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Abstract
Background and Objectives
There is a rising incidence of infective endocarditis–related stroke (IERS) in the United States
attributed to the opioid epidemic. A contemporary epidemiologic description is necessary to
understand the impact of the opioid epidemic on clinical characteristics of IERS. We describe
and analyze trends in the demographics, risk factors, and clinical features of IERS.

Methods
This is a retrospective cohort study within a biracial population of 1.3 million in the Greater
Cincinnati/Northern Kentucky region. All hospitalized patients with hemorrhagic or ischemic
stroke were identified and physician verified from the 2005, 2010, and 2015 calendar years using
ICD-9 and ICD-10 codes. IERS was defined as an acute stroke attributed to infective endo-
carditis meeting modified Duke Criteria for possible or definite endocarditis. Unadjusted
comparison of demographics, risk factors, outcome, and clinical characteristics was performed
between each study period for IERS and non-IERS. An adjusted model to compare trends used
the Cochran-Armitage test for categorical variables and a general linear model or Kruskal-Wallis
test for numerical variables. Examination for interaction of endocarditis status in trends was
performed using a general linear or logistic model.

Results
A total of 54 patients with IERS and 8,204 without IERS were identified during the study
periods. Between 2005 and 2015, there was a decline in rates of hypertension (91.7% vs 36.0%;
p = 0.0005) and increased intravenous drug users (8.3% vs 44.0%; p = 0.02) in the IERS cohort.
The remainder of the stroke population demonstrated a significant rise in hypertension, di-
abetes, atrial fibrillation, and perioperative stroke. Infective endocarditis status significantly
interacted with the trend in hypertension prevalence (p = 0.001).

Discussion
From 2005 to 2015, IERS was increasingly associated with intravenous drug use and fewer risk
factors, specifically hypertension. These trends likely reflect the demographics of the opioid
epidemic, which has affected younger patients with fewer comorbidities.

All authors contributed equally to this manuscript.

From the Columbia University Medical Center (M.R.), New York; University of Cincinnati Medical Center (M.R., M.L.F., Y.A., L.A., K.A., D.W., S.F., P.K., E.A.M., S.L.D., K.W., M.H., J.P.B.,
B.K., D.O.K.), OH; NYU Langone Hospital at Brooklyn (L.A.); Cincinnati Children’s Hospital Medical Center (J.C.K.), OH; Washington University School of Medicine (O.A.), St. Louis, MO;
Miami Neuroscience Institute (F.D.L.R.L.R.), Baptist Health South Florida, FL; Indiana University (J.M.), Indianapolis; VA National Telestroke Program (S.M.), Houston, TX; Northwestern
University (E.C.), Chicago, IL; Yale University (A.J.), New Haven, CT; University of Kansas Medical Center (S.S.); SorokaMedical Center (M.S.), Beersheva, Israel; Brown University (T.E.M.),
Providence, RI; and University of Michigan (D.O.K.).

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

Written work prepared by employees of the Federal Government as part of their official duties is, under the U.S. Copyright Act, a “work of the United States Government” for which
copyright protection under Title 17 of the United States Code is not available. As such, copyright does not extend to the contributions of employees of the Federal Government.

e1555

http://dx.doi.org/10.1212/WNL.0000000000206865
mailto:mridha@neomed.edu
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000206865


Ischemic stroke is the most common neurologic complication of
infective endocarditis, afflicting 20%–40% of cases.1,2 Risk factors
of infective endocarditis–related stroke (IERS) are vegetation size,
Staphylococcus aureus, and aortic or mitral valve involvement.3,4

IERS frequently occurs in the first week of illness and is often the
impetus for patients to seek initial medical care.5,6 Early identifi-
cation of IERS is paramount because initiation of antibiotic
therapy is effective in reducing further embolization, and in-
advertent administration of thrombolytic therapy carries an ex-
cessive risk of hemorrhagic transformation.5,7,8

Over the past decade, North America has seen a surge of opioid
use and a rise in intravenous drug use.9 The age-adjusted in-
cidence rate of opioid drug–related deaths in the United States
has risen alarmingly from 6.1 per 100,000 in 1999 to 21.7 per
100,000 in 2017.10 A study of the national inpatient sample data
from 1993 to 2015 found an increase in rates of hospitalization
for patients with stroke associated with infective endocarditis
and opioid use using ICD-9 codes, correlating temporally with
the rates of national opioid use.11 However, specific clinical
characteristics were unavailable to describe the evolving phe-
notype of the disease.12 Furthermore, the impact of concurrent
changes in other subgroups at high risk for infective endo-
carditis remains uncertain. Population-based studies conducted
within high-income nations of the 21st century have described
an increase in rates of infective endocarditis associated with
valvular heart disease, malignancy, indwelling catheters, he-
modialysis, and implanted cardiac devices. Nosocomial infec-
tions accounted for approximately 25%–30% of these cases,
and the average age of patients had shifted to older than 70
years.13,14 Most of these studies were conducted before the
current opioid epidemic, and there is scant data on population-
based trends in stroke secondary to infective endocarditis.15,16

