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I 
NFE01VEENDOCARDITISISASSOOATED 

with substantial morbidity and mor­
tality. Several published studies have 
reported in-hospital mortality of 15% 

to 20% and 1-year mortality of 40%.1 In 
the United States alone, approximately 
15 000 new cases of infective endocardi­
tis are diagnosed each year. 1 A variety of 
complications contribute to the high rates 
of morbidity and mortality in infective en­
docarditis, particularly heart failure (HF), 
which occurs in approximately 40% of 
patients. 2•

3 Several observational studies 

Author Video Interview available at 
www.jama.com. 

Context Heart failure (HF) is the. most common complication of infective endocarditis. 
However, clinical characteristifS l'ilf £lF in patients with infective endocarditis, use of sur­
gical therapy, and their associations with patient outcome are not well described. 

Objedives To determine the clinical, echocardiographic, and microbiological vari­
ables associated with HF in patients with definite infective endocarditis and to exam­
ine variables independently associated with in-hospital and 1-year mortality for pa­
tients with infective endocarditis and HF, including the use and association of surgery 
with outcome. 

Design, Setting, and Patients The International Collaboration on Endocarditis­
Prospective Cohort Study, a prospective, multicenter study enrolling 4166 patients with 
definite native- or prosthetic-valve infective endocarditis from 61 centers in 28 coun­
tries between June 2000 and December 2006. 

Mai'n Outcome Measures In-hospital and 1-year mortality. 

Results Of 4075 patients with infective endocarditis and known HF status enrolled, 1359 
_(}3.4% [95% Cl, 31.9%-34.8%]) had H~, and 906 (66.7% [95% Cl, 64.2%-69.2%]) 
"were classified as having New York Heart Association class Ill or IV symptom status. Within 
the subset with HF, 839 (61.7% [95% Cl, 59.2%-64.3%]) underwent valvular surgery 
during the index hospitalization. In-hospital mortalitywas29.7% (95% Cl, 27.2%-32.1 %) 
for the entire HF cohort, with lower mortality observed in patients undergoing valvular 
surgery compared with medicaltherapyalone(20.6% [95% Cl, 17.9%-23.4%]vs44.8% 
[95% Cl, 40.4%-49.0%], respectively; P<.001). One-year mortalitywas29.1% (95% 
Cl, 26.0%-32.2%) in patients undergoing valvular surgery vs 58.4% (95% Cl, 54.1%-
62.6%) in those not undergoing surgery (P< .001 ). Cox proportional hazards modeling 
with propensity score adjustment for surgery showed that advanced age, diabetes melli­
tus, health care-associated infection, causative microorganism (Staphylococcus aureus 
or fungi), severe HF (New York Heart Association class Ill or IV), stroke, and para valvular 
complications were independently associated with 1-year mortality, whereas valvular sur­
gery during the initial hospitalization was associated with lower mortality. 

Conclusion In this cohort of patients with infective endocarditis complicated by HF, 
severity of HF was strongly associated with surgical therapy and subsequent mortality, 
whereas valvular surgery was associated with lower in-hospital and 1-year mortality. 
lAMA. 2011;306(20):2239-2247 
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have shown a mortality benefit for val­
vular surgery in infective endocarditis 
complicated by HF, 2 and this indication 
for surgery is strongly recommended in 
current American College of Cardiology/ 
American Heart Association and Euro­
pean Society of Cardiology guidelines. 4.5 

The patient characteristics associated 
with HF in those with infective endocar­
ditis are not clearly defined. Furthermore, 
the use and timing of valvular surgery in 
patients with infective endocarditis and 
HF have been evaluated, with conflicting 
results. Several studies have reported no 
reduction of in-hospital mortalitywith val­
vular surgery compared with medical 
therapy alone, 6-Swhereas other investiga­
tors have observed an early and sustained 
mortality benefit. 2•9 

The objectives of thepresentstudywere 
to determine the clinical, echocardio­
graphic, and microbiological variables as­
sociated with the development of HF in 
patients with definite infective endocar­
ditis and to examine variables indepen­
dendy associated with in-hospital and 
1-year mortality for patients with infec­
tive endocarditis and HF, including the 
use and effects of surgery on outcome. 

METHODS 

Data from the International Collaboration 
on Endocarditis-Prospective Cohort 
Study(ICE-PCS)wereusedforthisstudy. 
The background and inclusion criteria of 
this prospective, multicenter, international 
registtyofinfectiveendocarditis have been 
reported.10•11 Between june 2000 and De­
cember 2006, 4166 patients with definite 
native- or prosthetic-valve endocarditis 
by the modified Duke criteria from 61 cen­
ters in 28 countries were enrolled.12 The 
ICE-PCS database is maintained at the 
Duke Clinical Research Institute, which 
is the coordinating center for International 
Collaboration on Endocarditis studies. In­
formed consent (oral or written) was ob­
tained from patients as needed according 
toinstitutionalreviewboardorethicscom­
mittee guidelines at each center. 

Patient Selection 
and Data Collection 

Patients were identified prospectively 
using site-specific procedures to ensure 

consecutive enrollment.10·12
•
13 To pro­

vide a cross-sectional, prospective char­
acterization of infective endocarditis and 
in-hospital outcome, patients were 
enrolled in ICE-PCS if they met crite­
ria for possible or definite infective 
endocarditis based on modified Duke 
criteria.13 Only patients with definite 
infective endocarditis were included in 
the current study. To preserve the 
assumption ofindependence of obser­
vations, only the first episode of infec­
tive endocarditis recorded for an indi­
vidual patient during study enrollment 
was used in the analysis. 

