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Patients with Comorbidity
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Abstract:
Objective The purpose of this study was to present the recent clinical profiles and the real-world manage-

ment of infective endocarditis (IE).

Methods All medical records of patients with IE were reviewed retrospectively for their clinical data, in-

cluding clinical presentation, laboratory results, blood cultures, echocardiographic findings, treatments and

complications. Using the clinical data collected, we calculated the EuroSCORE II, the European risk score

for adult cardiac surgery, the Charlson Comorbidity Index as a surrogate of comordibity, and the Katz Index

as a surrogate of frailty.

Results Thirty-eight patients were identified as having IE (24 men, age: 71.8±13.1 years). Congestive heart

failure occurred in 16 patients (42%), stroke in 14 (50%), and systemic embolism in 5 (13%). The Euro-

SCORE II and Charlson Comorbidity Index were high (7.7±5.8% and 5.5±2.8%, respectively). The Katz In-

dex was fair (5.5±1.4) before the onset but deteriorated to 2.8±2.7 at the time of establishing the diagnosis of

IE (p<0.001). Early surgery was performed in 22 cases (61%). In-hospital death occurred in 10 cases (26%).

A EuroSCORE II �9%, Staphylococcus aureus etiology, and a Charlson Comorbidity Index were suggested

as determinants of in-hospital death (hazard ratios: 173.60, 9.31, 1.57, respectively). In contrast, early surgery

was suggested as a determinant of the survival (hazard ratio: 0.04). The Charlson Comorbidity Index was

also suggested as a determinant for selecting conservative management (odds ratio: 1.40).

Conclusion Comorbidity may influence the treatment selection and outcome of elderly patients with IE.
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Introduction

Infective endocarditis (IE) has shown increased morbidity

and mortality and has become the third-most common life-

threatening infection syndrome (1). Although the overall in-

cidence of IE is relatively low and remains stable, the char-

acteristics of IE patients have changed. The incidence of IE

caused by Staphylococcus aureus has increased, while the

spectrum of IE patients has shifted towards an older popula-

tion with a higher frequency of healthcare contact, prosthetic

valves and other implantable cardiac devices and a lower

rate of rheumatic heart disease. In addition to these epidemi-

ological changes, new diagnostic and therapeutic challenges

have been developed (2). Although the role of early surgical

intervention in patients with IE has been controversial in the

past (3-5), the latest IE guidelines have clearly defined the

criteria indicating early surgery (2). One multicenter cohort

survey found that more than 50% of patients with active IE

undergo valve surgery during initial hospitalization, before

completing a full therapeutic course of antibiotics, even

though cardiac surgery carries significant risk for the pa-

tient (6, 7). However, only one small, randomized trial has

been conducted to examine the role of early valve surgery in

the management of IE (8). In addition, the definition of

“early surgery” differs among studies. It is therefore impor-
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tant for the management of a potentially fatal disease such

as IE to be based on scientific guidelines that are constantly

updated with new evidence.

Japan is one of the world’s most industrialized countries

and is confronting issues arising from a declining birthrate

and an aging society; however, investigations of the inci-

dence and characteristics of IE are relatively limited (9-12),

and the most recent nationwide registry of IE was published

in 2013 (13). In combination with aging, patient comorbid-

ity and frailty are emerging clinical factors that have been

associated with refusing surgical treatment (14, 15) or

poorer outcomes after cardiac surgery (16-19).

Therefore, in the present study, we reviewed all medical

records of IE in the past decade at a community hospital

and collected data concerning the Charlson Comorbidity In-

dex, which can predict the 10-year survival in patients with

multiple comorbidities (20, 21), and the Katz Index of ac-

tivities of daily living (ADL), a widely accepted measure of

frailty in elderly individuals (22). We herein report the most

recent clinical profiles of IE and its real-world management.

