patients presenting with and
without acute stroke.

Methods. From 2003 to 2015, 243 consecutive patients
underwent surgery for active MV IE. Patients were cate-
gorized into 2 groups: 72% (174 of 243 patients) with no
preoperative acute stroke (clinical, radiographic or both)
and 28%1(6970f 243 patients) withistroke. Both preopera-
tive and postoperative strokes were confirmed in all pa-
tients with brain computed tomography or magnetic
resonance imaging and comprehensive examination by a
neurologist.

Results. Among patients presenting with stroke, 33%
(23 of 69 patients) were asymptomatic and had only
positive imaging findings. The median time from

nfective endocarditis (IE) is the indication for operation
Iin 5% of patients having mitral valve (MV) surgery in
the United States [1]. The incidence of IE has remained
high and despite introduction of new generation of anti-
biotics and aggressive surgical intervention, the
in-hospital mortality rate is between 20% and 30% [2-4].

Neurologic complications in patients presenting with
MYV IE are the most common extracardiac complications
of IE [5]. Clinical stroke is diagnosed in 25% to 30% of
patients with MV IE [4]. There is evidence of acute brain
embolism as many as 50% of patients presenting with MV
IE undergoing preoperative computed tomography (CT)
scan [6]. The presence of embolic cerebral injury in pa-
tients with MV IE makes management challenging,
particularly when indications for operation are present.
Current guidelines recommend delaying MV surgery for
at least 4 weeks from the time of stroke (Class Ila, level of
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admission to operation was 5 days. The overall rate of
new postoperative stroke was 4%(10/0f 243 patients): The
rate of postoperative stroke was not different between the
2 groups: 4% (7 of 174 patients) among patients with no
preoperative stroke and 4% (3 of 69 patients) with stroke
(p"=10.9). One patient developed a hemorrhagic conver-
sion of an acute infarct. Operative mortality was 7% (13 of
174 patients) among patients with no preoperative stroke
and 7% (5 of 69 patients) among patients with stroke
(p = 0.9).

Conclusions. MV surgery for IE and acute stroke can
be performed early with a low risk of postoperative
neurologic complications. When indicated, surgical
intervention for MV IE complicated by acute stroke
should not be delayed.

(Ann Thorac Surg 2018;105:69-75)
© 2018 by The Society of Thoracic Surgeons

evidence C) [7]. The rationale behind delaying operation
is that the blood-brain barrier is disrupted in an ischemic
area, and therefore the risk of bleeding with anti-
coagulation or blood pressure variation is increased.
Cerebral vascular autoregulation is dysfunctional and
patients are predisposed to blood extravasation [8].
Furthermore, the ischemic area can expand with hypo-
perfusion during cardiopulmonary bypass [8-10].
Although greatly feared, hemorrhagic conversion of an
ischemic embolic lesion in the setting of IE has been
found to be rare [6, 11, 12], with reported rates between
0% and 2% [4, 6, 13]. Delaying operation to allow reso-
lution of cerebral injury and decrease the risk of wors-
ening neurologic deficit or hemorrhagic conversion may
have adverse consequences including further valve
destruction, lower rates of valve repair, repeat emboli-
zation, worsening of sepsis, and progressive worsening of
heart failure. Our institutional approach to the treatment
of patients with MV IE has been aggressive and early
operative intervention, with delays warranted only for
uncontrolled sepsis, brain injury with a large volume of
intracerebral blood, or neurologic devastation [6]. The
aim of this study was to evaluate the outcomes of early
MV operation for IE among patients with preoperative
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neurologic injury compared with patients with no evi-
dence of preoperative neurologic complications.

Material and Methods

Between January 2003 and March 2015, 314 consecutive
patients underwent operation for MV IE at the University
of Maryland Medical Center. Patients who had treated IE
(n = 71) were excluded, leaving 243 patients for analysis.
If the patient was receiving antibiotics for IE at the time of
surgery the disease was considered active. If no antibiotic
medication was given at the time of operation other than
prophylactic medications, then the infection was consid-
ered treated. The institutional review board of the Uni-
versity of Maryland Medical Center (HP-00040773)
approved this retrospective study and patient consent
was waived. Patient data were gathered through the local
Society of Thoracic Surgeons Database and chart review.

