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Abstract

Objective—To determine the incidence and predictors of infective endocarditis in a population-

based cohort of mitral valve prolapse(MVP) patients.

Patients and methods—We identified all adult Olmsted County residents with MVP 

diagnosed by echocardiography from January 1989 to December 1998 and cross-matched them 

with the Rochester Epidemiologic Project-identified Olmsted County cases of infective 

endocarditis(IE) from January 1986 to December 2006. We retrospectively analyzed and de-novo 

confirmed each IE case using the modified Duke criteria.

Results—There were 896 Olmsted County residents with echocardiographic MVP diagnosis, 

mean age 53±21 years, 565(63%) women. Mean follow-up was 11±5 years. The 15-year cohort-

risk of IE after MVP diagnosis was 1.1±0.4%; incidence of 86.6[95% CI, 43.3–173.2]cases per 

100,000 person-years; age- and sex-adjusted relative-risk of IE in MVP of 8.1[95% CI: 3.6–18.0] 

compared to the County general population(P<.001). There were no IE cases in patients without 

prior diagnosed mitral regurgitation. Conversely, IE incidence was higher in MVP patients with 

≥moderate mitral regurgitation(289.5[108.7–771.2] cases per 100,000 person-years, P=.02 

compared to <moderate regurgitation), and in patients with flail leaflets(715.5[178.9–2861.0] 

cases per 100,000 person-years, P=.02 compared to no flail leaflet)
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Conclusions—The population-based incidence of IE in MVP adults is higher than previously 

reported in case-control tertiary care-center studies. MVP patients with ≥moderate mitral 

regurgitation or a flail leaflet are at notable risk of developing IE as compared to those without 

mitral regurgitation.

Introduction

Mitral valve prolapse(MVP) is a common valvular abnormality that affects approximately 

2–3% of the general population1, and constitutes the primary cause of chronic organic/

degenerative mitral regurgitation(MR) in developed countries, with a prevalence of 6 to 9% 

in patients older than 65 years2,3. MVP is characterized by billowing of one or both mitral 

leaflets at least 2 mm beyond the echocardiographic parasternal long-axis annular 

plane(Figure 1). Mitral leaflets can be further categorized as myxomatous or redundant 

when thickness of the leaflet is 5 mm or more4. Infective endocarditis(IE) is a serious 

condition associated to severe complications, including congestive heart failure, stroke, 

systemic emboli, abscess formation, and death in up to 25% of patients 5. Studies dating 20 

to 30 years back have suggested that patients with MVP exhibit an increased risk of IE; 

particularly men, patients with thickened leaflets and patients with a systolic murmur 4,6–8, 

however, these risks have never been directly compared with the general population. 

Historically, the incidence of IE in the general population has been variably estimated to be 

between 1.6 to 11.6 cases per 100,000 person-years 9–12. More recently, population-based 

studies in Olmsted County, MN, have estimated the incidence of IE in the general population 

to be 5.0 to 7.9 cases per 100,000 person-years 13,14.

Over the past three decades, some authors have published estimated incidence rates of IE in 

patients with MVP6,15–17. These studies concluded that patients with MVP have 

approximately 4 to 5 times greater risk to develop IE compared to the general population, 

and estimated an incidence of 14 IE cases per 100,000 MVP person-years15. However, these 

were case-control studies which identified MVP patients within IE cases referred to tertiary-

care centers and results were compared to the MVP prevalence in non-IE control groups; a 

methodology potentially leading to significant bias. Moreover, these studies were performed 

at a time when MVP was overdiagnosed due to imprecise echocardiographic criteria(i.e., 

before 1988)18, and IE definitions were also based on older criteria. In light of a changing 

landscape in IE prevention strategies(i.e., peri-procedural antibiotic prophylaxis)19, 

determining the true burden and predictors of IE in MVP becomes critical in shaping future 

recommendations. Thus, we sought to determine the incidence and predictors of IE as 

defined by current modified Duke criteria in a population-based community-cohort with 

contemporary echocardiographic diagnosis of MVP, and compare to the general population.

Methods

The Rochester Epidemiology Project(REP) is a research database that links together nearly 

all medical records of residents of Olmsted County, MN for approved medical research20. 

REP allows access to all echocardiograms obtained in Olmsted County, and provides a 

unique opportunity to pursue population-based studies in a geographically defined area(i.e., 

Olmsted County). Thus, we identified all adult patients from our echocardiogram database; 
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Olmsted County residents with MVP documented by echocardiography from January 1989 

to December 1998(including all patients reported by Avierinos et al.21). A second REP-

based electronic database was created that included all Olmsted County residents who were 

clinically diagnosed with IE from January 1986 to December 2006. We then cross-matched 

the two electronic databases and retrospectively analyzed and de-novo confirmed each IE 

case using the modified Duke Criteria22. Only patients with echocardiographically-

diagnosed MVP prior to first presentation with IE were considered cases of MVP with IE. A 

comorbidity sum of diseases index was calculated at baseline echocardiogram23. The study 

was approved by the institutional review board.