Materials and Methods

The medical records of adult patients with IE (over 18

years of age) hospitalized between January 2006 and De-

cember 2016 at the Japan Self-Defense Forces Central Hos-

pital were reviewed retrospectively. The Japan Self-Defense

Forces Central Hospital is a community-based hospital with

300 beds and outpatient care services authorized to treat pa-

tients with health insurance coverage in Japan and serves as

a secondary emergency designated hospital located in the

southern Tokyo Metropolitan area. This institute was

founded to admit both Japan Self-Defense Forces personnel

and citizens, including local residents, and has taken in pa-

tients referred by Mishuku Hospital, a neighboring

community-based hospital with 250 beds, for cardiac sur-

gery in accordance with agreements made between the Min-

istry of Defense and the National Public Officers Mutual

Aid Association Federation headquarters.

Patients with suspected IE were managed in a coordinated

manner by one of several clinical departments, including

general internal medicine, cardiology, infectious disease and

cardiovascular surgery. Clinical interventions including car-

diac surgery were introduced after discussions at a multi-

disciplinary conference, taking into account the patient’s

symptoms, hemodynamic conditions, results of laboratory

and imaging examinations, comorbidities, frailty, interven-

tion risks and personal wishes, in accordance with the latest

IE guidelines by the European Heart Society revised in

2004 (23) and 2015 (24), the American Heart Association

guidelines revised in 2005 (25) and 2015 (2), and the Japa-

nese Circulation Society guidelines revised in 2008. Surgical

indications were based on the above-mentioned guidelines,

and surgery was performed for patients with the following:

congestive heart failure (>moderate) despite the introduction

of standard heart failure therapy; persistent infection with

positive blood cultures after one week of antibiotic therapy

or infection with highly resistant organisms; recurrent em-

bolic events with persistent vegetation; valve dehiscence,

perforation, rupture or fistula, or a large perivalvular ab-

scess; and vegetation (>10 mm) or persistent vegetation after

systemic embolization.

We collected clinical data, including clinical presentation,

laboratory results, blood cultures, echocardiographic find-

ings, treatments (antibiotic therapy and/or surgical interven-

tions) and complications (congestive heart failure, stroke,

systemic embolization and in-hospital death). We identified

IE cases according to the modified Duke criteria of “defi-

nite” (26) or “probable” with pathological confirmation by

surgical specimens or autopsy. Definitions of the clinical

variables were based on published reports by the Interna-

tional Collaboration on Endocarditis-Prospective Cohort

Study (ICE-PCS) Investigators (6, 27). Systemic emboliza-

tion was defined as embolism to any major arterial vessel,

excluding stroke. Persistent positive blood cultures were de-

fined as blood cultures positive after 72 h of adapted antibi-

otic therapy. Healthcare-associated IE consisted of either no-

socomial or non-nosocomial acquired infection, where noso-

comial healthcare-associated IE was defined as IE occurring

in a patient hospitalized for >48 h and non-nosocomial

healthcare-associated IE was defined as signs or symptoms

consistent with IE developing before hospitalization in pa-

tients with extensive out-of-hospital contact with healthcare

interventions. Surgery (valve replacement and/or valve re-

pair) was defined as “early”, if the surgical procedure was

required during the initial hospitalization to minimize the

chance of further clinical deterioration based on the previ-

ously reported study (6). Patients who had not been selected

for early surgery were considered to have received conserva-

tive management, namely a full course (six weeks) of intra-

venous antibiotic therapy and additional elective surgery if

required.

We calculated the time interval from the initial manifesta-

tion to the establishment of the diagnosis, the time interval

from the diagnosis to the surgery, the number of transtho-

racic echocardiographic examinations required to establish

the diagnosis of active IE, and the hospitalization period.