Given the changing epidemiology of infective endocarditis, a
contemporary description of the unique clinical characteristics
of IERS is needed.17,18

There have been few population-based studies of infective
endocarditis in the United States with most occurring before
the current opioid epidemic and scant data on population-
based trends in stroke secondary to infective endocarditis.15,16

Ohio and Kentucky were greatly affected by the opioid epi-
demic with the third and fourth highest national rates of age-
adjusted drug overdose in 2015, respectively.19,20 We sought
to compare temporal trends in the demographics and risk
factor profile of IERS with the overall stroke population and
describe trends in the clinical features of IERS in the Greater
Cincinnati/Northern Kentucky region of the United States
from 2005 to 2015.

Methods
Population
The Greater Cincinnati/Northern Kentucky Stroke Study
(GCNKSS) is a population-based epidemiologic study in-
cluding all inpatient strokes conducted every 5 years in the
Greater Cincinnati/Northern Kentucky region. This pop-
ulation is largely representative of the United States regarding
median age, percent Black, and socioeconomic indicators.21

In brief, all residents in the 5-county region admitted to local
acute-care hospitals with ischemic or hemorrhagic stroke in
2005, 2010, and 2015 were identified by a study nurse through
ICD-9 codes 430–436 or ICD-10 codes G45, G46, H34, and
I60-I69 from hospital and emergency department discharge
lists. Double counting was prevented by cross-checking of
event sources. All participating sites in each study period had
IRB approval. Prior studies have described the details of pa-
tient inclusion and data acquisitions.22 Potential cases of IERS
were identified by ICD-9 and ICD-10 codes of hospitalized
patients and adjudicated by study physicians. IERS was de-
fined by modified Duke criteria for possible or definite in-
fective endocarditis.23

Data Collection/Measurements
Age, sex, race, and medical history were abstracted for all
hospitalized stroke patients in the population to compare
temporal trends in demographic and risk factors between
patients with IERS and all non-IERS patients in the pop-
ulation. Active intravenous drug use was not identified for all
stroke patients and was specifically extracted from chart re-
view of the IERS group. Heroin constituted most of the in-
travenous drug users (IVDU). End-stage renal disease was not
collected in 2005 and was specifically extracted from the
charts of the IERS.

To describe temporal trends in the clinical features of IERS,
presenting symptoms, initial laboratory work, initial National
Institute of Health Stroke Scale, remote history of infective
endocarditis, and tissue plasminogen activator (tPA) or
endovascular therapy administration were abstracted. A re-
mote history of infective endocarditis was defined as occur-
ring more than 6 months before the pertinent hospitalization.
The location of initial medical contact with stroke symptoms,
specifically emergency department vs inpatient, was included
to identify patients who had stroke as the primary presenting
feature of infective endocarditis. The time of last known well
(LKW) was determined from study nurse estimation from
review of clinical records into increments of 0–6 hours, 7–12
hours, 13–18 hours, 19–24 hours, and beyond 24 hours.

Glossary
ICD-9 = International Classification of Diseases–9; IERS9 = infective endocarditis–related stroke; IQR = interquartile range;
IVDU9 = intravenous drug users; GCNKSS9 = Greater Cincinnati Northern Kentucky Stroke Study; LKW = last known well;
tPA9 = tissue plasminogen activator.
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Patients presenting to the emergency department with an
unknown LKW time were categorized as greater than 24
hours. Patients who were already hospitalized during stroke
onset without a documented LKW time were categorized as
0–6 hours. Neurologic deterioration was defined as any
documented clinical worsening of neurologic symptoms over
the course of the hospitalization. Fever was defined as a
recorded temperature of >100.5 F, and sepsis was determined
by the presence of at least 2 systemic inflammatory response
syndrome criteria during stroke. Blood culture results were
obtained from discharge summaries from the case records.
Study charts included the radiologist interpretation of brain
imaging and echocardiogram results. Ischemic and hemor-
rhagic stroke subtyping was adjudicated by physician re-
viewers. Neurologic outcomes at discharge were abstracted
from records, and information on death was obtained from
the Centers for Disease Control and Prevention National
Death Index.