Echocardiography

Mitral valve prolapse was defined as ≥2mm systolic displacement of one or both leaflets 

beyond the annular plane in the transthoracic parasternal long axis view1,18,24(Figure 1). 

Diagnosis of flail leaflet was based on failure of systolic leaflet coaptation25, with rapid 

systolic movement of the involved leaflet tip within the left atrium26. Mitral regurgitation 

was graded semiquantitatively 27 with use of supporting and specific echocardiographic 

parameters, including PISA quantification28 when available. The MVP cohort was divided 

into 3 mutually exclusive echocardiographic groups for analysis: 1) no mitral 

regurgitation(no MR); 2) trivial, mild, mild-moderate MR(<moderate MR); and 3) moderate, 

moderate-severe or severe MR(≥moderate MR). In addition, from the ≥moderate MR group, 

patients with a flail mitral leaflet were also analyzed separately for IE incidence calculation 

within them.

Statistical analysis

Continuous variables are expressed as mean ± SD for continuous variables and percentage 

for categorical variables. Paired t-test and Chi-square were used for comparison between 

continuous and categorical data, respectively. IE rates were determined with the Kaplan–

Meier method. Association of baseline characteristics with the incidence of IE was analyzed 

with the Cox proportional-hazards method. The expected number of IE cases in the MVP 

cohort was estimated by applying the Olmsted County age- and gender-specific incidence 

rates of Tleyjeh et al.14. Event rates are summarized as events per 100,000 person years and 

95% confidence intervals were calculated assuming that the event rate followed a Poisson 

distribution. The authors had full access to and take full responsibility for the integrity of the 

data.

Results

MVP Patient Population

In the 10-year period from 1989 to 1998, there were 896 Olmsted County residents with 

MVP diagnosed by echocardiography. Mean age at baseline echocardiogram was 53±21 

years, 565(63%) were female. Left ventricular ejection fraction was 62±8%. Mean follow-up 

was 11±5 years. Of 896 echocardiograms, predominantly posterior leaflet prolapse was 

present in 273(31%) of patients, predominantly anterior prolapse in 204(23%), and bileaflet 

prolapse in 419(46%). Thirty-one(3.4%) had a flail mitral leaflet. Of 896 echocardiograms, 

140(16%) patients had no MR, 588(65%) had <moderate MR, and 168(19%) had ≥moderate 
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MR. The table presents baseline clinical and echocardiographic characteristics of patients 

stratified by MR group.

Infective Endocarditis Characteristics

During follow-up, of 896 MVP patients, 6 developed definite IE and 2 developed possible 

IE. Of these 8 patients, 5 were female and 3 were male(P=1.0). All cases involved a native 

mitral valve. Mean age at IE diagnosis was 62±22 years and mean time to IE from MVP 

diagnosis was 5±3 years. Recent dental work was documented for 2(25%) cases of IE, both 

without antibiotic prophylaxis. However, in both cases, dental work could not be established 

as definite source of infection. A source of infection was established in 2(25%) cases and 

included finger soft tissue abscess in one and deep wound infection s/p humeral head 

replacement in the other. There was no IE secondary to IV drug use. Identified pathogens 

included viridans group streptococci in 4(50%) patients, Staphylococcus aureus in 2(25%), 

Enterococcus sp. in 1 patient and Streptococcus pneumoniae 1 patient. Death or stroke did 

not occur in any IE patient. Emergent surgery was required in 2 cases. Recurrence of definite 

or possible IE occurred in 2(25%) of cases at 2 and 21 months after initial IE diagnosis.

Population-Based Rates of Infective Endocarditis

The 15-year cohort risk of IE after MVP echocardiographic diagnosis was 1.1±0.4%; 

incidence of 86.6[95% CI, 43.3–173.2]cases per 100,000 person-years(Figure 2). The 

general Olmsted County population incidence of IE has been reported at approximately 6.0 

[95% CI, 4.9–7.2] cases per 100,000 person-years14. Thus, the age- and sex-adjusted 

relative-risk of IE in MVP is 8.1[95% CI: 3.6–18.0] compared to the County general 

population(P<.001)(Figure 2).

Univariate predictors of IE included ≥ moderate MR(Hazard Ratio = 5.43[95% CI, 1.28–

23.05], P=.02)(Figure 3), and a flail mitral leaflet(HR = 11.05[1.62–48.07], P=.02)(Figure 

4). Age, gender, predominant prolapsing mitral leaflet, leaflet thickening, hypertension, 

coronary disease, congestive heart failure, aortic regurgitation, and atrial fibrillation were not 

predictors(all P>.05).