The cause of death was inquired about for each patient who

died during the index hospitalization. The EuroSCORE II, a

European risk scoring system for adult cardiac surgery that

includes the presence of IE as one of its clinical vari-

ables (28), as well as the Society of Thoracic Surgeons En-

docarditis Score (STS-IE) (29), was calculated based on the

clinical information at the time of establishing the diagnosis

described in the medical records in order to estimate the op-

erative mortality (�9: extra high risk, 6-8: high risk, 3-5:

medium risk, 0-2: low risk). Similarly, we calculated the up-

dated Charlson Comorbidity Index at the time of establish-

ing the diagnosis as the measure of comorbidity (�3: high-

risk of death from comorbid disease in 10 years) (21), the

Sequential organ failure assessment (SOFA) score at the

time of establishing the diagnosis as a surrogate of the se-
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verity of organ failure by sepsis (>11: severe) (30) and the

Katz Index before the initial manifestation of IE as the

measure of frailty (6: excellent, 3-5: fair, 0-2: poor) (22). In

addition, we repeated the calculation of the Katz Index at

the time of establishing the diagnosis and at the time of dis-

charge if the patient survived in order to evaluate any

change in the patient’s functional status as a consequence of

interventions.

The study protocol was approved by the Institutional Re-

view Board of the Japan Self-Defense Forces Central Hospi-

tal. The study conformed to the principles outlined in the

Declaration of Helsinki.

Data are shown as the mean±standard deviation. For cate-

gorical variables, the chi-squared test or Fisher’s exact test

was performed. For continuous variables, an unpaired Stu-

dent t-test was performed for comparisons between two

groups, and a paired Student’s t-test was performed for re-

peated measures. A Cox’s proportional hazard model analy-

sis was performed to assess the determinant factors of in-

hospital death using a p value of <0.1 as the cut-off. Cumu-

lative survival probability plots were generated using the

Kaplan-Meier method. A logistic regression analysis (for-

ward selection) was performed to assess the determinant fac-

tors of conservative management using a p value of <0.1 as

the cut-off. All statistical analyses were conducted using the

SPSS 11.0J software program (SPSS, Chicago, USA), and p

values of <0.05 were considered statistically significant.

Results

Demographic characteristics

First, we screened patients with a diagnosis of IE among

the discharge records between January 2006 and December

2016. Then, by reviewing medical records, 33 patients were

identified as being “definite” IE patients based on positive

echocardiographic findings and blood culture results (32 pa-

tients) or positive echocardiographic findings and negative

blood culture results accompanied by more than three IE

symptoms (one patient). There were no “definite” IE pa-

tients with positive blood culture results and negative echo-

cardiographic findings accompanied by more than three IE

symptoms. Finally, by reviewing pathology reports, an addi-

tional five patients were identified as IE patients with patho-

logical evidence (four by surgical specimens, one by

autopsy). Therefore, in total, 38 cases were identified as

having active IE and are summarized in Table 1.

There were 24 men and 14 women a mean 71.8±13.1

years of age (range 44 to 92 years). The median time inter-

val from the onset to the diagnosis was 8.0 days (interquar-

tile range, 19). Twenty-three cases (61%) were diagnosed

within two weeks after the onset, whereas in two cases, the

diagnosis was made more than three months after the onset.

The EuroSCORE II at the time of establishing the diagnosis

was high (7.7±5.8%). The Charlson Comorbidity Index at

the time of establishing the diagnosis was also high (5.5±

2.8%). The SOFA score at the time of establishing the diag-

nosis was moderate (7.0±2.8). The Katz Index, which was

5.5±1.4 before the onset, deteriorated to 2.8±2.7 at the time

of establishing the diagnosis of IE (p<0.0001) and recovered

to 4.7±1.9 at the time of discharge if the patient survived (p

=0.005). There was a discrepancy between the severity of

sepsis measured by the SOFA score and the functional status

measured by the Katz Index. Although the SOFA score at

the time of establishing the diagnosis was not significantly

different between elderly patients (�80 years, 14 patients)

and younger patients (<80 years, 26 patients) (7.7±2.2 vs.

6.6±3.0, p=0.249), the Katz Index at the time of establishing

the diagnosis was significantly different between these two

groups (1.4±2.1 vs. 3.5±2.8, p=0.019). This suggests that

elderly IE patients were more vulnerable to sepsis and

tended to become dependent in their daily living.