Statistical Analysis
SAS software, version 9.4 (SAS Institute, Cary, NC) was used
for data management and analysis. Descriptive statistics of
baseline demographic information, medical history, labora-
tory data, presenting clinical features, and blood culture re-
sults was performed for each of the 3 study periods and
overall. Categorical variables were described using frequency
and percent; continuous variables were described as mean and
associated SD or median with interquartile range and range.

Comparison of demographics, risk factors, outcome, and
clinical features between study periods for IERS and non-
IERS was performed through the χ2 or Fisher exact test for
categorical variables with an associated Cochran-Armitage
test for trend over the study periods; a general linear model or
Kruskal-Wallis test was performed for numerical variables.
Examination for interaction of endocarditis status for de-
mographics, risk factor, and outcome trend between study
periods used a general linear or logistic model, as appropriate.

Using census data of the region for each respective year of the
study and the US census data for 2010, the estimated rate of
stroke associated with endocarditis was calculated and age,
sex, and race adjusted to the 2010 US population. The 95%
confidence intervals were estimated using a Poisson distri-
bution. Examination of temporal trends in the rate of non-
IERS between the 3 years 2005, 2010, and 2015 used the t test
with a Bonferroni correction. Due to the small number of
events, statistical examination of the change in rate over time
in the IERS was not performed. Evaluation of statistical sig-
nificance was set at a critical value of <0.05.

A secondary analysis compared demographic and clinical
characteristics between IVDU and non-IVDU. Comparison
between groups used the Fisher exact test for categorical
variables and the t test or Wilcoxon rank sum test for nu-
merical variables. An exploratory analysis compared trends in
demographics and risk factors in IERS without IVDU over the

study periods using the χ2 test for categorical variables with an
associated Cochran-Armitage test for trend and a general
linear model for numerical variables.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the institutional review boards at
all participating hospitals, and informed consent was waived.

Data Availability
Anonymized data may be shared at the request to any quali-
fied investigator for purposes of replicating procedures and
results.

Results
Trends in IERS Compared With the
Stroke Population
A total of 54 cases of IERS and 8,205 non-IERS were iden-
tified over the study periods. There were no missing de-
mographic or comorbidity data in both groups. Among those
with IERS, there were significantly fewer patients with hy-
pertension (91.7% in 2005, 76.5% in 2010, and 36.0% in
2015) and significantly more IVDU (8.3% in 2005, 23.5% in
2010, and 44.0% in 2015). There also was a nonsignificant
trend among patients with IERS toward increased propor-
tions of White individuals, younger age, and a lower pro-
portion of other traditional vascular risk factors including
diabetes, prior heart valve replacement, end-stage renal dis-
ease, and prior stroke. In the non-IERS cohort, there was an
increased prevalence of male individuals, Black individuals,
and hypertension, diabetes, atrial fibrillation, malignancy, and
perioperative stroke. Test of interaction of endocarditis status
on the temporal trends in demographic and risk factors
revealed endocarditis status significantly interacted with hy-
pertension rates (Table 1).

Description of Clinical Features of IERS Cohort
Among patients with IERS, ischemic stroke accounted for
81.5% of all patients, intraparenchymal hemorrhage com-
posed 14.8%, and subarachnoid hemorrhage was 3.7%. Ap-
proximately 74.1% of patients had manifest stroke symptoms
on initial presentation to the emergency department. Only
20.4% of patients were known to have active infective endo-
carditis during stroke recognition. Clinical criteria of sepsis
were evident in 27.8% during stroke recognition. Among
patients presenting initially with stroke symptoms in the
emergency department, only 15.2% had fever. All patients
with IERS had a complete blood count and basic metabolic
panel. Median white blood cell counts were mildly elevated
at 13.2 cells × 109/L. There was a significant decline in ini-
tial median creatinine over the study period from 1.45
(interquartile range [IQR] 9.3–16.4) in 2005, to 1.5
(IQR 1.00–4.70) in 2010, to 1.04 (IQR 0.80–1.27) in 2015
(p = 0.02). Neurologic decline during hospitalization oc-
curred in 40.7% of cases. Hemorrhagic transformation oc-
curred in 22.7% of all infarcts, and symptomatic hemorrhagic
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transformation occurred in 11.4% (Table 2). A significant
change in distribution of time from LKW to presentation was
seen over the study period, with a trend for patients to present
either beyond 24 hours or within the first 6 hours. Although
44.4% of patients arrived within the first 6 hours from the time
last seen well, one patient received tPA and one patient un-
derwent endovascular therapy during the study time frame.

Vascular imaging was performed in 51.8% of cases; 28.6% of
cases with vascular imaging identified mycotic aneurysms
(eTable 1, links.lww.com/WNL/C624).