The method of data collection for ICE­
Pes has been reported. 14 Briefly, a stan­
dard case report form was used at all sites 
to collect data. This case report form in­
cluded 275 variables and was devel­
oped by the International Collabora­
tion on Endocarditis according to 
standard definitions. Data were col­
lected during the index hospitalization 
and entered at the coordinating center 
or by site investigators using an Internet­
based data entry system. 

To describe longer-term outcome of 
infective endocarditis, sites enrolling pa­
tients in ICE-PCS were queried in 2008 
regarding 1-year outcome of these pa­
tients. An additional case report form was 
used to collect data retrospectively from 
the date of index hospital admission to 
1 year. One-year outcome was deter­
mined by site investigators using medi­
cal records and national death records, 
as available. 

Definitions 

The definitions used in the ICE-PCS data 
set have been described.14 The presence 
of HF was determined by physicians at 
each enrolling site based on clinical 
symptoms, signs, and laboratory and ra­
diographic findings. 15 Severity of heart 
failure was categorized according to New 
York Heart Association (NYHA) func­
tional classification.14 Paravalvular com­
plication was defined as transthoracic 
or transesophageal echocardiographic 
evidence of intracardiac abscess or fis­
tula.16·17 Health care-associated infec­
tive endocarditis was specified as noso­
comial or nonnosocomial acquisition of 
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health care-associated infective endo­
carditis.18·19 Stroke was defined as acute 
development of a neurologic deficit of 
vascular origin lasting more than 24 
hours. 14 Prosthetic valve was defined as 
any nonnative valve (eg, mechanical, bio­
prosthetic, homograft, or autograft) or 
annuloplasty ring. 

Statistical Analysis 

Patient demographic and clinical vari­
ables were evaluated with counts and 
percentages in contingency tables or with 
medians and interquartile ranges (IQRs). 
The statistical significance of the asso­
ciations between congestive heart fail­
ure and these variables were assessed 
using the Kruskal-Wallis test for con­
tinuous measures and the Fisher exact 
test for cross-classifications of categori­
cal data. Risk estimates for in-hospital 
mortality are presented as odds ratios 
(ORs) and 95% confidence intervals. As­
sociations with P< .05 were consid­
ered statistically significant; all signifi­
cance tests were 2-sided. 

Multivariable logistic regression mod­
eling to evaluate surgical treatment for 
endocarditis was performed to deter­
mine the factors independendy associ­
ated with surgery among patients with 
HF. This model included all demo­
graphic and clinical variables consid­
ered a priori by an experienced cardi­
ologist (A.W.) to contribute to surgical 
treatment of endocarditis and included 
age in, 4 categories (:545 years, 46-60 
years, 61-70years, >70years), sex, geo­
graphic region (North America, South 
America, Europe, other), time since first 
manifestation of infective endocarditis, 
transfer from another facility, diabetes 
mellitus, hemodialysis, injection drug 
use, valve status (native, prosthetic), lo­
cation of infective endocarditis (left- or 
right-sided), health care-associated 
infective endocarditis, new valvular re­
gurgitation, intravascular vegetation, 
paravalvular complications, stroke, em­
bolization, persistent bacteremia, NYHA 
class Ill or IV ( vs NYHA class I or II), 
positive blood culture result, and caus­
ative microorganism. The patients' prob­
abilities for surgical treatment derived 
from this model were used to cal-



culate inverse probability of surgery 
weights as described previously,20 and 
these were used as weights in propor­
tional hazards models. 

To evaluate the factors associated 
with mortality among patients with HF, 
proportional hazards models were fit for 
in-hospital mortality and for oall mor­
tality through 1 year after discharge. 
These models included as variables the 
patient demographic and clinical data. 
To account for individual differences 
in time between admission and sur­
gery, surgery was modeled as a time­
dependent factor. These models were 
further weighted by the inverse prob­
ability of treatment using the propen­
sity score for surgery, which we de­
rived from the logistic model previously 
described. All analyses were per­
formed using SAS version 9.2. 

RESULTS 
The study population is shown in 
FIGURE l. Within the ICE-PCS cohort 
of patients with definite infective endo­
carditis andknownHF status (n=4075), 
HF was present in 1359 (33.4% [95% 
CI, 31.9%-34.8%]) and absent in 2716 
(66.6% [95%CI,65.2%-68.1%]). Heart 
failure status was not specified in an 
additional91 patients (2.2% [95% CI, 
l. 7%-2.6%]). Among the patients with 
HF, the distribution of HF severity 
included NYHA class I symptom sta­
tus in 37 patients (2. 7% [95% CI, 1.9%-
3.6%]), NYHA class II in 205 (15.1% 
[95% CI, 13.2%-17.0%]), NYHA class 
III in 390 (28. 7% [95% CI, 26.3%-
31.1%]), NYHAclassiVin5I6 (38.0% 
[95% CI, 35.4%-40.5%]), and unspeci­
fiedHF severityin211 (I5.5% [95% CI, 
13.6%-17.5%]). During the years of 
patient enrollment, the percentage of 
patients with infective endocarditis and 
HF ranged from 30% to 35%, without 
variation in incidence. For 2457 patients 
with available chest radiography data 
(before the removal of this variable from 
the case report forms in August 2005), 
radiographic evidence of pulmonary 
edema was present in 6 of 23 (26.1% 
[95% CI, 8.1%-44.0%]) patients with 
NYHA class I symptoms, 35 of 124 
(28.2% [95% CI, 20.3%-36.1 %]) with 