Microbiological and echocardiographic variables

The results of the microbiological and echocardiographic

studies are shown in Table 2. The major causative organisms

were S. aureus in 12 cases (32%) and viridans streptococci

in seven cases (18%), followed by coagulase-negative

staphylococci in 16 cases (16%).

Transthoracic and/or transesophageal echocardiography

detected the presence of vegetations in 31 cases (82%), ab-

scess formation in seven cases (18%), valvular perforation in

three cases (8%) and dehiscence in three cases (8%). The

number of transthoracic echocardiographic examinations re-

quired for establishing the diagnosis was 1.4±0.7. In two

cases, transthoracic echocardiography could not detect the

pathological lesions. Transesophageal echocardiography was

performed in 74% of all patients (100% of patients with sur-

gery and 38% of patients without surgery).

Management and complications

The choices of antibiotic therapy, surgical intervention

and the complications during hospitalization are shown in

Table 3. In 16% of patients, the results of blood cultures

were repeatedly negative; thus, empiric antibiotic therapy

was indicated. In all survivors among the patients who un-

derwent both early surgery and conservative management, a

full course (six weeks) of intravenous antibiotic therapy was

completed during hospitalization and was followed by oral

antibiotic therapy, if necessary. Early surgery was selected in

58% of patients (22 cases including four cases with pros-

thetic valve). Indications for early surgery were moderate to

severe congestive heart failure despite the introduction of

standard heart failure therapy (eight cases), persistent posi-

tive blood cultures (one case), recurrent emboli with persis-

tent vegetation (one case), larger vegetations (>10 mm)

(eight cases), abscess formation (five cases) and dehiscence

(three cases). There were only six patients without any sur-

gical indications (16%). In other words, in most patients

(84%), surgical intervention was indicated. Even among pa-

tients treated using conservative management (16 cases),

63% (10 cases) had surgical indications. The median time
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Table　1.　Demographic Characteristics.

Age, years 71.8±13.1 (44-92)

Male gender 24 (63%)

Predisposing background

Decayed teeth/periodontitis 4 (11%)

Chronic kidney disease 5 (13%)

Diabetes mellitus requiring medication 5 (13%)

Chronic liver disease 8 (21%)

Cancer 7 (18%)

Valvular heart disease 15 (40%)

Cerebral vascular disease 10 (26%)

Declined cognitive function 11 (29%)

Healthcare-associated infection 4 (11%)

Prosthetic valve infection 5 (13%)

Intracardiac device infection 4 (11%)

Symptoms at the onset

Fever 29 (76%)

Stroke 4 (11%)

Systemic embolization 2 (5%)

Congestive heart failure 1 (3%)

Asymptomatic 2 (5%)

Time interval from the onset to diagnosis, days# 8 (19)

Less than 2 weeks 23 (61%)

More than 3 months 2 (5%)

EuroSCORE II2 7.7±5.8

Charlson Comorbidity Index2 5.5±2.8

Katz Index1 5.5±1.4

Katz Index2 2.8±2.7*

Katz Index3 4.7±1.9†

Sequential organ failure assessment (SOFA) score2 7.0±2.8

Duration of the hospitalization, days 54.0±49.4

1before the onset, 2at the time of establishing the diagnosis, 3at the time of discharge 

(including only survived patients).

*p<0.05 vs. before the onset, †p<0.05 vs. at the time of establishing the diagnosis, 

#median value (interquartile range).

interval from the diagnosis to early surgery was two days

(interquartile range, 5.3).

The most common complication was congestive heart fail-

ure in 16 patients (42%), followed by stroke in 14 (37%)

and systemic embolism in five (13%). In one case, acute

myocardial infarction due to coronary embolization occurred

and induced fatal ventricular fibrillation. After early surgery,

newly developed stroke (cerebral hemorrhaging) was ob-

served in only one patient (3%) but was fatal. In-hospital

death occurred in 10 patients, and the overall mortality rate

was high (26%). However, there was a significant difference

in the in-hospital mortality between patients undergoing

early surgery (two patients with in-hospital death) and those

receiving conservative management (eight patients with in-

hospital death) (9% vs. 50%, p=0.006). The causes of death

were pneumonia in four patients (11%), stroke in three

(8%), congestive heart failure in one (3%), renal failure in

one (3%) and myocardial infarction in one (3%).

