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and 4Department of Clinical Medicine, University of Copenhagen, Denmark; 5Department of Medicine, Stanford University School of Medicine, California; and 6Department of Cardiology, 
Copenhagen University Hospital Rigshospitalet, Denmark

Background. Several studies have reported a high risk of ischemic stroke (IS) during the acute phase of infective endocarditis 
(IE). The long-term risk of IS after IE, however, is not fully illuminated.

Methods. This Danish, nationwide, register-based, propensity score–matched cohort study used Cox regression to estimate 
hazard ratios (HRs) of IS for persons with vs without a history of left-sided IE, from 1977 to 2015.

Results. We followed 9312 patients exposed to a first-time IE and 91 996 nonexposed, matched control persons. Compared 
to persons without IE, patients with a history of IE had a significantly increased risk of IS; the risk was highest during the first 4 
weeks after IE diagnosis (HR 57.20, 95% confidence interval [CI] 45.58–71.78; P < .0001) and a moderately elevated risk persisted 
until 2 years after IE (4 weeks to 3 months after IE, HR 5.40, 95% CI 4.11–7.19; 3 months to 2 years after IE, HR 1.73, 95% CI 
1.48–2.01). Mediation analyses showed that the higher risk of IS the first 2 years after IE could not be explained by atrial fibrillation 
(AF) or inserted mechanical valves in IE patients. In the period from 4 weeks to 3 months after IE diagnosis, patients treated with 
anticoagulative therapy had a lower risk of IS (HR 0.30, 95% CI .10–0.96; P = .04).

Conclusions. Patients with a history of IE had an increased risk of IS for up to 2 years after IE diagnosis. The increased risk was 
unrelated to AF and inserted mechanical valves. During the initial phase after IE, patients taking an anticoagulative medication had 
a lower risk of IS.

Keywords. infective endocarditis; ischemic stroke; cohort study; propensity score matching; epidemiology.

The most common neurological complication to infective endo-
carditis (IE) is ischemic stroke (IS), affecting 7–17% of patients 
[1–8]. IS may lead to disabilities and increases mortality [4, 9]. 
Cardio-embolic stroke in IE is considered to be caused by em-
bolization from heart valve vegetations and occurs most often 
during the initial phase of IE [3, 8]. In many cases, the vegetation 
size regresses during treatment with antibiotics [10], which may 
explain the reduced risk of a cardio-embolic stroke. However, in 
some patients the cardiac vegetation persists after termination 
of the treatment, which may pose a risk of embolization later in 
life. Additionally, the valve lesion that formed the basis for the 
development of IE and host responses [11, 12] may remain after 
the vegetation has been cleared, and may promote the intermit-
tent development of new infected or sterile vegetations. This 

may represent another mechanism for the potential remaining 
risk of embolization. Several studies have reported a high risk of 
IS during the admission for IE [2, 3, 5–7, 13]; however, the risk 
of IS after treatment has been finalized has been investigated 
less [7, 8, 14]. The aim of this study was to use the Danish na-
tional registers to investigate the risk of IS after IE.

METHODS

Using data from national Danish health registers, we conducted 
a cohort study investigating the risk of IS during and after IE 
treatment, including patients from 1 January 1977 to 30 June 
2015. The methods have thoroughly been described previ-
ously [15]. We used 4 national registers: the Danish Civil 
Registration System [16], to identify the source population and 
cohort members (1 January 1977 to 30 June 2015); the Danish 
National Patient Register (NPR) [17] and the Danish Register 
of Causes of Death [18] (the International Classification for 
Diseases [ICD], using version 8 from 1977 to 1993 and version 
10 from 1994 onwards), to identify patients with IE (exposure), 
IS (outcome), and comorbidities; and the Danish National 
Prescription Registry [19], to identify patients redeeming 
prescriptions of specific drugs. We identified 10 matched 
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control persons for each IE patient from the source population, 
as previously described [15]. Patients likely to have right-sided 
endocarditis (previously described [15]), patients with a diag-
nosis of cerebral ischemic or hemorrhagic stroke prior to the IE 
diagnosis, and patients with IE without matching partners were 
excluded (Figure 1). Intravenous drug users were identified 
by ICD coding in NPR or by the use of opioid agonists (eg, 
methadone, buprenorphine, and naloxone), according to the 
Danish National Prescription Registry. For a supplementary 
analysis, the use of anticoagulative medication was considered 
if prescriptions of those medications were claimed. If the pa-
tient had recurrent IE, only the first episode was considered. 
For ICD codes and Anatomical Therapeutic Chemical codes, 
see Supplementary Table 1. Each patient was followed from the 
date of admission for the hospitalization that ended with an IE 
diagnosis (for controls, the matching date), until the first of the 
following events: IS (outcome diagnosis); hemorrhagic stroke; 
death; emigration; registration as “missing” in the Danish Civil 
Registration System; or 30 June 2015 (end of follow-up).