The most common bacteria identified on blood culture,
comprising 3-quarters of the cases, were enterococcus,
methicillin-sensitive S aureus, and methicillin-resistant S

Table 1 Trends in Characteristics of IERS and Entire Stroke Population

Endocarditis 2005 2010 2015
Overall
p Valuea

Trend
p Valueb

Interaction
p Valuec

N No 2,598 2,698 2,908

Yes 12 17 25

Age, mean (SD) [range] No 69.8 (14.9) [20–99] 69.1 (15.0) [20–99] 69.5 (15.0) [22–99] 0.27 0.59 0.10

Yes 61.8 (9.9) [47–79] 59.5 (19.0) [29–85] 52.0 (18.5) [24–86] 0.19 0.08

Female, n (%) No 1,467 (56.5) 1,503 (55.7) 1,566 (53.8) 0.13 0.0495 0.51

Yes 5 (41.7) 8 (47.1) 7 (28.0) 0.42 0.32

Black, n (%) No 556 (21.4) 583 (21.6) 68 (23.7) 0.08 0.04 0.10

Yes 6 (50.0) 7 (41.2) 5 (20.0) 0.14 0.052

Hypertension, n (%) No 2011 (77.4) 2,158 (80.0) 2,407 (82.8) <0.0001 <0.0001 0.001

Yes 11 (91.7) 13 (76.5) 9 (36.0) 0.002 0.0005

Diabetes, n (%) No 804 (31.0) 885 (32.8) 1,064 (36.6) <0.0001 <0.0001 0.07

Yes 5 (41.7) 7 (41.2) 4 (16.0) 0.13 0.07

Atrial fibrillation, n (%) No 417 (16.0) 556 (20.6) 646 (22.2) <0.0001 <0.0001 0.99

Yes 2 (16.7) 4 (23.5) 6 (24.0) 0.87 0.65

ESRD, n (%) No N/A 84 (3.1) 92 (3.2) 0.91 0.91 N/A

Yes 3 (25.0) 5 (29.4) 1 (4.0) 0.06 0.055

Cancer, n (%) No 479 (18.6) 590 (22.0) 626 (21.6) 0.01 0.01 0.99

Yes 1 (8.3) 0 (0) 0 (0) 0.17 0.11

HIV, n (%) No 11 (0.43) 3 (0.11) 11 (0.38) 0.08 0.81 0.99

Yes 0 (0) 0 (0) 1 (4.0) 0.55 0.33

Prior stroke, n (%) No 701 (27.0) 672 (24.9) 757 (26.0) 0.23 0.45 0.42

Yes 3 (25.0) 2 (11.8) 2 (8.0) 0.35 0.17

Prior valve replacement, n
(%)

No 53(2.0) 59 (2.2) 59 (2.0) 0.90 0.97 0.41

Yes 3 (25.0) 3 (17.6) 2 (8.0) 0.37 0.16

Other infection within 2
wk, n (%)

No 307 (11.8) 271 (10.0) 283 (9.6) 0.02 0.01 0.20

Yes 4 (33.3) 5 (29.4) 13 (52.0) 0.29 0.20

Surgery within 30 d, n (%) No 165 (6.4) 254 (9.4) 289 (9.9) <0.0001 <0.0001 0.20

Yes 3 (25.0) 1 (5.9) 4 (16.0) 0.35 0.65

IVDU, n (%)d Yes 1 (8.3) 4 (23.5) 11 (44.0) 0.06 0.02 N/A

a Overall p value represents comparison between each individual study period.
b Trend p value represents comparison between 2005 and 2015 period.
c Interaction p value of endocarditis status on temporal trends.
d Data not available for entire stroke population.
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aureus. All cases secondary to methicillin-resistant S aureus
occurred in the 2010 and 2015 cohort with no documented
occurrences in 2005 (Table 2). More than half of all

vegetations were located on the mitral valve, and more than
one-third had aortic valve vegetations. Valvular regurgitation
was the most common finding on echocardiogram other than

Table 2 Trends of Clinical Features of Infective Endocarditis–Related Stroke

Total
(n = 54)

2005
(n = 12)

2010
(n = 17)

2015
(n = 25)

Overall
p Value

Known infective endocarditis during
stroke, n (%)

11 (20.4) 4 (33.3) 1 (5.9) 6 (24.0) 0.17

History of remote endocarditis, n (%) 7 (13.0) 1 (8.3) 5 (29.4) 1 (4.0) 0.054

Prior valve replacement, n (%) 8 (14.8) 3 (25.0) 3 (17.6) 2 (8.0) 0.37

Bioprosthetic 5 (62.0) 3 (100) 2 (66.7) 0 (0.0)

Mechanical 3 (37.5) 0 (0) 1 (33.3) 2 (100.0)