INFECTIVE ENDOCARDITiS AND HEART FAILURE 

Figure 1. Study Population of Patients With Infective Endocarditis 

I 
4166 Pabents with definite infective 

I endocarditis identilied 

. 
r-J 91 Excluded (unknown heart failure status) 

l 4075 With definite infective endocarditis 
and known heart failure status enrolled 

+ 
1359 With heart failure I 2716 With no heart failure I 

37 NYHA class I 
205 NYHA class II 
390 NYHA class Ill 
516 NYHA class IV 
211 Unspecified severity 

+ 
839 Underwent valvular surgery 111168 Underwent valvular surgery I 
514 Did not undergo vaivular surQI)ry 1535 Did not undergo valvular surgery 

6 Unknown surgical s)atuS' ~ -... 13 Unknown surgical status 

NYHA class II symptoms, 99 of 251 
(39.4% [95% CI, 33.4%-45.5%]) with 
NYHA class III symptoms, and 194 of 
312 (62.2% [95% CI, 56.8%-67.6%]) 
with NYHA class IV symptoms. 

The baseline characteristics of the 
overall study population are shown in 
TABLE 1. Older age, transfer from an­
other hospital, health care-associated 
infection, new ·or worsening murmur, 
left-sided native-valvular infection with 

"'hew aortic or mitral regurgitation, and 
paravalvular complications were sig­
nificantly more common in patients 
with HF. For patients with infective en­
docarditis with or without HF, the 
prevalence of congenital heart disease 
(8.7% [95% CI, 7.3%-10.4%] vs 9.8% 
[95% CI, 8.7%-11.0%], respectively) 
and predisposing native-valve disease 
(33.5% [95% CI, 31.0%-36.1 %] vs 
31.0% [95% CI, 29.3%-32.8%], respec­
tively) were not statistically different. 

Of the 1359 patients with HF, 839 
(61.7% [95% CI, 59.2%-64.3%]) under­
went valvular surgery during the initial 
hospitalization, compared with 1168 
(43.0% [95% CI, 41.1%-44.9%]) with­
out HF (OR, 2.15 [95% CI, 1.88-2.45]; 
P< .001) (Figure 1). The frequency of 
valvular surgery by year did not change 
consistently during the study period 
(range, 44%-53%). In addition, the me­
dian duration from hospital admission 
to surgery did not differ between the 

groups with and without HF (7 [IQR, 
2-18] daysvs8 [IQR,3-20] days,P=.10). 
Surgical valvular procedures included 
aortic valve surgery (n=612, including 
mechanical valve replacement in 2 7 4, 
xenograft biologic replacement in 192, 
homograft in 60, repair in 21, and 
autograft in 6);. mitral valve surgery 
(n= 4 29, including mechanical valve re­
placement in 204, xenograft biologic re­
placement in 108, and repair in 106); 
and tricuspid valve surgery (n=93, in­
cluding repair in 59, xenograft biologic 
replacement in 19, and mechanical valve 
replacement in 7). For patients with 
heart failure iii infective endocarditis, 
clinical characteristics as a function of 
surgical therapy are shown in TABLE 2. 
One hundred twenty-six of240 (52.5% 
[95% CI, 46.2%-58.8%]) patients with 
NYHA class I or II symptoms and 572 
of 904 (63.3% [95% CI, 60.1%-
66.4%]) with NYHA class III or IV symp­
toms underwent surgery. 

The presence ofHF with infective en­
docarditis was associated with signifi­
cantly higher in-hospital mortality 
when compared with infective endo­
carditis without HF (29:7% [95% CI, 
27.2%-32.1%] VS 13.1% [95% CI, 
11.8%-14.4%], respectively; OR, 2.80 
[95% CI, 2.38-3.29];P<.001). Theme­
dian duration of hospitalization for pa­
tients with HF (28 [IQR, 15-4 7] days) 
was similar to that for patients with-
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Table 1. Comparison of Patients With or Without Heart Failure Complicating Infective 
Endocarditis 

No.(%) 

Heart Failure No Heart Failure p 
Characteristic (n = 1359) (n = 2716) Value 

Age, median (IQR), y 59.4 (47.4-73.2) 56.9 (43.5-71 .3) <.001 

Men 914 (67.3) 1858 (68.5) .41 

Region 
North America 247 (18.2) 456(16~] 
South America 164 (12.1) 205 (7.5) 

<.001 
Europe 707 (52.0) 1391 (51.2) 

Other 241 (17.7) 664 (24.4) 

Transferred from another facility 672 (49.9) 1113 (41.4) <.001 

Diabetes mellitus 257 (19.4) 434 (16.1) .01 

Hemodialysis 93(6.8) 198 (7.3) .65 

Congenital heart disease 115 (8.7) 257 (9.8) .30 

Predisposing native-valve disease 443 (33.5) 829 (31.0) .11 

Health care--associated infection 339 (26.2) 586 (22.7) .02 

New or worsening murmur 822 (60.5) 1213 (44.7) <.001 

Causative microorganism 
Staphylococcus aureus 381 (28.0) 833 (30.7) .09 

Viridans group streptococcus 206 (15.2) 510 (18.8) .005 

Infective endocarditis 
Left-sided, native valve 871 (64.1) 1533 (56.4) <.001 

Left-sided, prosthetic valve 244 {18.0) 459 (16.9) .40 

Right-sided vegetation only 116 (9.1) 413 (16.1) <.001 

New aortic regurgitation 597 (44.9) 719 (27.2) <.001 

New mitral regurgitation 577 (43.1) 857 (32.3) <.001 

Paravalvular complication 426 (31.8) 561 (20.9) <.001 

Abbreviation: IQR, interquartile range. 