Statistical Analyses

We used Cox regression with time since start of follow-up 
as the underlying time scale to estimate hazard ratios (HRs), 
comparing rates in patients diagnosed with IE with IE-free 
individuals (controls). Analyses were performed within 4 time 
groups (0 to <4 weeks, 4 weeks to <3  months, 3  months to 
<2 years, and ≥2 years). There was no further heterogeneity ac-
cording to time, except within the first group; to illustrate this, 

we also performed the main analyses using a more detailed time 
categorization (0 to <1 week; 1 week to <2 weeks; 2 weeks to <4 
weeks). Effect modifications were evaluated by the inclusion of 
interactions in the regression analyses with an additional ad-
justment for the propensity score in categorized 10% quantiles. 
Mediation by mechanical valve insertion [20] the first year after 
IE diagnosis (time-dependent the first year, then fixed) and 
atrial fibrillation/atrial flutter (AF) [21, 22] later than 3 months 
after IE diagnosis (time-dependent) were evaluated by the me-
diation analysis approach by Lange and colleagues [23, 24], with 
the use of an extension allowing for time-dependent mediators. 
The 2 mediators were, at a given time point, represented by 
their simultaneous distribution. The simultaneous distribution 
was decomposed using the Bayes formula and each component 
was modelled separately. The mediation analysis was used to 
estimate the potential (pure) direct effect of IE and the (total) 
indirect effect of the mediators [25]. Confidence intervals (CIs) 
in the mediation analysis were determined by the standard 
error in a bootstrap sample of 500. The Aalen-Johansen esti-
mator was used to estimate the cumulative incidence of IS. SAS, 
version 9.4, was used for statistical analyses. Statistical signifi-
cance was defined as P < .05. Wald CIs and Wald tests were used 
throughout.

Ethical Considerations

The Danish Data Protection Agency approved the study. 
Informed consent is not required by Danish legislation for 
register-based studies.

Figure 1. Flow chart. Abbrevations: HS, hemorrhagic stroke; IE, infective endocarditis; IS, ischemic stroke. *Patients can have more than 1 of the diagnoses.
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RESULTS

Cohort Inclusion

A total of 12 426 individuals with a first-time IE were identified 
from the source population of 9 023 082 persons. Our further 
analysis, after exclusions and matching (Figure 1), included 
9312 IE exposed patients and 91  996 nonexposed persons 
(Table 1). In the final population, the median age was 66 years 
and 61% were men (Table 1). In total, a first-time IS occurred 
in 1149 patients with IE and in 8193 of the controls during the 
follow-up period.

Risk of Ischemic Stroke During the First 3 Months After a Diagnosis of 
Infective Endocarditis

The risk of IS was highest during the first 4 weeks after IE diag-
nosis (HR 57.20, 95% CI 45.58–71.78; P < .0001), and the risk 
from 4 weeks until 3 months after IE was moderately elevated 