Hours from LKW to presentation, n (%) 0.009

0–6 24 (44.4) 4 (33.3) 7 (41.2) 13 (52.0)

7–12 5 (9.3) 3 (25.0) 1 (5.9) 1 (4.0)

13–18 3 (5.6) 3 (25.0) 0 (0) 0 (0)

19–24 4 (7.4) 0 (0) 3 (17.6) 1 (4.0)

>24 18 (33.3) 2 (16.7) 6 (35.3) 10 (40.0)

Stroke subtype, n (%) 0.52

Ischemic 44 (81.5) 9 (75.0) 16 (94.1) 19 (76.0)

ICH 8 (14.8) 2 (16.7) 1 (5.9) 5 (20.0)

SAH 2 (3.7) 1 (8.3) 0 (0) 1 (4.0)

Infarct with hemorrhagic
transformation,
n (% of all infarcts)

10 (22.7) 1 (11.1) 3 (18.75) 6 (31.6) 0.47

Symptomatic 5 (11.4) 0 (0) 2 (12.5) 3 (15.8) 1.00

Neurologic deterioration, n (%) 22 (40.7) 3 (25.0) 8 (47.1) 11 (44.0) 0.44

Septic on presentation, n (%) 15 (27.8) 2 (16.7) 5 (29.4) 8 (32.0) 0.61

Febrile on presentation, n (%) 7 (15.2) 0 (0) 3 (20.0) 4 (16.7) 0.46

Median WBC (IQR) [range]) 13.2 (9.9–17.6)
[2.7–35.9]

14.5 (9.3–16.4)
[6.8–17.9]

11.8 (10.3–17.5)
[5.1–25.3]

13.3 (10.6–22.3)
[2.7–35.9]

0.69

Median creatinine (IQR) [range]) 1.18 (0.90–2.29)
[0.70–14.70]

1.45 (1.05–3.95)
[0.70–6.80]

1.50 (1.00–4.70)
[0.80–14.7]

1.04 (0.80–1.27)
[0.70–11.7]

0.02

Blood culture growth, n (%) 0.30

Enterococcus 12 (25.5) 3 (33.3) 2 (14.2) 7 (29.2)

MSSA 13 (21.3) 2 (22.2) 4 (28.6) 7 (29.2)

MRSA 10 (21.3) 0 (0) 4 (28.6) 6 (25.0)

Unidentified gram-positive 2 (4.3) 2 (22.2) 0 (0) 0 (0)

Streptococcus 3 (6.4) 0 (0) 1 (7.1) 2 (8.3)

Gram-negative bacteria 5 (10.6) 1 (11.1) 2 (14.2) 2 (8.3)

No growth 2 (4.3) 1 (11.1) 1 (7.1) 0 (0)

Missing 7 (13.0) 3 (33.3) 3 (17.6) 1 (4.0)

Abbreviations: ICH = intracerebral hemorrhage; IQR = interquartile range; LKW = last known well; MRSA = methicillin-resistant staphylococcus; MSSA =
methicillin-sensitive staphylococcus; SAH = subarachnoid hemorrhage; WBC = white blood cell count.
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vegetation with mitral regurgitation in 58.5% and aortic re-
gurgitation in 28.3% (eTable 1, links.lww.com/WNL/C624).
Data were missing for 13% of blood culture results and 9.3%
of vegetation location.

Trends in Rate and Outcomes of IERS
The rate of IERS increased from 1.31 per 100,000 (CI
0.56–2.06) in 2005 to 1.66 per 100,000 (CI 0.87–2.45) in
2010 to 2.41 per 100,000 (CI 1.46–3.36) in 2015 (Table 3).
Thirty-day modified Rankin scale was missing in 5.67% of the
stroke population without IERS. There were no missing
outcome data in the IERS cohort. Thirty-day and 90-day
mortality data were complete in the entire stroke population.
Functional outcome and mortality rates were poor with no
significant improvements over the study periods. The median
modified Rankin scale at 30 days was 4 (IQR 3–6), and 90-day
case fatality was 48.3%. The non-IERS stroke population ex-
perienced a significant improvement in ninety-day mortality
over time from 22.0% in 2005 to 19.4% in 2015 (p = 0.02).
There was no statistical interaction of endocarditis status on
functional outcome or mortality trend (Table 3).