The diagnosis of IE in all patients was determined
based on the established criteria [14]. Preoperative
transesophageal echocardiography was performed in all
patients to determine characteristics of the vegetation, the
degree of mitral regurgitation (MR), the involvement of
other valves or the presence of an abscess. As part of the
workup, patients routinely underwent head, chest, and
abdominal CT scan before operation. We defined stroke
based on the Stroke Council of the American Heart
Association/American Stroke Association as any brain,
spinal cord, or retinal cell death attributed to ischemia,
based on neurological exam, neuroimaging, or evidence
of primary injury [15]. Patients with neurologic signs or
symptoms or any evidence of stroke on imaging were
fully examined by a neurologist. Acute stroke was defined
as radiographic evidence of stroke or clinical neurologic
dysfunction [15]. Patients were categorized into 2 groups
based on the presence or absence of stroke. Indication for
operation included the presence of any of the following:
severe MR, mobile vegetation, or vegetation size greater
than 10 mm [16]. Operation was scheduled electively as
soon as possible after preoperative workup was complete.
Operation was delayed or not pursued if the patient had
coma or uncontrolled sepsis, or if a large volume (>1 to 2
cm?®) of intracerebral blood was present on neuroimaging.
Postoperative outcomes including the rate of permanent
stroke and operative mortality were compared between
the 2 groups. Long-term mortality data were collected
from the Social Security Death Index and supplemented
by direct contact with patient’s physicians and directly
with patients and families.

Statistical Analyses

Analyses were conducted using statistical software (JMP
8.0, SAS Institute, Cary, NC). Values are presented as
mean £+ SD or median with first and third quartiles.
Median values were used when the data had skewed
distributions. We used t tests and chi-square tests to
compare the perioperative outcomes between the 2
groups. Kaplan-Meier survival estimates were calculated
for each group and compared using the log-rank test. For
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all analysis, a p value less than 0.05 in a 2-sided test was
considered statistically significant.

Results

Patient Characteristics

Of 314 patients who underwent MV surgery for IE, 243
(77%) patients had active IE and were included in the
study. Seventy-two percent (174 of 243 patients) had no
clinical or radiographic evidence of stroke whereas 28%
(69 of 243 patients) were diagnosed with preoperative
acute stroke. Among patients diagnosed with stroke, 67%
(46 of 69 patients) had findings on clinical examination
consistentwithistroke; whereas the remaining 23% (23 of
69 patients) had imaging evidence of brain infarction or
hemorrhage with no clinical findings. Overall, preopera-
tive brain imaging was performed in 91% (221 of 243
patients).

The mean age of patients was 50 + 14 years (range, 18
to 83 years) and 65% (157 of 243 patients) were men
(Table 1). Thirty percent (72 of 243 patients) had a history
of intravenous drug abuse. The possible identified
underlying causes of IE among nonintravenous drug
abusers were hemodialysis catheter infection (n = 42),
cellulitis or osteomyelitis (n = 11), infected port catheter
or total parenteral nutrition line (n = 9), gastrointestinal
or urinary tract infection (n = 11), immunosuppression
(n = 7), recent Lyme disease (n = 3), dental abscess or
infection or intervention (n = 6), and history of MV pro-
lapse (n = 15). The possible underlying cause of IE was
not identified in 67 patients.

Concomitant tricuspid valve IE was present in 14% (34
of 243 patients) and aortic valve IE was present in 30% (74
of 243 patients). There were no significant differences in
the rates of preoperative comorbidities between the 2
groups. A history of prior stroke was present in 12% (28 of
243 patients) and 24% (58 of 243 patients) had dialysis-
dependent renal failure. Atrial fibrillation was present
in 15% (38 of 243 patients). Eighteen percent (44 of 243
patients) had prior cardiac operations. Prosthetic MV 1E
was present in 16% (38 of 243 patients).

The most common organism was Staphylococcus aureus in
42% (101 of 243 patients) (Table 2). The causative organism
was not significantly different between the 2 groups.