(HR 5.40, 95% CI 4.11–7.19; Table 2). The higher HRs of IS 
in IE patients varied significantly by age, propensity score, and 
year of IE diagnosis, with a higher HR in younger persons and 
in those with a low propensity score (Supplementary Table 2). 
For variables included in the propensity score, cardiac surgery, 
congenital heart disease, diabetes mellitus, diverticulitis, hyper-
tension, antihypertensive medication use, and preexistent heart 
valve disease significantly modified the HRs of IS according to IE 
(Supplementary Table 2; insignificant variables included in the 
propensity score are shown in Supplementary Table 3). To fur-
ther investigate this, we adjusted for the interaction of age within 
the intervals of time since an IE diagnosis. The significance for 
cardiac surgery, congenital heart disease, and antihypertensive 
medication disappeared, whereas the other variables remained 
significant (Supplementary Table 4). A  mediation analysis 
was done to investigate whether some of the results could be 

Table 1. Characteristics in Persons Exposed and Nonexposed to Infective Endocarditis 

Characteristic at IE Diagnosis

Exposed to IE  
(n = 9312)

Nonexposed to IE  
(n = 91 996)

Standardized Difference, 
%n % n %

Male 5631 60.5 55 517 60.3 0.3

Comorbidity

 Alcohol abuse 539 5.8 5736 6.2 1.9

 Cancer 1538 16.5 15 289 16.6 0.3

 Cardiac surgery 1156 12.4 10 344 11.2 3.6

 Congenital heart disease 497 5.3 5201 5.7 1.4

 Diabetes mellitus 1149 12.3 11 697 12.7 1.1

 Antidiabetic medication 771 8.3 8054 8.8 1.7

 Diverticulitis 329 3.5 3297 3.6 0.3

 Hyperlipidemia 546 5.9 5027 5.5 1.7

 HIV infection 4 0.0 62 0.1 1.0

 Hypertension 1946 20.9 19 585 21.3 1.0

 Antihypertensive medication 3947 42.4 39 801 43.3 1.8

 Preexistent heart valve disease 2312 24.8 21 268 23.1 4.0

 Inflammatory bowel disease 208 2.2 1948 2.1 0.8

 Renal disease 806 8.7 7592 8.3 1.4

 Rheumatic heart disease 274 2.9 1796 2.0 6.4

Age at IE diagnosis, ya

 0–9 243 2.6 2320 2.5 0.6

 10–19 136 1.5 1325 1.4 0.2

 20–29 316 3.4 3047 3.3 0.5

 30–39 528 5.7 5181 5.6 0.2

 40–49 808 8.7 7874 8.6 0.4

 50–59 1342 14.4 13 275 14.4 0.1

 60–69 2040 21.9 20 165 21.9 0.0

 70–79 2338 25.1 23 256 25.3 0.4

 ≥80 1379 14.8 13 758 15.0 0.4

Year of IE diagnosisa

 1977–1986 1537 16.5 14 917 16.2 0.8

 1987–1996 1916 20.6 18 610 20.2 0.9

 1997–2006 2819 30.3 27 663 30.1 0.4

 2007–2015 3040 32.6 30 806 33.5 1.8

Abbreviations: HIV, human immunodeficiency virus; IE, infective endocarditis.
aThe matching date of nonexposed persons was termed their date of diagnosis.
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explained by an indirect effect of AF or mechanical valve inser-
tion. This analysis showed that the entire impact in this period 
of up to 3 months after IE was due to a direct effect of IE on 
IS (Table 3). In total, 2668 IE patients and 15 544 nonexposed 
persons had at least 1 period of anticoagulative medication use 
after an IE diagnosis. In the period from 4 weeks until 3 months 
after an IE diagnosis, anticoagulative medication was protective 
against IS (HR 0.30, 95% CI .10–.96; Supplementary Table 5). 
No hemorrhagic strokes were seen in this period.

In the analysis concerning anticoagulative medication use, 
we adjusted for all the variables in the propensity score (status at 
IE diagnosis) and for mechanical heart valve insertion and AF, 
as potential confounders of anticoagulative medication use and 
IS. To further investigate the variation within the time periods, 
a subanalysis was done, showing a higher risk during the first 
week after IE diagnosis, compared to the following weeks and 
months in this period (Supplementary Table 6).