Determinants of the in-hospital death or survival

from IE and of conservative management

Table 4 shows the results of the univariate analysis and

Cox’s proportional hazard model analysis for predicting the

in-hospital mortality. Only the variables with p<0.1 by a

univariate analysis are shown. An extremely high Euro-

SCORE II (�9%), S. aureus etiology and a Charlson Comor-

bidity Index were suggested as determinants of in-hospital

mortality (hazard ratios: 173.60, 9.31, 1.57; p=0.002, 0.023,

0.007; respectively). Early surgery was suggested as a deter-

minant of the survival from IE (hazard ratio: 0.04, p=0.035).

Figure shows the results of Kaplan-Meier cumulative sur-

vival probability plots with a log-rank test, which demon-

strated a significantly worse survival in those in the Euro-

SCORE II extra-high-risk category (�9%) and Charlson

Comorbidity Index high-risk category (�3) and with S.
aureus etiology (p=0.036, 0.042, 0.030, respectively) and a

better survival in those undergoing early surgery (p=0.014).

Table 5 shows the results of the univariate analysis and

forward logistic regression analysis for predicting conserva-
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Table　2.　Microbiological and Echocardiographic Variables.

Microbiological study

Coagulase-negative staphylococci 6 (16%)

Staphylococcus aureus 12 (32%)

MSSA 10 (26%) 

MRSA 2 (5%)

Enterococcus Faecalis 2 (5%)

Viridians Streptococci 7 (18%)

HACEK group 0 (0%)

Others 5 (13%)*

Fungi 0 (0%)

Culture negative 6 (16%)

Echocardiographic study

Left ventricular ejection fraction, % 64.2±9.2

Vegetation presentation 31(82%)

Size of vegetation, mm 12.1±4.9

Size of vegetation >10 mm 21 (55%)

Adhesion sites of vegetation

Aortic valve 11 (29%)†

Mitral valve 18 (47%)

Tricuspid valve 1 (3%)

Left ventricular wall 2 (5%)

Pacemaker lead 1 (3%)

Abscess formation 7 (18%)

Perforation 3 (8%)

Dehiscence 3 (8%)

Fistula 0 (0%)

Number of times of TTE required to establish the diagnosis 1.4±0.7

TEE performance 28 (74%)

*including one case with Streptococcus bovis, †including three bicuspid aortic valve 

cases.

MSSA: methicillin-sensitive Staphylococcus aureus, MRSA: methicillin-resistant 

Staphylococcus aureus, HACEK: Haemophilus species, Aggregatibacter species, Car-

diobacterium hominis, Eikenella corrodens and Kingella species, TTE: transthoracic 

echocardiography, TEE: transesophageal echocardiography

tive management. Only the variables with p<0.1 by a uni-

variate analysis are shown. The Charlson Comorbidity Index

was suggested as the only significant determinant for the se-

lection of conservative management (odds ratio: 1.40, p=

0.031).

Discussion

By reviewing medical records of IE in the past decade at

a community-based hospital, we presented the most recent

profile and issues regarding the management of IE. This

study has three main findings. First, unique characteristics

were observed in the study cohort, including old age, high

operative risk, comorbidity and a fair but easily deteriorating

Katz Index. Second, early surgery was associated with a

lower in-hospital mortality rate than conservative manage-

ment. Third, EuroSCORE II �9%, S. aureus etiology,

comorbidity measured by the Charlson Comorbidity Index

and conservative management without early surgery were

suggested as determinants of in-hospital death in this IE co-

hort. Furthermore, comorbidity was suggested as a signifi-

cant determinant for the selection of conservative manage-

ment.