outHF (29 [IQR, 16-44] days) (P=.63). 
Patients with HF who underwent sur­
gical intervention had a significantly 
lower unadjusted in-hospital mortal­
ity rate compared with patients with HF 
not undergoing surgery (20.6% [95% 
CI, 17.9%-23.4%] vs 44.7% [95% CI, 
40.4%-49.0%], respectively; P< .001). 
Among patients with NYHA class I or 
II HF, the mortality rate in surgically 
treated patients was 7.9% (95% CI, 
3.2%-12. 7%), vs 15.0% (95% CI, 8.5%-
21.6%) in those not surgically treated 
(P= .03); for those with NYHA class Ill 
or IV HF, corresponding mortality rates 
were 23.4% (95% CI, 20.0%-26.9%) vs 
54.5% (95% CI, 49.2%-59.9%), respec­
tively (P< .001) (FIGURE 2). 

Survival status at 1 year after index 
admission date was available for 1202 
of 1358 patients (88.5%); 544 of 1358 
patients with HF during the index hos­
pitalization (40.1% [95% CI, 37.6%-
42.8%]) had died. The 1-year mortal-

ity rate was 29.1% (244/839 [95% CI, 
26.0%-32.2%]) for patients treated with 
surgery vs 58.4% (300/514 [95% CI, 
54.1 %-62.6%]) for patients treated with 
medical therapy alone during the in­
dex hospitalization (relative risk, 0.50 
[95% CI, 0.43-0.57]; P<.001). 

To reduce the potential selection bias 
for the use of surgery, propensity score 
adjustment (area under the curve, 0. 797 
for the multivariable model) by inverse 
probability weighting was performed 
(TABLE 3). In the Cox proportional haz­
ards model with surgery included as a 
time-dependent covariate to account for 
survivor treatment bias, severity ofHF 
(NYHA class Ill or IV), age older than 
70 years, causative microorganism, 
duration of infective endocarditis symp­
toms before diagnosis, diabetes melli­
tus, stroke, and paravalvular compli­
cations were independently associated 
with in-hospital death (Table 3). Sur­
gery during the initial hospitalization 
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was statistically associated with a lower 
risk of in-hospital mortality (OR, 0.66 
[95% CI, 0.56-0.77]). 

The association between surgery and 
lower in-hospital mortality was evident 
across the quintiles of surgical propen­
sity and most prominent in quintiles 3 
and 4 (FIGURE 3). The distribution of 
propensity scores for surgically and 
nonsurgically treated patients demon­
strated that 29% of patients with pro­
pensity scores in quintiles 3, 4, or 5 
(propensity score >0.6) did not have 
surgery during the index hospitaliza­
tion (eFigure, available at http://www 
.jama.com). In a manner similar to that 
for in-hospital outcome, 1-year mor­
talitywas independently associated with 
age older than 70 years, diabetes melli­
tus, and paravalvular complications of 
infective endocarditis, as well as health 
care-associated infection, causative mi­
croorganism, and severity of HF, with 
a higher survival rate for patients hav­
ing surgery during the index hospital­
ization in a propensity-adjusted analy­
sis (Table 3). 

COMMENT 

Heart failure is a common complica­
tion of infective endocarditis and a ma­
jor influence on the high morbidity and 
mortality associated with this serious 
condition. The main findings of the cur­
rent study, to our knowledge the larg­
est prospective, multinational evalua­
tion of HF in patients with infective 
endocarditis to date, are that (1) HF was 
strongly related to new or worsening 
left -sided valvular regurgitation, rather 
than to predisposing heart conditions 
(eg, previous native-valve disease, pres­
ence of a prosthetic valve, or congen­
ital heart disease) or causative micro­
organism; (2) despite a high incidence 
of severe HF and its poor prognosis, less 
than two-thirds of patients with infec­
tive endocarditis and HF underwent 
surgery, which was more frequently 
performed in younger patients with se­
vere HF and paravalvular complica­
tions; and (3) surgery was associated 
with a significant reduction in in­
hospital and 1-year mortality after ad­
justment for selection and survival bi-
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Table 2. Characteristics of Patients With Infective Endocarditis and Heart Failure Associated With Surgery a 

No. (%} [95% Cl] 

Surgery No Surgery p 
Characteristic (n = 839) (n = 514) Value OR(95%CI) 

Age, y 
S45 22{) (26.2) [23.2-29.2] 66 ~'-~ ~.8-15.~ ] 4.60 (2.75-7.69) 
46-60 242 (28.8) [25.8-31.9] 117 (22.8) [1 9.1-26.4] 

<.001 
3.11 (2.02-4.80) 

61-70 183 (21.8) [1 9-24.6] 88 (17.1) [13.9-20.4] 2.92 (1.93-4.42) 

>70 194 (23.1) [20.3-26.0] 244 (47.5) [43.2-51.8] 1 [Reference] 
Men 605 (72.1) [69.1-75.1] 305 (59.3) [55.1-63.6] <.001 NAb 

Region 
North America 144 (17.2) [14.6-19.7] 102 0 9.8)[16.4-23.3] J 
South America 113 (13.5) [11.2-15.8] 51 (9.9) [7.3-12.5] 

.004 NAb 
Europe 454 (54.1) [50.7-57.5] 250 (48.6) [44.3-53.0] 

Other 128 (15.3) [12.8-17.7] 111 (21.6) [18.0-25.2] 

2:1 mo since first infective endocarditis manifestation 234 (27.9) [24.9-30.9] 65 (12.6) [9.8-15.5] <.001 1.69 (1.12-2.54) 