Risk of Ischemic Stroke From 3 Months to 2 Years After a Diagnosis of 
Infective Endocarditis

The increased risk of IS persisted, but at a reduced level, for 
up to 2  years after an IE diagnosis (3  months to 2  years HR 
1.73, 95% CI 1.48–2.01; Table 2). In this period, age was the 
only factor modifying the HR, showing a higher HR in younger 
persons (Supplementary Table 2), which remained signifi-
cant when adjusting for the interaction of IE and propensity 
score quartiles (Supplementary Table 4). No indirect effect of 
AF or mechanical heart valve insertion was seen in this pe-
riod (Table 3), nor any effect of anticoagulative medication use 
(Supplementary Table 5).

Risk of Ischemic Stroke 2 Years After a Diagnosis of Infective Endocarditis

At 2 years after an IE diagnosis, the risk of IS was the same in 
IE patients as in the control group (HR 1.01, 95% CI .92–1.12). 
The patients were followed for a median of 6.3 (range 0–36.5) 
years. The HRs of IS in IE patients in this period varied by age, 
propensity score quartile, alcohol abuse, preexistent heart valve 
disease, and rheumatic heart disease, showing a higher im-
pact of IE on IS in younger patients, in patients with alcohol 
abuse, and in patients without preexistent heart valve disease 
or rheumatic heart disease (Supplementary Table 2), compared 
to persons without these comorbidities. The significance for 
rheumatic heart disease disappeared when adjusting for the in-
teraction between age and IE, but the other variables remained 
significant. Anticoagulative medication use did not have any 
impact on the risk of IS in this period (Supplementary Table 5).

Cumulative Incidence

The cumulative incidence of IS in IE patients was 5.2% after 
1 month, 6.0% after 3 months, 8.1% after 2 years, 12.0% after 
10 years, and 16.1% after 37 years (Figure 2).

DISCUSSION

This is the first cohort study to investigate the risk of IS 
in patients with IE over an extended follow-up period (up 
to 38.5  years). We found that the risk of IS was increased in 
patients with IE; the increased risk was highest during the first 4 
weeks after an IE diagnosis, but persisted for up to 2 years. After 
this, there was no increased long-term risk, compared to pro-
pensity score–matched controls. The higher risk of IS during 
the first 2 years could not be explained by the mediating factors 
of AF or insertion of a mechanical heart valve. Patients taking 
anticoagulative medication had a lower risk of IS, compared 
to those who did not take an anticoagulant during the first 
3 months after IE.

We found—as expected—a highly increased risk of IS during 
the first 4 weeks after IE diagnosis, and a moderately increased 
risk was seen in the period from 4 weeks to 3 months after IE, 
which is consistent with the previous literature [2, 3, 7, 8]. Due 
to the registry-based design, it can be difficult to determine the 

Table 3. Mediation Analysis: Direct and Indirect Effects of Atrial 
Fibrillation and Mechanical Heart Valve Insertion

Direct Effect HR (95% CI) Indirect Effect HR (95% CI)

0 to <4 wks 56.62 (44.62–71.84) 1.01 (.99–1.04)

4 wks to <3 mos 5.23 (3.88–7.04) 1.03 (.98–1.08)

3 mos to <2 y 1.67 (1.42–1.96) 1.01 (.97–1.06)

≥2 y 0.92 (.82–1.03) 1.05 (1.03–1.07)

Abbreviations: CI, confidence interval; HR, hazard ratio.

Table 2. Hazard Ratio of Ischemic Stroke After Infective Endocarditis Diagnosis, Compared to Persons Without Infective Endocarditis

Characteristics at IE Diagnosisa

Exposed to IE Nonexposed to IE

HR (95% CI) P ValueNo. of pts No. of IS (%) Rateb No. of persons No. of IS (%) Rateb