Preoperative neurologic symptoms among the 46
patients with preoperative clinical stroke included uni-
lateral extremity weakness (n = 19), altered mental status
(n = 14), aphasia (n = 9), headache (n = 1), hemineglect
(n = 1), seizure (n = 1), or visual disturbances (n = 1).
Thirty-three percent (23 of 69 patients) of patients had no
neurologic symptoms. Among patients with preoperative
acute stroke, preoperative head CT or magnetic reso-
nance imaging scan showed positive findings in 98% (67
of 69 patients). The most common findings included acute
embolic stroke in 64%, embolic stroke with hemorrhage
in 20%, hemorrhage in 5%, abscess with infarct in 2%,
abscess with hemorrhage in 2%, mycotic aneurysm with
infarct and hemorrhage in 2%, and mycotic aneurysm
alone in 2% (Table 3). The 2 patients with negative
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Table 1. Patient Characteristics %
Overall No Preoperative Stroke Preoperative Stroke >
Variable (N = 243) (n = 174) (n = 69) p Value 0
Age, years 50 +£ 14 51 + 14 49 £ 15 0.2
Male 157 (65) 115 (66) 42 (60) 0.4
Ejection fraction, % 56 + 12 56 £ 13 55 £ 10 0.5
History of myocardial infarction 30 (12) 22 (13) 8 (11) 0.8
History of atrial fibrillation 38 (15) 28 (16) 10 (14) 0.8
Hemodialysis 58 (24) 43 (24) 15 (22) 0.7
Intravenous drug abuse 75 (31) 49 (28) 26 (38) 0.1
Previous cardiac surgery 44 (18) 37 (21) 7 (10) 0.04
Previous mitral valve operation 38 (16) 31 (18) 7 (10) 0.17
Repair 13 (5) 10 (6) 34 0.3
Replacement 25 (11) 21 (12) 4 (6) 0.5

Values are mean + SD or n (%).

neurological imaging presented with expressive aphasia
and a neurologist confirmed stroke.

Operative Characteristics

The median time from admission to our hospital to opera-
tion was 5 days among patients with no preoperative acute
stroke (interquartile range, 2 to 8 days) and 6 days with
stroke (interquartile range, 3 to 9 days; p = 0.08). Only 8
patients with preoperative acute stroke underwent MV
operation more than 2 weeks after admission. MV repair
was successful in 55% (112 of 207 patients) of patients with no
history of prior MV operation. Among patients with staph-
ylococcal IE, the repair rate was lower compared with other
organisms, although it was not statistically significant (43 %
versus 51%; p = 0.2). Concomitant cardiac surgical
interventions are summarized in Table 4. Of 25 patients with
history of prior MV replacement, 15 patients had bio-
prosthetic valve IE (involvement of tissue leaflets, infection
of the swing ring) and 10 patients had mechanical MV IE
(involvement of the swing ring, dehiscence).

Perioperative Outcomes

Operative mortality for the entire cohort (in-hospital or
within 30 days of discharge) was 7% (18 of 243 patients).

Table 2. Causative Microbial Pathogens

Operative mortality was 7% (13 of 174 patients) among
patients with no preoperative stroke and 7% (5 of 69
patients) among patients with preoperative acute stroke
(p = 0.9). Operative mortality was 4% (6 of 145 patients)
among patients who underwent isolated primary MV
operation (4% [4 of 105 patients] in the no preoperative
stroke group, 5% [2 of 40 patients] in preoperative stroke
group; p = 0.3). Causes of death were multisystem organ
failure (n = 6), inability to wean from cardiopulmonary
bypass and severe pulmonary hemorrhage (n = 2),
ischemic bowel (n = 3), vasodilatory shock and cardiac
arrest (n = 6), and intracranial hemorrhage (n = 1).

Postoperative morbidities were not significantly
different between the 2 groups (Table 5).

Neurologic Outcomes and Survival

Postoperative new permanent stroke was documented in
4% (10 of 243 patients). The rate of postoperative stroke
was identical in the 2 groups: 4% (7 of 174 patients)
among patients with no preoperative acute stroke and 4%
(3 of 69 patients) among patients with preoperative acute
stroke (p = 0.9) (Fig 1). Only 1 (1%) patient among the
entire group of patients with preoperative stroke devel-
oped hemorrhagic conversion at the site of a preoperative

Overall No Preoperative Stroke With Preoperative Stroke

Organism (N = 243) (n = 174) (n = 69) p Value
Staphylococcus 114 (47) 77 (44) 37 (54) 0.24