According to a recent large French observational study,

elderly patients (age >70) made up 38.7% of all IE cases,

and the incidence in men peaked between 75 and 79 years

of age (31). Peculiarities of IE in the elderly, including pre-

disposing background, symptoms, microbiological and echo-

cardiographic studies, management and outcomes, are dis-

cussed in several studies from European countries (32-37).

However, very few data have been published regarding IE in

the elderly population of Japan. Nakatani et al. reported a

Japanese nationwide registry (CADRE-IE) in 2013 (13). The

Japanese cohort in CADRE-IE had a mean age of 59.5±13.1

years (about 11 years younger than our patients), a predomi-

nance of tooth decay or periodontitis as a background condi-

tion (31%), a predominance of viridans streptococci as the

causative organism (38%) and the aortic valve as most com-

monly affected (59%). In contrast, the IE cohort in our

study had a less common background of tooth decay or pe-

riodontitis (11%) and a predominance of S. aureus etiology

(32%), mitral valve involvement (47%) and comorbidities
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Table　3.　Management and Complications.

Management 

Antibiotic treatment

Empiric therapy 6 (16%)

Absence of evident surgical indications 6 (16%)

Surgical interventions

Early surgery 22 (58%)

Conservative management with elective surgery 1 (3%)

Conservative management without surgery 15 (40%)

Indications for early surgery

Congestive heart failure >moderate 8

Persistent positive blood cultures after 1 week antibiotics 1

Recurrent emboli with persistent vegetation 1

Abscess formation 5

Dehiscence of the prosthesis 3

Size of vegetation >10 mm 8

Time interval from the diagnosis to the surgery, days# 2.0 (5.3)

Complications

Congestive heart failure 16 (42%)

Stroke 14 (37%)†

Systemic embolization 5 (13%)

Coronary artery 1 (3%)

Liver and spleen 4 (11%) 

Lower extremities 1 (3%)

Persistent positive blood cultures 4 (11%)*

In-hospital mortality 10 (26%)

Cerebral embolism 2

Cerebral hemorrhage 1*

Renal failure 1 

Pneumonia 4*

Congestive heart failure 1

Myocardial infarction 1

*including one case after early surgery, †including one cerebral hemorrhage, #median 

value (interquartile range).

such as a decreased cognitive function (29%), cerebral vas-

cular disease (26%), chronic liver disease (21%) and cancer

(18%), which was concordant with the findings in the

previously-mentioned large-scale studies with elderly pa-

tients (32-37). Therefore, it can be said that the profile of

elderly patients with IE in this study tends to be similar to

those in European countries.

Aging itself is not a contraindication for surgery (32). In

our study, surgical treatment was performed in 60% of the

total cohort, and early surgery was performed in 58%. The

in-hospital mortality rate of early surgery was lower than in

patients receiving conservative management (9% vs. 50%).

Furthermore, early surgery was an independent predictor of

the survival from IE. Thus far, only a few studies evaluating

surgical therapy in elderly patients with IE have been re-

ported, showing lower rates of surgery and worse clinical

outcomes than in younger patients (38, 39). In those studies,

the rate of performing surgery was significantly lower in

elderly patients with surgical indications than in younger pa-

tients with surgical indications (41% vs. 76%) (39). There-

fore, there may be a potential selection bias in elderly pa-

tients who were operated on with a resultant high mortality

rate (48%). Furthermore, surgery was performed within a

median 12 to 14 days following the establishment of the di-

agnosis. In our study, surgery was performed more fre-

quently (72%) in patients with evident indications (22 early

surgery, one elective surgery) within a median two days af-

ter the establishment of the diagnosis, which was a shorter

period than in the prior study. In addition, the proportion of

S. aureus-caused IE was not markedly different between pa-

tients with early surgery and those with conservative man-

agement. These facts might have contributed to the relatively

good surgical outcomes seen in our study.