Transferred from another facility 485 (57.8) [54.5-61.1] 186 (36.2) (32.0-40.3] <.001 1.83 (1.33-2.51 
Diabetes mellitus 125 (14.9) [12.5-17.3] 131 (25.5) [21.7-29.3] <.001 

Hemodialysis 35 (4.2) [2.8-5.5] / 57 [1 .1) [8.4-13.8] <.001 0.36 (0.18-0.75) 

Left-sided, native-vaive infective endocarditis 565 (67,.3) [64.2-70.5] 302 (58.8) [54.5-63.0] .002 1.61 (1.06-2.44) 

Health care-associated infection 164 (1 9.5) [16.9-22.2] ' 172 (33.5) [29.4-37 .5] <.001 NAb 

Causative microorganism 
Staphylococcus aureus 179 (21.3) [18.6-24.1] 200 (38.9) [34.7-43.1] <.001 0.52 (0.31-0.86) 

Viridans group streptococcus 139 (16.6) [14.1-19.1] 67 (13.0) [10.1-15.9] .09 

NYHA class Ill or IV 572 (68.2) [65-71.3] 332 (64.6) [60.5-68.7] .003 2.15 (1.49-3.11) 

New valve regurgitation 698 (83.2) [80.7-85.7] 336 (66.4) [61.3-69.5] <.001 1.79 (1.23-2.60) 

Paravalvular complication 327 (39.0) [35.7-42.3] 99 (19.3) [15.9-22.7] <.001 3.07 (2.15-4.39) 

Stroke 153 (18.2) [15.6-20.8] 135 (26.3) [22.5-30.1] <.001 NAb 

Abbreviations: NYHA, New York Heart Association: OR, odds ratio: NA, not applicable. 
a ORs and Cis calculated from the multi variable logistic model used to determine tihe propensity score for surgical treatment. 
b Not statistically significant in munivariable model. 

ases and across the spectrum of HF 
severity and surgical propensity. 

Previous studies have reported a 
prevalence ofHF·with left-sided infec­
tive endocarditis ranging from 19% to 
44%. 9•21-23 In the present work, HF oc­
curred in 33% of definite cases of in­
fective endocarditis, with a high per­
centage of severe (NYHA class Ill or IV) 
symptoms occurring shortly after di­
agnosis of endocarditis. Clinical char.­
acteristics previously associated with 
the development ofHF in patients with 
infective endocarditis include new heart 
murmur, aortic valve infective endo­
carditis, high comorbidity index, and 
severe valvular regurgitation. 22 Our 
findings confirm these earlier results 
and suggest that a greater degree of new 
valvular regurgitation was related to the 
development ofHF. Of note, preexist­
ing heart conditions, such as native­
valve disease, presence of a prosthetic 
valve, congenital heart disease, and a 
causative microorganism such as 
Staphylococcus aureus, were not asso-

cia ted with HF ·in patients 'with infec­
tive endocarditis. 

r " Heart failure in the setting of valvular 
dysfunction and left-sided infective en­
docarditis is a widely accepted indication 
for valvular surgery and is a class I guide-
line recommendation from the American 
College of Cardiology/ American HeartAs-
sociation and the European Society of Car­
diology. 4•

5 Surgical treatment of infective 
endocarditis and HF was performed in 
62% of patients with active infection in 
this multicenter study, a rate higher than 
rates reported in other series, 2.IS and early 
in the course of active infective endocar­
ditis. In addition to the presence of heart 
failure alone as an indication for surgery, 
our study has identified a number of other 
factors that increased the likelihood of 
surgery for HF in patients with infective 
endocarditis, including severity of HF, 
younger age, paravalvular complication, 
and transfer from another hospital. 

Thesefactors suggest that surgery was 
performed in patients with the most se­
rious complications of infective endocar-

Figure 2. In-Hospital Mortality Rates for 
Patients With Infective Endocarditis and Heart 
Failure as a Function of Surgical Treatment 

·#. 

Surgery No Surgery Surgery No Surgery 

NYHA Class 1-11 NYHA Class III-IV 

No. of 126 114 572 332 
patients 

Fisher exact P < .05 for surgery vs no surgery in the New 
York Heart Association (NYHA) class 1-11 cohort; P<.001 
for surgery vs no surgery in the NYHA class III-IV co­
hort. Error bars indicate 95% confidence intervals. 

ditis (eg, severe HF, paravalvular com­
plications) who had acceptable operative 
risk Patients with less severe HF (NYHA 
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Figure 3. In-Hospital Mortality Rates for Surgically vs Nonsurgically Treated Patients Across 
Propensity Quintiles 

2 3 4 5 
Propensity Quintile 

Propensity, mean (range) 0.249 0.480 0.653 0.803 0.913 
(0.021-0.376) (0.376-0.577) (0.577-0.728) (0.728-0.864) (0.864-0.976) 

No. of patients 
No surgery 
Surgery 

148 
44 

97 
94 

61 
130 

48 
143 

10 
181 

Fisher exact P<.001 for surgery vs no surgery in propensity quintile 3; P<.01 for surgery vs no surgery in 
propensity quintile 4. Error bars indicate 95% confidence intervals. 

class I or II) may have been treated medi­
cally with improvement or resolution of 
HF symptoms, thus attenuating the in­
dication for surgery. Improved recogni­
tion of HF and institutional systems to 
promote appropriate treatment of infec­
tive endocarditis may enhance the rate 
of surgery for this indication. For instance, 
N-terminal pro-B-type natriuretic pep­
tide level may be a more sensitive marker 
of HF presence and severity in patients 
with infective endocarditis, and recent 
small studies have found that patients with 
infective endocarditis and elevated lev­
els of the peptide had poorer event-free 
survival. 24

•
25 Earlier recognition ofheart 

failure in infective endocarditis may ex­
pedite surgical intervention, including 
transfer to a facility with surgical capa­
bility and expertise, before hemodynamic 
status deteriorates or other complications 
develop. In addition, management- or 
protocol-based approaches to treatment 
of infective endocarditis have been found 
to reduce 1-year mortality of infective en­
docarditis and improve compliance with 
antimicrobial therapy and surgical indi­
cations but without increasing the over­
all surgery rate. 26 Our frnding that nearly 
one-third of patients with HF and high 
surgical propensity did not have surgery 

emphasizes the need for such multi­
disciplinary, guideline-based manage­
ment of infective endocarditis. 