S. aureus 101 (42) 68 (39) 33 (48)

S. epidermidis 5(2) 3(2) 2 (3)

Coagulase negative 8 (3) 6 (3) 2 (3)
Streptococcus species 57 (23) 41 (24) 16 (23) 0.9
Enterococcus faecalis 19 (8) 16 (9) 3 (4) 0.3
Candida 4 (1) 3(2) 1(1) 0.9
Culture negative 35 (15) 29 (17) 6 (9) 0.1
Others 14 (6) 8 (5) 6(9) 0.7

Values are n (%).
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Table 3. Findings on Brain Computed Tomography or
Magnetic Resonance Imaging Before Mitral Valve Operation

Finding n (%)
Acute embolic infarct 44 (64)
Hemorrhage 3 (5)
Infarct + hemorrhage 14 (20)
Abscess + hemorrhage 2(2)
Abscess + infarct 1)
Infarct + hemorrhage + mycotic aneurysm 2(2)
Mycotic aneurysm 1)
Normal 2@3)

infarction. This patient was a 67-year-old woman who
presented with unilateral lower extremity weakness and
severe MR and a large vegetation. Preoperative head CT
scan showed an acute left cerebellar embolic stroke (4.3
cm X 4.7 cm) with considerable mass effect within the
posterior fossa. Postoperative CT scan reveled a new
hemorrhagic transformation of the previous infarct in the
left cerebellar hemisphere with extension into the fourth
ventricle. In addition a new hemorrhagic focus in the
right occipital lobe was observed. The patient was dis-
charged with no new significant neurological changes
compared with her preoperative exam.

Among the other 2 patients with new postoperative
stroke that had experienced a preoperative stroke, 1 was a
35-year-old woman who presented with altered mental
status and severe MR. Preoperative brain CT scan
showed a large (4.3 cm x 5.3 cm) hypodensity (ischemic
infarct) within the right frontal lobe. MV replacement was
performed. Postoperatively, the patient experienced a
decline in mental status. Repeat CT scan showed a large
(7 cm x 4 cm) acute intraparenchymal hemorrhage on the
left frontal lobe (the opposite side of the original stroke)
with significant mass effect and midline shift. The patient
died as a result of the stroke. The second patient was a
65-year-old man with aphasia and unsteady gait. Preop-
erative CT scan showed acute embolic infarct located in

Table 4. Operative Characteristics

Ann Thorac Surg
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the left cerebellar hemisphere (3.8 cm). Postoperatively,
the patient developed altered mental status, right-sided
neglect, and no fine motor skills on right side, as well as
an expressive aphasia. CT scan findings included a new
left posterior cerebral artery territory infarct and evolving
preoperative infarct site with no evidence of hemorrhagic
conversion. The patient was discharged to rehab after
significant neurological improvement.

Kaplan-Meier survival analysis is shown in Figure 2.
Estimated 5-year survival among patients with no pre-
operative stroke was 80% compared with 65% among
patients with preoperative stroke (log-rank p = 0.01).

Comment

The key findings of this study include (1) neurologic
complication is common among patients presenting with
MYV IE and is frequently asymptomatic, (2) the presence of
acute stroke is not associated with an increased risk of
postoperative stroke in a setting with a programmatic
emphasis on early surgical intervention, (3) hemorrhagic
conversion of cerebral injury is exceptionally uncommon
(1%) among patients with IE and acute stroke who
undergo MV operation early after diagnosis of stroke, and
(4) long-term survival is adversely affected by the pres-
ence of preoperative stroke.

Prevalence of Stroke in Active IE

Cerebrovascular injury is common in patients with MV IE
[15]. Clinical stroke is observed in 20% to 30% of patients
with left-sided IE [17]. In patients with active MV IE, 40%
to 50% of patients have evidence of acute septic emboli on
preoperative brain CT scan [18]. Embolic lesions can be
identified in brain magnetic resonance imaging as many
as 60% to 80% of patients with left-sided IE [19].
Asymptomatic brain lesions (silent stroke) has been re-
ported in up to 30% of patients presenting with left-sided
IE. Misfeld and colleagues [4] studied 1,571 patients with
left-sided IE. 36% had isolated MV IE. Preoperatively,
25% had cerebral embolism confirmed by CT scan.
Although the majority of patients presented with clinical