Recently, Wang et al. reported that the perioperative prog-

nostic value of the EuroSCORE II for IE patients was simi-

lar to that of STS-IE (40). In that study, the patients’ mean

age was 48.8 years, and the in-hospital mortality was 6.8%,

with an EuroSCORE II of 9.1%. The in-hospital mortality

of patients undergoing early surgery in our study was

slightly higher (9.1%) than in Wang’s study, and the Euro-

SCORE II was slightly lower at 7.4%. However, these dif-

ferences seem to be relatively negligible, considering the

very high in-hospital mortality rate of conservative manage-

ment (50%) in our elderly IE cohort. Thus, the outcomes of
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Figure.　(a) The survival according to the management selection (early surgery vs. conservative 
management). (b) The survival according to EuroSCORE II ≥9. (c) The survival according to the 
presence of Staphylococcus aureus etiology. (d) The survival according to Charlson Comorbidity In-
dex ≥3.

Table　4.　Univariate Analysis and Cox’s Proportional Hazard Model Analysis for Determining In-
hospital Mortality.

Death (n=10) Survival (n=28) p value HR 95% CI p value

Cancer 5 (50%) 2 (7%) 0.027

Chronic liver disease 5 (50%) 5 (18%) 0.010

Healthcare-associated IE 3 (30%) 1 (4%) 0.019

EuroSCORE II1 ≥9% 5 (50%) 6 (21%) 0.087 173.60 6.74-4475.27 0.002

Charlson Comorbidity Index1 7.6±2.5 4.7±2.7 0.004 1.57 1.06-2.31 0.023

Katz Index1 1.0±1.9 3.4±2.7 0.015

SOFA score1 8.4±3.2 6.5±2.5 0.060

Staphylococcus. aureus etiology 6 (60%) 6 (21%) 0.024 9.31 1.86-46.70 0.007

Vegetation presentation 10 (100%) 21 (75%) 0.080

Early surgery 2 (20%) 20 (71%) 0.005 0.04 0.002-0.80 0.035

1at the time of establishing the diagnosis.

HR: hazard ratio, CI: confidence interval, IE: infective endocarditis, SOFA: sequential organ failure assessment

Table　5.　Univariate Analysis and Logistic Regression Analysis for Selection of Conservative Management.

Conservative (n=16) Early surgery (n=22) p value OR 95% CI p value

Age 77±12 68±13 0.034

Diabetes mellitus requiring medication 0 (0%) 5 (23%) 0.041

Cancer 5 (31%) 2 (9%) 0.082

Declined cognitive function 7 (44%) 4 (18%) 0.086

Charlson Comorbidity Index2 6.8±3.0 4.6±2.4 0.016 1.40 1.03-1.91 0.031

Katz Index1 5.0±2.1 5.9±0.5 0.055

Katz Index2 1.7±2.6 3.5±2.6 0.036

Empiric therapy of antibiotics 0 (0%) 6 (27%) 0.023

Absence of evident surgical indications 6 (37%) 0 (0%) 0.002

1before the onset, 2at the time of establishing the diagnosis.

OR: odds ratio, CI: confidence interval
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early surgery in our study may be considered acceptable and

encouraging.

Making the decision to operate has resulted in several is-

sues specific to elderly patients, due to the increase in mor-

tality rates seen following surgical interventions for the car-

diovascular system (41, 42). Bach et al. reported that inter-

vention was not performed in 41% of elderly patients with

severe aortic valve stenosis, despite the existence of

guideline-recommended indications (43). Comorbidities in

elderly patients, such as neurological dysfunction, chronic

renal insufficiency and respiratory infection, are reported to

be associated with refusal of surgical treatment (14, 15). As

mentioned above, in our study, surgery was performed in

72% of patients with evident indications, with the rest

(28%) of the patients not receiving surgical intervention.

Comorbidities, as measured using the Charlson Comorbidity

Index (rather than the operative risk and frailty, measured

using the EuroSCORE II and Katz Index, respectively),

seem to have strongly influenced the treatment selection for

each patient. These critical decisions were made during a

multi-disciplinary conference that included expert specialists

in our study. Instead of evaluating only a few factors pecu-

liar to the elderly patients, such as neuro-mental problems,

the total evaluation of comorbidities seems to have been

considered.