All … … … … … … … <.0001

 0 to <4 wks 9312 486 (5.2) 774 91 996 88 (0.1) 13 57.20 (45.58–71.78) …

 4 wks to <3 mos 7570  73 (1.0) 60 91 156 172 (0.2) 11 5.40 (4.11–7.10) …

 3 mos to <2 y 6749 187 (2.8) 19 89 397 1543 (1.7) 11 1.73 (1.48–2.01) …

 ≥2 y 4981 403 (8.1) 10 73 555 6390 (8.7) 10 1.01 (.92–1.12) …

Abbreviations: CI, confidence interval; HR, hazard ratio; IE, infective endocarditis; IS, ischemic stroke; pts, patients; w, week.
aThe matching date of controls was termed their date of diagnosis.
bPer 1000 person-years.
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precise timing of IS in this first period after IE, since we only 
had dates for hospitalizations and discharges, making it difficult 
to know whether the stroke occurred on the first day of hospi-
talization or later during the stay. This could have biased some 
of the estimates in this early period after IE, such as the low in-
cidence of IS (5.2%) during the first 4 weeks.

Previous studies have discussed the mechanisms and patho-
physiological conditions that might contribute to this increased 
risk of IS during the acute phase of IE. The morphology of the 
bacterial vegetation itself (size, localization, and mobility [26]) 
and the bacteria species [10, 27] that cause IE and act during 
the acute phase may impact the risks of embolic events. We 
did not have any information about vegetation morphology or 
causative microorganisms, which would have been rewarding 
for further analyses of subgroups. Also, as part of the host de-
fense against bacterial infections, platelets become activated 
during the acute phase of IE, which promotes coagulation and 
the proinflammatory cascade and contributes to vegetation for-
mation and the risk of embolism [26, 28]. The prothrombotic 
abnormality is also triggered and amplified by bacteremia, on-
going inflammation, and organ dysfunction, which contributes 
to a further shift towards a thrombophilic state in the hemo-
static system [29]. Therefore, the use of anticoagulative medica-
tion in patients with IE has been debated [30–33]. In our study, 
patients taking an anticoagulative medication during the first 

3 months after an IE diagnosis had a lower risk of IS, which is 
consistent with findings in a prospective cohort study of 587 IE 
episodes, where cerebrovascular complications were reported to 
be less frequent in patients with ongoing warfarin treatment (48 
patients) at the time of an IE diagnosis, compared to patients 
without a warfarin regimen [34] (6% [3/48] vs. 26% [141/539]; 
unadjusted odds ratio 0.2, 95% CI 0.06–0.6; P =  .006). Out of 
the cerebrovascular complications, ischemic infarction was the 
most common (67%). However, the study only investigated ce-
rebrovascular complications occurring during admission or 
during antibiotic treatment, so we cannot compare our long-
term results to this study. The risk of cerebral bleeding also needs 
to be kept in mind when debating anticoagulation medication 
use in IE patients [15], and randomized trials of anticoagulative 
medications in this patient group are lacking.

In addition to the increased risk in the acute phase of IE, we 
observed a persisting increased risk of IS in the period from 
3 months until 2 years after an IE diagnosis, although to a much 
lesser extent than during the first 3 months. This increased risk 
does not seem to be modified by any other factors than age. 
The cause of this persisting increased risk is unexplained. It is 
possible that the inflammatory reactions that are present during 
IE [35] might contribute to the increased risk of stroke [36] 
during follow-up. Several studies have stated that inflammation 
itself acts an important trigger for IS, even if IE is not present, 