Overall No Preoperative Stroke With Preoperative Stroke

Variable (N = 243) (n = 174) (n = 69) p Value
CPB time, minutes 138 + 65 141 + 68 131 + 57 0.26
Cross-clamp time, minutes 112 £+ 50 114 4+ 52 107 + 42 0.25
Operations
MV

Replacement 126 (52) 91 (52) 35 (51) 0.8

Repair 117 (48) 83 (48) 34 (49) 0.7
AV 74 (30) 59 (34) 15 (22) 0.06
vV 34 (14) 22 (13) 12 (17) 0.6
CABG 27 (12) 19 (11) 8 (11) 0.9

Values are mean + SD or n (%).

AV = aortic valve; CABG = coronary artery bypass grafting;

CPB = cardiopulmonary bypass;

MV = mitral valve; TV = tricuspid valve.
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Table 5. Perioperative Outcomes :;
o)
Variable Overall (N = 243) With No Stroke (n = 174) With Stroke (n = 69) p Value =
@}
New stroke 10 (4) 7 (4) 3 (4) 0.9
Bleeding requiring reoperation 19 (8) 14 (8) 5(7) 0.47
Prolonged ventilation (>48 hours) 87 (36) 59 (34) 28 (40) 0.07
New dialysis 16 (7) 9 (5) 2 (3) 0.08
Time in ICU, hours 173 + 322 170 + 330 183 + 302 0.7

Values are n (%) or mean + SD.

ICU = intensive care unit.

symptoms of stroke, one-third of patients were asymp-
tomatic with only radiographic evidence of stroke.
Vegetation size greater than 10 mm, positive blood cul-
ture, preoperative antibiotic therapy, and S. aureus
bacteremia were found to be significant risk factors for
cerebral embolism.

We routinely perform preoperative whole-body CT
scan on all patients with MV IE not only to identify
asymptomatic patients with stroke, but also to rule out
secondary sources of infection. The rate of neurological
complications in our study cohort was 28%, which is
consistent with previously published studies. One-third
of patients with radiographic evidence of stroke were
asymptomatic. In our study postoperative neurologic
outcomes among patients with preoperative stroke are
not influenced by the presence or absence of preoperative
neurologic symptoms.

Timing of Operation

Timing of MV operation in patients with active IE
complicated with stroke is challenging. The traditional
recommendation is that MV operation should be delayed
for at least 4 weeks after the diagnosis of embolic stroke to
allow time for restoration of the blood-brain barrier and
healing of ischemic brain tissue [20]. This recommenda-
tion is based on a series of only 34 patients who were
operated on an average of 3 weeks after the onset of
stroke with stroke exacerbation in 2 (6%) patients [21].

MV Surgery for Active IE 2003 - 2015 (N = 243)

There is strong accumulating evidence that early MV
intervention for IE in the setting of acute stroke is safe and
hemorrhagic conversion of an acute infarct is rare [22, 23].
Sorabella and colleagues [12] studied 308 patients who
underwent surgery for active left-sided IE, 18% with
preoperative stroke and 82% without preoperative stroke.
The median time from diagnosis to surgery was 6 days.
Only 38% had preoperative neuroimaging. Asymptomatic
stroke was present in 22%. Operative mortality was 9.3%
among patients with preoperative stroke and 7% among
patients with no stroke (p = 0.57). Postoperative new
stroke was observed in 5% and was not different between
the 2 groups (9.4% with stroke versus 4.7% with no stroke;
p = 0.19). The authors concluded that most patients with
left-sided IE and neuroembolic event can safely undergo
valve surgery in the early period after the diagnosis. One
of the main limitations of their study is that more than
60% of the total cohort did not have preoperative neu-
roimaging and therefore it is possible that some patients
who were categorized into the group with no preopera-
tive stroke had in fact asymptomatic stroke.