The in-hospital mortality rates re­
ported in smaller studies ofleft -sided in­
fective endocarditis and HF have ranged 
from 24% to 43%7

•
21

•
22

•
27 and have been 

associated with uncontrolled infection, 
major neurologic event, and5 au reus in­
fective endocarditis. 22 Later onset ofHF 
in the course of infective endocarditis 
has also been associated with higher mor­
tality.28 In the present study, severity of 
HF was the strongest predictor of both 
in-hospital and 1-year mortality, al­
though surgical treatment significantly 
reduced mortality at early as well as later 
points after propensity adjustment for 
this intervention. In a recent, single­
center study without adjustment for se­
lection or survival bias, valvular surgery 
was performed in 46% of patients with 
left -sided infective endocarditis and HF, 
which was also associated with lower in­
hospital and 1-year mortality but notre­
lated to the severity of HF. 22 An earlier 
study used propensity matching to ad­
just for characteristics of patients treated 
with surgery and found that the survival 
benefit of surgery on 6-month outcome 
in infective endocarditis was limited to 
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those patients with severe (NYHA class 
III or IV) HF, with no survival benefit 
in patients with no or mild HF. 2 

In the current study, the association 
between surgery and survival for HF in 
patients with infective endocarditis was 
apparent across the spectrum ofHF se­
verity. Although the relationship with 
absolute mortality risk reduction was 
greater for patients with advanced, NYHA 
class III or IV symptoms, an association 
with lower mortality was also presentfor 
patients with NYHA class I or II symp­
toms. However, the association between 
surgical treatment and 1-year survival 
was greatest in patients with higher pro­
pensity for surgery. The in-hospital mor­
tality rate for surgically treated patients 
was 20%, higher than that reported in 
other studies (8%-15%),2

•
18

•23 and poten­
tially related to the severity of HF and 
other adverse prognostic factors. In are­
cent study of the Society ofThoracic Sur­
gery Adult Cardiac Surgery Database of 
19 543 operations performed for infec­
tive endocarditis from 2002-2008, op­
erative mortality was 8.2%, but active en­
docarditis was present in only 52% of 
cases and was independently associated 
with a 2-fold higher mortality rate. 29 

Our study has several limitations. The 
diagnosis and severity ofHF were deter­
mined by physicians at the individual 
centers using symptoms, signs, and/or ra­
diographic findings at the time of study 
enrollment and are subject to variabil­
ity and-potential bias. Measurement of 
left ventricular ejection fraction was not 
collected in this registry, although the 
majority of patients in this study had left­
sided infective endocarditis with acute 
valvular regurgitation, and the preva­
lence ofHF in our population was con­
sistent with previous studies 9f infec­
tive endocarditis. 2•

18 Furthermore, 
physician assessment of heart failure se­
verity by NYHA classification corre­
lated with radiographic evidence of pul­
monary edema, a more specific but less 
sensitive diagnostic criterion. Time of 
heart failure symptom onset was not 
collected. Selection bias resulting from 
the nonrandomized use of surgery has 
the potential to influence the results of 
observational data analysis, and clinical 
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reasons for lack of surgical treatment of 
HF in patients with infective endocar­
ditis, including all variables needed to cal­
culate operative risk by validated car­
diac surgery models (eg, Society of 
Thoracic Surgery or euroSCORE), were 
not available. Although surgery was per-

formed early in the treatment of infec­
tive endocarditis in our cohort, the as­
sociation between surgical timing and 
outcome was not evaluated, although a 
recent study found higher operative mor­
tality iii. urgent cases or active infective 
endoc~rditis. 29 

Despite the use of propensity score ad­
justment to reduce selection bias and 
proportional hazards modeling to re­
duce survival bias, other variables not 
evaluated may confound the results of 
this analysis. A nonmatching propen­
sity score method was used to avoid a sig-

Table 3. Cox Proportional Hazards Modeling of Variables Independently Associated With In-Hospital and 1-Year Mortality, With Propensity 
Adjustment for Cardiac Surgery 

In-Hospital Mortality 1-Year Mortality 

Variable No./Total (%) [95% Cl] HR(95% Cl) No./Total (%) [95% Cl] HR(95% Cl) 

Age,y 
:545 1 04/1 036 (1 0.0) [8.2-11.9] 1 [Reference] 158/1 040 (15.2) [13.0-17 .4] 1 [Reference] 
46-60 165/1071 (15.4) [13.2-17 .6] 2.06 (1.49-2.90) 234/1 071 (21.8) [1 9.4-24.3] 1.44(1.13-1.84) 
61-70 159/840 (18.9) [16.3-21.6] 2.37 (1.70-3.36) 208/840 (24.8) [21.8-27.7] 1.62 (1.26-2.09) 
>70 359/1209 (29.7) [27.1-32.3] 3.76 (2.79-5,17) ·~ 455/1213 (37 .5) [34.8-40.2] 2.40 (1.92-3.02) 