Mitral Regurgitation as a Risk Factor for Infective Endocarditis in MVP

Of 140 patients with no mitral regurgitation, none developed IE. Of 588 patients with 

<moderate MR, 4 developed IE(incidence = 63.3 [95% CI: 23.8–168.7] cases per 100,000 

person-years, 15-year rate= 0.77%±0.39%). Of 168 patients with ≥moderate MR, 4 

developed IE(incidence of 289.5 [108.7–771.2] cases per 100,000 person-years, 15-year 

rate= 3.84%±1.95%, HR=5.43 [1.28–23.05], P=.02 as compared to <moderate MR). Of 31 

patients with flail leaflet, 2 developed IE(incidence of (715.5[178.9–2861.0] cases per 

100,000 person-years, 15-year rate= 8.22%±5.59%, HR=11.05 [1.62–48.07], P=.02 as 

compared to no flail leaflet)(Figures 4 and 5).

Discussion

To our knowledge, we report for the first time the population-based incidence of IE in 

patients with contemporary echocardiographic diagnosis of MVP, based on the largest 
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geographically-defined MVP community-cohort with longest follow-up available for this 

purpose. Our study reports the incidence of IE in patients with echocardiographic MVP 

diagnosis to be approximately 87 cases per 100,000 person-years, which represents 

approximately 8 times the risk of IE in the general population. Prior studies reported wide 

variation in the estimated incremental relative risk of IE in MVP patients compared to non-

MVP patients(2.9 to 8.2) 6,15–17. Our observed IE incidence is clearly higher than the 

previously case-control-estimated incidence of 14 cases per 100,000 person-years15. 

Similarly, pooled previous studies had estimated that 1 out of approximately 6000 MVP 

patients would develop IE per year6,15,17, while our study predicts the occurrence of IE in 1 

out of approximately 1100 MVP patients per year, an important figure for MVP patients and 

their health care providers to recognize. This incidence underestimation from prior studies 

likely reflects overdiagnosis of MVP before 198818, resulting in an overestimated 

denominator of MVP patients at risk, and thus a lower incidence.

Interestingly, in a previous prospective study of 300 patients with MVP followed for a mean 

of 6 years29, 18(6%) developed IE, however, this inflated incidence likely resulted from all 

patients in this study being referred to a “tertiary center for further evaluation”29 and likely 

do not represent the natural history of MVP-related complications29.

The aforementioned case-control, tertiary-referral center studies also reported male gender 

and age to be associated with higher incidence of IE in MVP patients17. We did not find 

such associations in this large community cohort; development of IE was identical between 

genders and age at IE occurrence had a wide standard deviation suggesting significant 

variation in patient age at IE diagnosis. It is possible that previous case-control studies 

reflect a “sicker” tertiary-referral population where older men predominate. 

Notwithstanding, there was a predominance of women in our cohort which could have 

potentially attenuated an IE excess in men in our study. Indeed, population-based IE 

incidence in the general population has also been reported to be higher in men14.

Although IE is associated with significant mortality, there were no deaths from IE in our 

patient group. Significant complications of IE were also relatively uncommon. This could be 

the result of our community study-design while most prior studies were based on tertiary-

referral “sicker” patient populations. Nonetheless, our study was not designed to examine 

complications of IE in MVP, as this task would require analysis of numerous cases of MVP-

related IE.

High-risk subgroups

Astutely, in previous case series, investigators were able to determine the prevalence of 

MVP in patients with a history of a murmur before the development of IE, and found a 

significant association between the presence of a prior murmur and development of IE8,17,30. 

They estimated that 1 out of approximately 1900 MVP patients with a known murmur would 

develop IE per year17. Our study confirms this prior association but the incidences are 

significantly higher; while patients with no mitral regurgitation did not experience IE, the 

group with trivial, mild, and mild-moderate MR(<moderate MR) had a higher incidence of 

IE than the general population, but the rate was still relatively low at 63 cases per100,000 

person-years. However, the incidence of IE greatly increased in the moderate, moderate-
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severe and severe MR(≥moderate MR), and flail mitral leaflet groups; IE incidences of 290 

and 716 cases per100,000 person-years, respectively. Thus, our study predicts the occurrence 

of IE in 1 out of approximately 340 MVP patients with ≥moderate MR per year; or a 0.3% 

patient-year risk. This risk roughly doubles (approximately 0.6%)if a flail leaflet is present. 