Kang and colleagues [13] randomly assigned patients
with left-sided IE, severe valve dysfunction, and large
vegetations to early surgery (within 48 hours; 37 patients)
or conventional treatment (39 patients). Thirty patients
(77%) in the conventional-treatment group ultimately
underwent surgery during the initial hospitalization or
during follow-up. On admission, cerebral emboli were

No clinical or radiographic
evidence of preoperative acute

stroke N = 174 (77%)

Clinical and / or radiographic
evidence of preoperative acute

65%

| Early MV operation

I Postoperative stroke N = 7 (4%) I

stroke N = 69 (28%) g
£ 05+
A
il Log Rank P =0.01
0.3+ Patients at risk
oo Without stroke
| 1 174 148 129 113 90 76
0.1 With stroke
] 69 48 52 42 35 31
0.0 T
- 5
| Postoperative stroke N = 3 (4%) l 1 @ Year i

Fig 1. The rate of postoperative new stroke. (IE = infective endo-

carditis; MV = mitral valve.)

Fig 2. Kaplan-Meier 5-year survival among patients with (dashed
line) or without (solid line) preoperative acute stroke.
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identified in 30% among early surgery group and 28%
among conventional group. In hospital death or embolic
event at 6 weeks was 23% among conventional treatment
group and 3% among early surgery group (p = 0.01). New
postoperative acute stroke occurred in 0% in the early
surgery group and 13% in conventional group (p = 0.005).
The authors concluded that early surgery, as compared
with conventional treatment, significantly reduced the
composite end point of death from any cause or embolic
events by effectively reducing the risk of systemic
embolism among patients with IE.

In the current study, with a programmatic approach to
operating early after the diagnosis of MV IE, the rate of
new postoperative stroke was not different between with
and without preoperative stroke. Given that only 1 (1%)
patient had perioperative hemorrhagic conversion, we
could not identify risk factors for conversion. The patient
had a substantial preoperative infarct volume (4 cm).
Given the low incidence of hemorrhagic conversion and
the benefits of early operation, we do not delay MV
intervention because of subarachnoid blood, cerebral
infarction, or parenchymal hemorrhage that does not
exceed 1.5 to 2 cm? in size.

Hemorrhagic Stroke

In this experience, 29% of neurologic injury associated
with MV IE was intracerebral hemorrhage with or
without ischemic stroke, which is consistent with other
studies [24]. The size of the hemorrhage influenced the
decision to proceed with the operation. We did not
observe an increased risk of stroke among these patients
with early operation. However, other studies have shown
higher rate of mortality and neurologic complications
after heart operations among patients with large intra-
cranial blood volumes [25]. In a retrospective analysis,
Garcia-Cabrera and colleagues [25] studied 1,345 patients
with left-sided IE treated medically or surgically; 25%
experienced 1 or more neurological event during the IE
episode. Ischemic stroke (56%) was the most common
finding (small embolism = 72%; moderate-severe embolic
complications defined as multiple cerebral embolisms or
a single embolism affecting >30% of brain lobe = 28%).
Cerebral hemorrhage was found in 18%. Only 20% of 60
patients with cerebral hemorrhage underwent surgery
and mortality was high among these patients. The per-
centage of new bleeds postoperatively was 50% in surgery
within first 2 weeks, 33% in the third week, and 20% after
21 days of hemorrhagic stroke. In this study, 15 of 54
patients with moderate-severe ischemic brain lesions
underwent surgery, 5 of them within 2 weeks (deaths = 2)
and 10 after 2 weeks (deaths = 2). The authors concluded
to delay surgery for left sided IE for 2 weeks for
moderate-severe embolic stroke and 4 weeks for hemor-
rhagic stroke [25].

Limitations of this experience include the retrospective
nature of the study. Only those patients who had post-
operative neurologic symptoms underwent neuro-
imaging to identify new stroke. Some asymptomatic

Ann Thorac Surg
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stroke patients might have been identified if all patients
underwent cranial imaging after operation.

In conclusion, we found that MV surgery for patients
with IE and acute stroke can be performed early with a
low risk of postoperative neurologic complications. The
likelihood of a postoperative stroke was not increased by
the presence of a preoperative stroke. Hemorrhagic con-
version of an infarct post-MV surgery is extremely rare.
In most cases where indications for surgery are present,
surgical intervention for MV IE complicated by acute
stroke should not be delayed.

References

1. Gammie JS, O’Brien SM, Griffith BP, Peterson ED. Surgical
treatment of mitral valve endocarditis in North America.
Ann Thorac Surg 2005;80:2199-204.