Characteristics of Intravenous Drug Users
With IERS
Compared with non-IVDU with endocarditis, active IVDU
were significantly younger, male, and without history of atrial
fibrillation or end-stage renal disease (Table 4). The location
of stroke symptom recognition was in the emergency de-
partment for 93.8% of IVDU compared with 65.8% of non-
IVDU (p = 0.04). Urine drug testing on admission was
missing in 0% of IVDU with IERS and 10.5% of non-IVDU
with IERS. Among patients with IERS, urine testing for opi-
oids was positive in 62.5% of IVDU compared to 0% of non-
IVDU (p ≤ 0.0001). IVDU compared with non-IVDU were

more likely to have evidence of sepsis (50.0% vs 18.4%, p = 0.04)
and fevers (40.0% vs 3.2%, p = 0.003) on presentation. There
were significantly higher rates of preceding separate infections
among non-IVDU compared with IVDU (57.9% vs 25.0%, p =
0.027), and there was a significant rise in preceding infections
among non-IVDU over the study period (eTable 2, links.lww.
com/WNL/C624). There was a nonsignificant trend for a dif-
ference in time to presentation with 50.0% of IVDU presenting
more than 24 hours from LKW. By contrast, 52.6% of non-
IVDU were identified within 6 hours from LKW. Enterococcus
and methicillin-resistant S aureus were the most common mi-
crobial isolates from blood cultures among IVDU while
methicillin-sensitive S aureus was the most common in non-
IVDU. IVDU achieved a significantly better functional outcome
at 30 days with a median modified Rankin scale of 3 compared
with 5 for non-IVDU (Table 4).

Discussion
In this population-based stroke study of the Greater
Cincinnati/Northern Kentucky region, the demographics of
patients with IERS has shifted toward younger ages, increased
intravenous drug use, and reduced rates of hypertension. By
contrast, the remainder of the stroke population demon-
strated increased rates of traditional vascular risk factors over
time. This lends further support to the literature on the impact
of the opioid epidemic on the epidemiology of infective
endocarditis. Prior studies of the National Inpatient Sample of
hospitalizations have found an increased incidence of infective
endocarditis associated with drug use across the United
States.18,24 Epidemiologic studies of infective endocarditis in
developed nations before the opioid crisis had described de-
clines in rates of Streptococci viridans and rheumatic heart

Table 3 Stroke Rate, 30-D Functional Outcome, and Mortality

Endocarditis Total 2005 2010 2015
Overall
p Value

Interaction
p Value

N No 8,204 2,598 2,698 2,908

Yes 54 12 17 25

Median mRS at 30 d (IQR) [range] No 3 (2–4) [0–6] 3 (2–4) [0–6] 3 (2–4) [0–6] 3 (2–4) [0–6] <0.0001 0.48

Yes 4 (3–6) [0–6] 5 (4–5.5) [3–6] 4 (3–6) [1–6] 4 (3–6) [0–6] 0.55

30 d all-cause case fatality, n (%) No 1,213 (15.6) 411 (16.6) 402 (15.6) 400 (14.7) 0.051 0.44

Yes 18 (33.3) 3 (25.0) 5 (29.4) 10 (40.0) 0.61

90 d all-cause case fatality, n (%) No 1,591 (20.5) 544 (22.0) 518 (20.2) 529 (19.4) 0.02 0.32

Yes 26 (48.2) 6 (50.0) 6 (35.3) 14 (56.0) 0.42

Stroke rate/100,000b (95% CI) No 277 (271–283) 280 (269–291) 276 (266–287) 274 (264–284) 0.44 N/A

Yes 1.79 (1.31–2.27) 1.31 (0.56–2.06) 1.66 (0.87–2.45) 2.41 (1.46–3.36) a

Abbreviations: GCNK = Greater Cincinnati/Northern Kentucky; IQR = interquartile range; mRS = modified Rankin scale.
a p value for temporal change not calculated because of event rarity.
b Age, sex, and race adjusted to the 2010 US population.
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disease, while the frequency S aureus, advanced age, prosthetic
valve replacement, degenerative valvular disease, and hemo-
dialysis had risen.15,16,25–29 By contrast, patients with in-
travenous drug use–related infective endocarditis tend to be
younger, from lower socioeconomic status, and with fewer
medical comorbidities.18,24

Over the 15-year study period in this study, we see a trend
toward an increased rate of IERS. The increase was primarily
driven by a rise in cases associated with intravenous drug use
and temporally coincides with the national opioid epidemic.30

Although the increase was not formally statistically tested
because of the small number of cases, the number of cases
doubled over the decade, confirming the previously reported
increase in IERS from the national inpatient sample.11 The
midwestern region of the United States has been particularly
afflicted with the greatest increases in rates of infective
endocarditis and IERS.11,18 In Ohio, the rapid increase in
heroin-related deaths began in 2008 and peaked in 2016. The
state has the fourth highest rate of opioid-related death in the
United States with 29.6/100,000 in 2018.10 The southwestern
portion of the state, including the Greater Cincinnati region,
has particularly high rates with opioid-related death rates of
43.4/100,00 in Hamilton County.31