These findings suggest that not only the presence, but more importantly the degree of MR in 

MVP plays a critical role in determining the risk of IE in patients with MVP. Our findings 

are congruent with the injury-thrombus-infection theory31 where mechanical and 

hemodynamic stress(i.e., MR) cause valvular endothelial erosion leading to formation of 

sterile microthrombi nidi where bacterial adhesion and colonization may occur during 

transient bacteremia, resulting in clinical and pathologic endocarditis. Our study strongly 

suggests that the mechanical stress imposed by MVP without regurgitation is not sufficient 

to result in clinical IE.

The 2007 endocarditis prevention guidelines based recommendations for peri-procedural 

antibiotic prophylaxis on the presence of underlying cardiac conditions with the highest risk 

of adverse outcome from IE, but also on the risk of acquisition of IE19; MVP patients with 

≥moderate MR or flail leaflets represent the highest spectrum of IE risk for this cardiac 

condition.

Strengths and Limitations

Despite the large patient number of our cohort and long-term follow-up, the absolute number 

of IE cases does not allow analysis of independent predictors of IE but only univariate ones. 

Although our study design is superior to the case-control tertiary-referral-based prior 

studies, it is a retrospective analysis with its inherent limitations. However, we confirmed 

each IE case de-novo by modified Duke criteria, and the highly morbid nature of IE makes 

overlooking IE cases highly unlikely. Although an attractive proposition, attempting to 

analyze and shed light on the complex issue of source-of-infection in IE, is beyond the scope 

of this investigation mostly due to limited absolute number of IE cases. Information on the 

spectrum of mitral valve pathology defined by echocardiography (i.e., fibroelastic deficiency 

versus myxomatous degeneration) was not available during the period studied. There may be 

differences in IE incidence between these valvular phenotypes which must be explored in 

prospective studies. A unique strength of our study was the ability to compare the MVP-

related IE incidence to the general IE incidence within the same geographically-defined 

population; Olmsted County. Also, we included patients after the year 1988 when current 

echocardiographic MVP definition became practice. In addition, our IE case follow-up 

ended in 2006 to avoid including IE cases after the prevention guidelines changed in 2007, 

and thus, prevent potential bias in our incidence calculations. Finally, our study population 

was comprised of adult patients who are predominantly white and of Northern European 

descent and results could differ in other demographic settings.

Conclusion

The population-based incidence of IE in MVP adults is higher than previously reported in 

case-control tertiary care-center studies. MVP patients with ≥moderate mitral regurgitation 

or a flail leaflet are at notable risk of developing IE compared to those without mitral 
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regurgitation. These findings may influence future endocarditis prevention guidelines, and 

should prompt attention from the research community to study prevention and treatment 

strategies for IE in MVP patients with mitral regurgitation.

Abbreviations

IE infective endocarditis

MVP mitral valve prolapse

MR mitral regurgitation

REP rochester epidemiologic project
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Figure 1. 
Transthoracic parasternal long-axis systolic frame shows prolapse of the mitral posterior 

leaflet (arrow) beyond the annular plane (long imaginary line traced between the anterior 

and posterior annulus). LV=left ventricle, Ao=aorta, LA=left atrium
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Figure 2. 
Kaplan-Meier curve depicts the observed IE risk for the entire MVP cohort versus expected 

IE risk in the general population
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Figure 3. 
Kaplan-Meier curves depict the IE risk in the MVP group with <moderate MR(including no 

MR, trivial, mild and mild-moderate) versus MVP with ≥ moderate MR

Katan et al. Page 11

Mayo Clin Proc. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Kaplan-Meier curves depict the IE risk in MVP group with flail leaflet(n=31) versus MVP 

with no flail leaflet(regardless of MR severity).
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Figure 5. 
Bar graph shows the incidences of IE per 100,000 person-years according to 

echocardiographic MR severity. Note that the flail group(n=31)is also shown separately
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TABLE

Baseline clinical and echocardiographic characteristics stratified by MR severity

Variable No MR n= 140 <Moderate MR n= 588 ≥Moderate MR n= 168 P value

Age, years 46±22 49 ± 20 70 ± 16 <.001a

Sex, Female (%) 68 67 47 <.001b

Comorbidity index 0.50±1.2 0.48±0.9 0.78±1.1 <.002b

Atrial fibrillation (%) 6 6 27 <.001b

Left ventricular EF (%) 61 ± 8 62 ± 7 61 ± 1 >0.5

Anterior leaflet n (%) 29 (21) 155(26) 20 (12) <.001c

Posterior leaflet n (%) 38 (27) 163(28) 72 (43) <.007b

Bileaflet n (%) 73 (52) 270(46) 76 (45) >0.20

a
Statistically significant between ≥moderate MR compared to the others. No MR vs. <moderate MR; P=.04.

b
Statistically significant between ≥moderate MR compared to the others, both <.001.

c
Only statistically significant between ≥moderate MR and <moderate MR
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