2. Moreillon P, Que YA. Infective endocarditis. Lancet 2004;363:
139-49.

3. David TE, Gavra G, Feindel CM, Regesta T, Armstrong S,
Maganti MD. Surgical treatment of active infective endo-
carditis: a continued challenge. ] Thorac Cardiovasc Surg
2007;133:144-9.

4. Misfeld M, Girrbach F, Etz CD, et al. Surgery for infective
endocarditis complicated by cerebral embolism: a consecu-
tive series of 375 patients. ] Thorac Cardiovasc Surg 2014;147:
1837-46.

5. Hoen B, Duval X. Infective endocarditis. N Engl ] Med
2013;368:1425-33.

6. Shang E, Forrest GN, Chizmar T, et al. Mitral valve infective
endocarditis: benefit of early operation and aggressive use of
repair. Ann Thorac Surg 2009;87:1728-34.

7. Byrne JG, Rezai K, Sanchez JA, et al. Surgical management of
endocarditis: the society of thoracic surgeons clinical practice
guideline. Ann Thorac Surg 2011;91:2012-9.

8. Khatri R, McKinney AM, Swenson B, Janardhan V. Blood-
brain barrier, reperfusion injury, and hemorrhagic trans-
formation in acute ischemic stroke. Neurology 2012;79:552-7.

9. Morris NA, Matiello M, Lyons JL, Samuels MA. Neurologic
complications in infective endocarditis identification, man-
agement, and impact on cardiac surgery. Neurohospitalist
2014;4:213-22.

10. Berger C, Fiorelli M, Steiner T, et al. Hemorrhagic trans-
formation of ischemic brain tissue asymptomatic or symp-
tomatic? Stroke 2001;32:1330-5.

11. Okazaki S, Yoshioka D, Sakaguchi M, et al. Acute ischemic
brain lesions in infective endocarditis: incidence, related
factors, and postoperative outcome. Cerebrovasc Dis 2013;35:
155-62.

12. Sorabella RA, Han SM, Grbic M, et al. Early operation for
endocarditis complicated by preoperative cerebral emboli is
not associated with worsened outcomes. Ann Thorac Surg
2015;100:501-8.

13. Kang DH, Kim Y], Kim SH, et al. Early surgery versus con-
ventional treatment for infective endocarditis. N Engl ] Med
2012;366:2466-73.

14. Li]JS, Sexton DJ, Mick N, et al. Proposed modifications to the
Duke criteria for the diagnosis of infective endocarditis. Clin
Infect Dis 2000;30:633-8.

15. Sacco RL, Kasner SE, Broderick JP, et al. An updated defi-
nition of stroke for the 21st century a statement for healthcare
professionals from the American Heart Association/Amer-
ican Stroke Association. Stroke 2013;44:2064-89.

16. Evans CF, Gammie JS. Surgical management of mitral valve
infective endocarditis. Semin Thorac Cardiovasc Surg
2011;23:232-40.

17. Cooper HA, Thompson EC, Laureno R, et al. Subclinical
brain embolization in left-sided infective endocarditis results
from the evaluation by magnetic resonance imaging of the


http://refhub.elsevier.com/S0003-4975(17)30972-4/sref1
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref1
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref1
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref2
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref2
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref3
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref3
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref3
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref3
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref4
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref4
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref4
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref4
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref5
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref5
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref6
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref6
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref6
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref7
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref7
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref7
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref8
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref8
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref8
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref9
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref9
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref9
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref9
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref10
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref10
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref10
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref11
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref11
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref11
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref11
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref12
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref12
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref12
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref12
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref13
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref13
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref13
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref14
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref14
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref14
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref15
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref15
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref15
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref15
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref16
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref16
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref16
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref17
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref17
http://refhub.elsevier.com/S0003-4975(17)30972-4/sref17

Ann Thorac Surg
2018;105:69-75

brains of patients with left-sided intracardiac solid masses
(EMBOLISM) pilot study. Circulation 2009;120:585-91.

18. Ruttmann E, Willeit J, Ulmer H, et al. Neurological outcome
of septic cardioembolic stroke after infective endocarditis.
Stroke 2006;37:2094-9.