Neurologic deficits are a common initial manifestation of
infective endocarditis before its diagnosis.6 For most patients
with IERS in our population, neurologic deficits attributed to
stroke were present on first arrival at the emergency de-
partment; however, less than half of patients had fever, sepsis,
or a known infection. This highlights the lack of consistent
historical and clinical biomarkers to aid clinicians in accurate

Table 4 Demographics and Clinical Data of IVDU vs
Non-IVDU With IERS

IVDU
(n = 16)

Non-IVDU
(n = 38) p Value

Age, mean (SD) [range] 41.1 (14.1)
[24–63)

63.1 (14.3)
[29–86]

<0.0001

Female, n (%) 2 (12.5) 18 (47.4) 0.02

Black, n (%) 8 (50.0) 10 (26.3) 0.09

Hypertension, n (%) 8 (50.0) 25 (65.8) 0.28

Diabetes, n (%) 2 (12.5) 14 (36.8) 0.07

Atrial fibrillation, n (%) 0 (0) 12 (31.6) 0.01

Prior stroke, n (%) 3 (18.8) 4 (10.5) 0.41

Prior valve replacement,
n (%)

3 (18.8) 5 (13.2) 0.68

ESRD, n (%) 0 (0) 9 (23.7) 0.045

Cancer, n (%) 1 (6.7) 0 (0) 0.30

HIV, n (%) 1 (6.2) 0 (0) 0.30

Other infection within 2 wk,
n (%)

4 (25.0) 22 (57.9) 0.027

Recent surgery past 30 d,
n (%)

1 (6.7) 7 (18.4) 0.41

Location of stroke
presentation, n (%)

0.04

Emergency department 15 (93.8) 25 (65.8)

Inpatient 1 (6.2) 13 (34.2)

Septic on presentation, n (%) 8 (50.0) 7 (18.4) 0.04

Febrile on presentation, n (%) 6 (40.0) 1 (3.2) 0.003

Opiates detected in urine, n
(%)

10 (62.5) 0 (0) <0.0001

Time from LKW to
presentation

0.055

0–6 h 4 (25.0%) 20 (52.6%)

7–12 h 1 (6.2%) 4 (10.5%)

13–18 h 0 3 (7.9%)

19–24 h 3 (18.8%) 1 (2.6%)

>24 h 8 (50.0%) 10 (26.3%)

Blood culture growth, n (%) 0.69

Enterococcus 4 (28.6) 8 (25)

MSSA 3 (21.4) 10 (31.3)

MRSA 4 (28.6) 6 (18.5)

Unidentified Gram-positive
bacteria

0 (0) 2 (6.3)

Gram-negative bacteria 2 (14.2) 3 (9.4)

Streptococcus 2 (14.2) 1 (3.1)

No growth 0 (0) 2 (6.3)

Table 4 Demographics and Clinical Data of IVDU vs
Non-IVDU With IERS (continued)

IVDU
(n = 16)

Non-IVDU
(n = 38) p Value

Missing 1 (6.7) 6 (15.8)

Vegetation location 0.39

No vegetation 3 (20.0) 3 (8.8)

Tricuspid 1 (6.7) 3 (8.8)

Mitral 6 (40.0) 21 (61.8)

Aortic 7 (46.7) 10 (29.4)

Missing 1 (6.3) 4 (10.5)

Median mRS at 30 d (IQR)
[range]

3 (3,4) [0–6] 5 (4–6) [1–6] 0.005

Death by 30 d, n (%) 2 (12.5) 16 (42.1) 0.06

Death by 90 d, n (%) 5 (31.2) 21 (55.3) 0.14

Abbreviations: IVDU = intravenous drug users; ESRD = end-stage renal dis-
ease; HIV = human immunodeficiency virus; LKW = last known well; MSSA =
methicillin-sensitive staphylococcus; MRSA = methicillin-resistant staphylo-
coccus; mRS = modified Rankin scale.
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identification in the acute setting. Biomarkers such as
C-reactive protein, white blood cell count, procalcitonin, and
D-dimer have been investigated in infective endocarditis with
limited utility in prognosis and poor diagnostic precision.32,33

Patients with IERS in our study had only a modest elevation in
white blood cell count, limiting its practical reliability in di-
agnostic and therapeutic decision-making. This poses a chal-
lenge for clinicians treating patients with acute ischemic
stroke because active infective endocarditis is a contraindi-
cation to tPA due to high rates of hemorrhagic trans-
formation.34 Our cohort validates this contraindication with
22.7% experiencing hemorrhagic transformation and 11.7%
being symptomatic. Only 1 patient with IERS received tPA
during this study; the patient experienced a fatal symptomatic
hemorrhagic transformation.