2:1 mo from symptoms of infective I 
endocarditis to diagnosis 

1 [Reference] No 647/3075 (21.0) [19.6-22.5] 864/3081 (28.0) [26.5-29.6] 1 [Reference] 

Yes 101/909 (11.1) [9.1-13.2] 0.81 (0.66-0.99) 138/911 (15.1) [12.8-17.5] 0.75 (0.62-0.91) 
Geographic region 

Europe 446/2156 (20. 7) [19.0-22.4] 1 [Reference] 553/2162 (25.6) [23.7-27.4] 1 [Reference] 

North America 129/709 (18.2) [15.4-21.0] 1.19 (0.95-1.48) 2281710 (32.1) [28.7-35.5] 0.98 (0.82-1 .17) 

South America 73/372 (19.6) [15.6-23.7] 1.40 (1.08-1.80) 87/372 (23.4) [19.1-27.7] 1.03 (0.82-1.29) 

Other 139/919 (15.1) [12.8-17.4] 0.49 (0.37-0.62) 187/920 (20.3) [17.7-22.9] 0.47 (0.38-0.59) 

Diabetes mellitus 
No 560/3388 (16.5) (15.3-17.8] 1 [Reference] 762/3394 (22.5) [21.0-23.9] 1 [Reference] 

Yes 2081700 (29.7) [26.3-33.1] 1.33 (1.1 0-1 .58) 2721702 (38.7) [35.1-42.4] 1.34 (1.14-1.57) 

Heaith care-associated infection 
1 [RetSrence] No 436/3002 (14.5) [13.3-15.8] 584/3007 (19.4) (18.0-20.8] 1 [Reference] 

Yes 3061949 (32.2) [29.3-35.2] NAa 412/951 (43.3) [40.2-46.5] 2.02 (1.62-2.53) 

Causative microorganism 
/ 

;.' 

Viridans group streptococcus 
No ' 727/3431 (21.2) [1 9.8-22.6] 1 [Reference] 964/3437 (28.0) [28.5-29.5] 1 [Reference] 

Yes 60/725 (8.3) [6.3-1 0.3] 0.65 (0.48-0.86) 91/727 (12.5) [1 0.1-14.9] 0.77 (0.59-0.98) 

Streptococcus bovis 

No 760/3884 (19.6) [18.3-20.8] 1 [Reference] 1 015/3892 (26.1) [24. 7-27 .5] 1 [Reference] 

Yes 27/272 (9.9) [6.4-13.5] 0.45 (0.28-0.68) 40/272 (14. 7) [1 0.5-18.9] 0.58 (0.40-0.82) 

Staphylococcus aureus 

No 458/2916 (15. 7) [14.4-17 .0] 1 [Reference] 623/2921 (21.3) [19.8-22.8] 1 [Reference] 

Yes 329/1240 (26.5) (24.1-29.0] NAa 432/1243 (34.8) [32.1-37 .4] 1.31 (1.12-1.53) 

Fungi 
No 758/4086 (18.6) [17.4-19.7] 1 [Reference] 1016/4094 (24.8) [23.5-26.1] 1 [Reference] 

Yes 29/70 (41.4) [29.9-53.0] NAa 39/70 (55. 7) [44.1-67 .4] 1.77 (1.09-2.71) 

NYHA class Ill or IV 
No 382/2957 (12.9) [11. 7 -14.1] 1 [Reference] 560/2959 (18.9) [17.5-20.3] 1 [Reference] 

Yes 316/910 (34.7) [31.6-37.8] 3.38 (2.54-4.60) 385/91 0 (42.3) [39.1-45.5] 3.03 (2.45-3.80) 

Paravalvular complication 
No 521/3093 (16.8) [15.5-18.2] 1 [Reference] 720/3099 (23.2) [21. 7-24. 7] 1 [Reference] 

Yes 250/1 009 (24.8) [22.1-27 .4] 1.66 (1.42-1.95) 315/1011 (31.2) [28.3-34.0] 1.48 (1.28-1.70) 

Stroke 
No 485/3284 (14.8) [13.6-16.0] 1 [Reference] 704/3285 (21.4) [20.0-22.8] 1 [Reference] 

Yes 276/800 (34.5) [31.2-37 .8] 1.61 (1.36-1.89) 323/801 (40.3) [36.9-43.7] 1.49 (1.28-1. 72) 

Surgery 
No 463/2092 (22.1) [20.4-23.9] 1 [Reference] 634/2094 (30.3) [28.3-32.2] 1 [Reference] 

Yes 321/2044 (15.7) [14.1-17.3] 0.76 (0.58-0.99) 415/2047 (20.3) [18.5-22.0] 0.44 (0.34-0.56) 

Abbreviations: HR, hazard ratio; NYHA. New York Heart Associa~on; NA. no associooon. 
a variable not statistically associated with in-hosp~al mortality in the model (but associated ~h 1-year mortality in subsequent model). 
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nificant reduction in study sample size 
in light of the observed differences in 
baseline characteristics and predicted 
probability for surgery between the sur­
gical vs nonsurgical groups. Although a 
randomized trial of surgical vs medical 
therapy in infective endocarditis would 
reduce selection bias as a factor in as­
sessing outcome, it is highly unlikely that 
patients with HF, particularly acute, se­
vere HF, could be ethically enrolled. 