19. Hess A, Klein I, Tung B, et al. Brain magnetic resonance
imaging findings in neurologically asymptomatic patients
with infective endocarditis. Am ] Neuroradiol 2013;34:
1579-84.

20. Nishimura RA, Otto CM, Bonow RO, et al. 2014 AHA/ACC
guideline for the management of patients with valvular heart
disease: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guide-
lines. J Am Coll Cardiol 2014;63:e57-185.

21. Gillinov AM, Shah RV, Curtis WE, et al. Valve replacement
in patients with endocarditis and acute neurologic deficit.
Ann Thorac Surg 1996;61:1125-30.

GHOREISHI ET AL 75

ACUTE STROKE AND MITRAL VALVE INFECTIVE ENDOCARDITIS

22. Snygg-Martin U, Gustafsson L, Rosengren L, et al. Cere-
brovascular complications in patients with left-sided infec-
tive endocarditis are common: a prospective study using
magnetic resonance imaging and neurochemical brain
damage markers. Clin Infect Dis 2008;47:23-30.

23. Yoshioka D, Sakaguchi T, Yamauchi T, et al. Impact of early
surgical treatment on postoperative neurologic outcome for
active infective endocarditis complicated by cerebral infarc-
tion. Ann Thorac Surg 2012;94:489-96.

24. Yanagawa B, Pettersson GB, Habib G, et al. Surgical man-
agement of infective endocarditis complicated by embolic
stroke. Circulation 2016;134:1280-92.

25. Garcia-Cabrera E, Fernandez-Hidalgo N, Almirante B,
et al. Neurologic complications of infective endocarditis:
risk factors, outcome, and impact of cardiac surgery: a
multicenter observational study. Circulation 2013;127:
2272-84.

DISCUSSION

DR VINAY BADHWAR (Morgantown, WV): Dr Ghoreishi, I
would like to congratulate you on the elegance of your presen-
tation. This is another example of how one can do clinical
research and not only describe one’s outcomes, but change how
the rest of us practice. I need to recognize the leadership of Dr
Gammie over the course of the last decade, who has focused on
this one issue and helped us evolve from conservatism to active
surgical therapy in endocarditis.

This issue is of particularly relevance now, since intravenous
drug abuse is such a major issue throughout the United States;
particularly in my area of Appalachia, where we encounter these
cases almost on a daily basis. So this helps us refine our practice.
I have 2 questions. First, in your manuscript and in your pre-
sentation, you outline that one of the tenants of why you would
pursue an early approach is to try to intervene before there is
structural degeneration of the valve, to facilitate earlier mitral
repair. In your manuscript, you have 38 patients that had pros-
thetic valve endocarditis and 30% also that had aortic valve
endocarditis, and your mitral repair rate was only about 48%. If
you were to exclude those patients and focused on the isolated
primary mitral patients, would you have information on the true
repair rate for that subset of patients?

DR GHOREISHI: Thank you very much, Dr Badhwar, for your
questions and also for accepting to review our paper.

Right now I have the data for those patients who had a history
of prosthetic valve IE. I do not have the data on those patients

who had only isolated mitral. After excluding patients with a
history of prior mitral valve repair or replacement, the repair rate
was 55%.

DR BADHWAR: The second and last question is regarding your
indications for operation being fungal culture, vegetation size
and mobility, and persistent bacteremia. In your manuscript and
in your presentation in the figure you showed that 71% of all
patients were operated on within 7 days and 25% were operated
on within 3 days. Now, I am not sure about the University of
Maryland, but in most places it takes some time for the culture to
persist. So would this suggest a philosophical change to your
practice in that you are not actually following these guidelines of
waiting for persistent bacteremia? Are we interpreting correctly
that as soon as you have the diagnosis, stroke or no stroke,
regardless of waiting for bacteremia, you would proceed with

surgery?

DR GHOREISHI: The data that we have are the data of admis-
sion in our hospital to surgery, and usually when they get to us
the results of their blood cultures are back. We excluded those
patients who were chronic infective endocarditis. So I assume
that all of these patients at least had a positive blood culture or
culture negative overall. As long as the patient has the indication
for operation, including severe MR or vegetation, we pursue with
the operation. We do not wait for blood cultures to come back
negative before going to the operating room.
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