Frailty, which can be quantified as a patient’s functional

status using the Katz Index, has been associated with rela-

tively poor outcomes after cardiac surgery (16-18). There is

only one study that evaluated frailty in elderly patients who

were scheduled to undergo cardiac sugery (19). That study

showed the predictive value for frailty in perioperative risk

scoring, but it excluded IE cases. In our study, patients who

were selected for conservative management originally had

poor frailty, whereas those who were selected for early sur-

gery had fair frailty as measured by the Katz Index based on

the functional status before the onset of IE. However, the

Katz Index before the onset failed to show the prediction of

both the survival rate and selection for conservative manage-

ment. Beyond this result, a significant deterioration in the

functional status in elderly IE patients and its recovery by

surgical intervention were observed by the application of the

Katz index. Furthermore, a discrepancy between the severity

of sepsis and the functional status was observed. These find-

ings may offer new insight into the value of the Katz Index

in the management of IE, especially with elderly patients

whose condition tends to deteriorate in the acute phase of

IE.

In the cohort of this study, 22 patients (58%) were hospi-

talized within two weeks after the onset, although in two pa-

tients, hospitalization occurred more than three months after

the onset. These findings are higher than those observed in

the CADRE-IE registry, in which 40% of the patients were

hospitalized within two weeks after the onset and 9% more

than three months after the onset. A recent IE study in Japan

by infectious disease specialists criticized the delay in the

diagnosis of IE due to the inappropriate use of antibiot-

ics (12). In that study, the median time interval from the on-

set to the diagnosis was reported as 14 days, which was

longer than in our study (eight days). These facts ensure the

level of quality of healthcare in our study and may

strengthen the scientific basis of this single-institutional

study.

Several limitations associated with the present study war-

rant mention. First, we enrolled only definite IE patients as

per the Duke criteria or pathology and excluded probable IE

patients. Due to the retrospective study design, the identifi-

cation of definite IE patients by the review of medical re-

cords was more feasible and might be more accurate than a

review of probable patients. Although the size of the cohort

that contained only definite patients in this study might have

been smaller than that containing both definite and probable

patients, the collected data in the former cohort might be

more reliable. Consequently, our cohort was associated with

a very high rate of surgical indication (86%). Therefore, our

cohort might have mostly comprised patients with more ad-

vanced or “severe” stages of this disease than other clinical

studies. Second, transthoracic echocardiogram (TTE) missed

detecting pathological lesions in only two patients (5%) in

our cohort, which was a very low rate compared with other

studies. Logically, there are two possibilities for this: 1)

missing enrollment of IE patients with less evident TTE

findings that require serial TTEs and TEE for confirmation

or 2) the inability to diagnose such IE patients. In cases

with a more complex and longer diagnostic process to reach

the final judgment, it was sometimes difficult to locate the

key descriptions for the IE diagnosis during the medical re-

cords review. This might have caused patient identification

and enrollment to have been missed. However, we probably

could not have avoided these missing IE patients because of

the limitation of our retrospective reviewing method. Finally,

the sample size of the cohort of this study was small, and

the data were based on the clinical database of a single cen-

ter. For this reason, it is likely that institutional biases influ-

enced our results. Furthermore, due to the small sample size,

the results from multivariate analyses, such as the Cox’s

proportional hazard model and logistic regression analyses,

might not be perfectly reliable (sample-size bias). However,

as the cohort and the clinical variables were carefully se-

lected, we believe that sample-size bias might be minimized

in this study. Because of the above-mentioned limitations,

the results and conclusions from this study may not be gen-

eralizable to other institutions. Despite these limitations,

however, the findings of this study can be used to guide

larger and/or multicenter studies in the future.

Conclusion

Currently, IE is becoming more common in the Japanese

elderly population, which has features similar to those in

European countries. Comorbidities may influence the treat-

ment selection and outcomes of elderly patients with IE.
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