Figure 2. Cumulative incidence of IS in patients with and without IE. The full black line represents IE-exposed persons; the full gray lines indicate 95% CIs for IE-exposed 
persons; the stippled black line indicates nonexposed persons; and the stippled gray lines indicate 95% CIs for nonexposed persons. Abbreviations: CI, confidence interval; 
IE, infective endocarditis; IS, ischemic stroke.
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although the underlying mechanisms are largely unclear [37, 
38]. Many patients with IE also suffer from AF, which is also a 
common cause of IS [38]. Paroxysmal AF is sometimes difficult 
to diagnose and treat, and could be a potential contributor to 
the persisting increased IS risk. In a prospective study of 507 
patients, comparing IE patients with and without AF, cerebral 
embolization was not more common in the group with new-
onset AF or paroxystic AF, compared to those in sinus rhythm 
[5], which is in agreement with the lack of indirect effects of AF 
observed in our mediation analysis for this period. However, 
in that study, patients with paroxystic AF also received more 
anticoagulative medications, compared to patients in sinus 
rhythm, which probably affected the result. Furthermore, sys-
temic bacterial infections, even if cardiac involvement is absent, 
represent an independent risk factor for embolic events up to 
180 days after the infection [38, 39]. Humoral factors influencing 
thrombocyte adherence and thrombus adhesion, such as and 
P- and E-selectin [40] and antiphospholipid antibodies [41], 
might also contribute to the persisting increased risk of throm-
boembolic events. Several of the mechanisms present during 
the acute phase might also contribute to the increased risk of IS 
following the first 3 months after IE.

In our study, there was no long-term effect of IE on IS after 
2 years. In contrast to our study, in a population-based cohort 
study of IE patients surviving the initial hospitalization, a boot-
strap analysis with the start of follow-up 2 years after discharge 
for IE showed a continued increased risk of IS (HR 1.25, 95% 
CI 1.04–1.50; P < .02) [14]. The differences might be due to that 
study’s exclusion of patients who died during an IE hospitaliza-
tion and the inclusion of subsequent episodes of IS after IE, as 
opposed to our use of only the first-time episodes; these factors 
might explain the higher rate in their study.

The increased risk of IS for up to 2 years after IE might call for 
a longer follow-up period of the IE patients, to evaluate whether 
the use of anticoagulative medication is indicated. However, the 
mechanisms involved and the methods to find patients at high 
risk for IS need to be investigated in future studies.

Limitations and Strengths

There are several limitations. No analysis was performed to 
compare discharge ICD codes and information in the patients’ 
medical files in this population; however, a previous study 
has shown that the validity of the IE diagnosis from the NPR 
provides a valid source for identifying IE for research [42]. That 
study did only analyze ICD-10 codes, but the positive predic-
tive value for patients admitted ≥2 weeks were 90%. Our study 
had no restrictions with respect to admission length, but we 
made an analysis to compare HRs for IE patients admitted ≥2 
weeks with the overall cohort, which showed consistent results 
(Supplementary Table 7). Also, differentiation between ischemic 
and hemorrhagic strokes and hemorrhagic transformation of an 
IS can be difficult when relying only on registry data. However, 

a sensitivity analysis showed that the HRs for IS in IE patients 
were the same in the period before 1994 (ICD8) compared to 
the period after 1994 (ICD10; Supplementary Table 8). Journal 
reviews and the inclusion of computed tomography-scanning 
results (available since the 1980s) [43] could have been inter-
esting, but we unfortunately did not have access to these data in 
this historical cohort. The information of which microorganism 
caused the IE and which of the left-sided heart valves was af-
fected would have been of value, since Staphylococcus aureus and 
mitral valve involvement are known to be significant risk factors 
for stroke in IE patients [6, 34]. Our mediation analysis also 
concluded that the entire effect on the increased risk of IS was 
due to IE: however, other reasons, apart from AF and mechan-
ical heart valves, may have contributed to this increased risk.

This study has several major strengths. First, the register-
based design, covering a whole nation with free access to health 
care, limits the risk of a selection bias. Also, the completion of 
these registries minimizes losses to follow-up. All diagnostic 
coding was performed by the treating physicians: the data did 
not originate from administrative registries. The use of propen-
sity score matching makes the compared groups balanced with 
respect to the measured covariates [43].

In conclusion, we observed the well-known, highly increased 
risk of IS in patients with IE, compared to IE-free individuals, 
during the acute phase of IE, and a moderately increased risk 
that persisted for up to 2 years after an IE diagnosis. There was 
no further long-term effect of IE on the risk of IS. The increased 
risk for up to 2 years after an IE diagnosis was not due to an 
indirect effect of AF or inserted mechanical valves. IE patients 
receiving anticoagulative medication had a lower risk of IS than 
those who did not, from 4 weeks to 3 months after IE.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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