In conclusion, based on this large, pro­
spective, international, multicenter analy­
sis of definite infective endocarditis, HF 
complicates one-third of cases and typi­
cally is of advanced degree. In-hospital 
and 1-year mortality rates were high and 
were associated with HF severity, older 
age, paravalvular complications, diabe­
tes mellitus, and stroke. Valvular surgery 
is strongly associated with lower in­
hospitaland 1-yearmortalityin patients 
with HF but is performed in only 62% of 
cases. Additional studies are needed to 
better risk-stratifypatients with infective 
endocarditis and HF and optimize the use 
of surgery for this serious condition. 
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Carlos A. Mestres, MD, PhD, Jose M. Mir6, MD, PhD, 
Asuncion Moreno, MD, PhD, Salvador Ninot, MD, Car­
los Pare, MD, PhD, Joan Pericas, MD, Jose Ramirez, 
MD, PhD, Irene Rovira, MD, Marta Sitges, MD); Hos­
pital de Sabadell (lgnasi Anguera, MD, PhD, Bernat 
Font, MD, Joan Raimon Guma, MD); Hospital Gen­
eral Universitario Gregorio Marari6n (Javier Ber­
mejo, Emilio Bouza, MD, PhD, Miguel Angel Garcia 
Fernandez, MD, Victor Gonzalez-Ramallo, MD, Mer­
cedes Marin, MD, Patricia Munoz, MD, PhD, Miguel 
Pedromingo, MD, Jorge Roda, Marta Rodrfguez­
Creixems, MD, PhD, Jorge Solis, MD); Hospital Uni­
versitari Vall d'Hebron (Benito Almirante, MD, Nuria 
Fernandez-Hidalgo, MD, PilarTornos, MD); Hospital 
Universitario Virgen del Rocfo (Arlstides de Alarcon, 
Ricardo Parra). Sweden: Sahlgrenska Universitetss­
jukhuset/Ostra (Eric Alestig, MD, Magnus Johans­
son, MD, PhD, Lars Olaison, MD, PhD, Ulrika Snygg­
Martin, MD). Thailand: Khan Kaen University (Orathai 
Pachirat, MD, Pimchitra Pachirat, MD, Burabha Pus­
sadhamma, MD, Vichai Senthong, MD). United King­
dom: Queen Elizabeth Hospital (Anna Casey, MBBS, 
Tom Elliott, PhD, DSc, Peter Lambert, BSc, PhD, DSc, 
Richard Watkin, MBBS); StThomas' Hospital (Chris­
tina Eyton, John L. Klein, MD). United States: Ann Ar­
bor VA Medical Center (Suzanne Bradley, MD, Carol 
Kauffman, MD); Dallas VA Medical Center (Roger 
Bedimo, MD, MS); Duke University Medical Center 
(Vivian H. Chu, MD, MHS, G. Ralph Corey, MD, Anna 
Lisa Crowley, MD, MHS, Pamela Douglas, MD, Laura 
Drew, RN, BSN, Vance G. Fowler, MD, MHS, Thomas 
Holland, MD, Tahaniyat Lalani, MBBS, MHS, Daniel 
Mudrick, MD, Zainab Samad, MD, MHS, Daniel Sex­
ton, MD, Martin Stryjewski, MD, MHS, Andrew Wang, 
MD, ChristopherW. Woods, MD, MPH); Emory Uni­
versity (Stamatios Lerakis, MD); Medical University of 
South Carolina (Robert Cantey, MD, Lisa Steed, PhD, 
Dannah Wray, MD, MHS); New York University Medi­
cal Center (Stuart A. Dickerman, MD); Summa Health 
System (Hector Bonilla, MD, Joseph DiPersio, MD, PhD, 
Sara-Jane Salstrom, RN); University of Alabama at Bir­
mingham (John Baddley, MD, Mukesh Patel, MD); 
University of Texas-Southwestern Medical Center (Gail 
Peterson, MD, Amy Stancoven, MD); Wayne State 
University (luis Afonso, MD, Theresa Kulman, RN, 
Donald Levine, MD, Michael Rybak, PharmD, MPH); 
Quintiles (Christopher H. Cabell, MD, MHS).ICE Co­
ordinating Center: Khaula Baloch, MPH, Vivian H. Chu, 
MD, MHS, G. Ralph Corey, MD, Christy C. Dixon, 
Vance G. Fowler Jr, MD, MHS, Tina Harding, RN, BSN, 
Marian Jones-Richmond, Paul Pappas, MS, Law­
rence P. Park, PhD, Thomas Redick, MPH, Judy 
Stafford, MS. ICE Publications Committee: Kevin Ans­
trom, PhD, Eugene A than, MD, ArnoldS. Bayer, MD, 
Christopher H. Cabell, MD, MHS, Vivian H. Chu, MD, 
MHS, G. Ralph Corey, MD, Vance G. Fowler Jr, MD, 
MHS, Bruno Hoen, MD, PhD, A. W. Karchmer, MD, 
Jose M. Mir6, MD, PhD, David R. Murdoch, MD, MSc, 
DTM&H, Daniel J. Sexton, MD, Andrew Wang, MD. 
ICE Steering Committee: Amold S. Bayer, MD, Chris­
topher H. Cabell, MD, MHS, Vivian Chu, MD, MHS, 
G. Ralph Corey, MD, DavidT. Durack, MD, DPhil, Su­
sannah Eykyn, MD, Vance G. Fowler Jr, MD, MHS, 
Bruno Hoen, MD, PhD, Jose M. Mir6, MD, PhD, Phil-

lipe Moreillon, MD, PhD, Lars Olaison, MD, PhD, Di­
dier Raoult, MD, PhD, Ethan Rubinstein, MD, LLB, 
Daniel J. Sexton, MD. 
Online-Only Material: The eFigure and the Author 
Video Interview are available at http://www.jama 
.com. 
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