Changes in presentation features of IERS also highlights im-
portant alterations in the population composition of this
disease. Over the study period, patients with IERS were more
likely to present either within the initial 6 hours from LKW or
beyond 24 hours. Half of IVDU presented beyond 24 hours,
whereas most of the non-IVDU presented within 6 hours.
IVDU were also significantly more likely to have neurologic
deficits identified in the emergency department, whereas
more than one-third of non-IVDU developed stroke symp-
toms during hospitalization. Contemporary cohort studies
before the opioid epidemic estimated 25%–30% of infective
endocarditis to be health care associated and nosocomial ac-
quired, with a rising proportion of healthcare-associated
cases.14,16 Patients with healthcare-acquired or nosocomial-
acquired IERS may have stroke symptoms identified sooner
while in the hospital or due to greater awareness and access to
medical care, whereas IVDUmay be reluctant to seek medical
care urgently. Prior studies have supported that younger ages
and drug use is associated with prolonged time presentation in
acute stroke, possibly due to lack of medical literacy or social
support.35,36 Non-IVDU also were significantly more likely to
have a separate proceeding infection within the prior 2 weeks
and less likely to present with other indications of infection
such as fever or sepsis potentially due to older age and medical
comorbidities, resulting in an impaired host immune response.

Despite advances in medical care over the study period, neu-
rologic and functional outcomes are poor in patients with
IERS.34 Nearly one-third of patients were dead at 30 days, and
approximately 48.2% of patients in our cohort died within 3
months. IVDU were found to have a significantly better func-
tional outcome, likely related to younger age and fewer medical
comorbidities. In prior studies, IVDU with infective endo-
carditis have been shown to have a lower hospital mortality
compared with non-IVDU; however, long-term outcomes re-
main poor primarily due to relapse in substance use. A high
proportion experienced neurologic decline after their initial
stroke, and among survivors, most were left with moderate to
severe disability. Recurrent stroke, worsening sepsis, cardiac
decompensation, and other medical complications contribute
to this decline.17,24,37 While early initiation of antibiotic therapy

is known to dramatically reduce the risk of recurrent embolic
events, patients with infective endocarditis remain at an ele-
vated risk of recurrent stroke for up to 2 years.8,38–40

This study suggests that the modern epidemiology of infective
endocarditis and its complications such as stroke may be di-
chotomized based on IV drug use. IVDUs have divergent out-
comes, comorbidities, and social challenges compared with non-
IVDU who have more complex comorbidities, different mecha-
nisms of disease acquisition such as from indwelling catheters or
devices, and worse outcome. These differences will likely only
continue to exacerbate as the opioid epidemic continues and
survival improves in specific patient populations such as those
with left ventricular assist devices and end-stage renal disease.41,42

The primary limitation of the study was the small number of
IERS with resultant difficulty in detecting statistically signifi-
cant changes in stroke rate or clinical features. Although the
GCNKSS collects detailed patient-level data, features specific
to infective endocarditis were not consistently collected such
as blood culture data or vegetation location. Interpretation of
specific microbial trends in IERS over time may be limited.
Although the use of IV drugs was documented by study
nurses, data extraction required manual review from study
charts. Thus, it was not able to be extracted from the entire
stroke cohort, and it is uncertain whether the rise in IVDU
occurred in the remainder stroke population as well. Due to
the stigma associated with drug use and insensitivity of urine
drug testing, underreporting of intravenous drug use is pos-
sible. Furthermore, several patients did not have completion
of all diagnostic testing because testing was not proscribed
because this was a retrospective epidemiology study. How-
ever, one of the strengths of the GCNKSS is the independent
review of medical records and determination of stroke etiol-
ogy of all patients by a vascular neurology–trained study
physician. It is possible that hospitalized patients with IERS
were not captured because of missed diagnosis from symptom
recognition failure or illness severity, leading to death before
evaluation. Individuals diagnosed with stroke in the out-
patient setting were not included in this study, which may
underestimate the rate of IERS; however, because active in-
fective endocarditis typically requires hospitalization, this was
not felt to pose a significant limitation. Lastly, because the
GCNKSS captures only patients with stroke, we did not have
access to data on all cases with infective endocarditis in the
population and were unable to determine whether changes in
rate of IERS are solely attributable to changes in overall rate of
infective endocarditis in the population.

The demographic and clinical features of stroke due to in-
fective endocarditis have changed from 2005 to 2015. The
impact of the opioid epidemic is reflected in the transforming
phenotype of IERS. Cerebrovascular complications remain a
serious manifestation of the disease and require a high index
of suspicion. The poor functional outcomes and mortality
have not improved over the decade study period, emphasizing
the need for tailored innovation in this pathology.
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