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THE ADVENT OF SURGICAL

therapy for complicated na-
tive valve infective endocardi-
tis has been associated with

reduced mortality in published obser-
vational experiences.1-3 Since the ini-
tial descriptions of valve replacement
for active infective endocarditis,4,5 valve
surgery has been recommended for pa-
tients with native valve endocarditis
who exhibit complications that ad-
versely affect prognosis: congestive
heart failure, new valvular regurgita-
tion, systemic embolization to vital or-
gans, refractory infection (eg, perival-
vular abscess, persistent fever and
bacteremia, or fungemia), and demon-
stration of a vegetation on echocardi-
ography.3,6-10 However, documenta-
tion of improved clinical outcome that
results from valve surgery has been un-
proven due to the lack of controlled
trials and the inherent biases of obser-
vational studies.

Recently,ourgroupderivedandexter-
nally validated a prognostic classifica-
tion system in a large cohort of patients
with complicated, left-sided native valve
endocarditis.2 In the present study, we
sought to determine whether valve sur-
gery reduced mortality in the same
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Context Complicated, left-sided native valve endocarditis causes significant mor-
bidity and mortality in adults. The presumed benefits of valve surgery remain un-
proven due to lack of randomized controlled trials.

Objective To determine whether valve surgery is associated with reduced mortality
in adults with complicated, left-sided native valve endocarditis.

Design and Setting Retrospective, observational cohort study conducted from Janu-
ary 1990 to January 2000 at 7 Connecticut hospitals. Propensity analyses were used
to control for bias in treatment assignment and prognostic imbalances.

Patients Of the 513 adults with complicated, left-sided native valve endocarditis,
230 (45%) underwent valve surgery and 283 (55%) received medical therapy alone.

Main Outcome Measure All-cause mortality at 6 months after baseline.

Results In the 6-month period after baseline, 131 patients (26%) died. In unad-
justed analyses, valve surgery was associated with reduced mortality (16% vs 33%;
hazard ratio [HR], 0.43; 95% confidence interval [CI], 0.29-0.63; P�.001). After ad-
justment for baseline variables associated with mortality (including hospital site, co-
morbidity, congestive heart failure, microbial etiology, immunocompromised state, ab-
normal mental status, and refractory infection), valve surgery remained associated with
reduced mortality (adjusted HR, 0.35; 95% CI, 0.23-0.54; P�.02). In further analyses
of 218 patients matched by propensity scores, valve surgery remained associated with
reduced mortality (15% vs 28%; HR, 0.45; 95% CI, 0.23-0.86; P=.01). After addi-
tional adjustment for variables that contribute to heterogeneity and confounding within
the propensity-matched group, surgical therapy remained significantly associated with
a lower mortality (HR, 0.40; 95% CI, 0.18-0.91; P=.03). In this propensity-matched
group, patients with moderate to severe congestive heart failure showed the greatest
reduction in mortality with valve surgery (14% vs 51%; HR, 0.22; 95% CI, 0.09-
0.53; P=.001).

Conclusions Valve surgery for patients with complicated, left-sided native valve
endocarditis was independently associated with reduced 6-month mortality after
adjustment for both baseline variables associated with the propensity to undergo
valve surgery and baseline variables associated with mortality. The reduced mortality
was particularly evident among patients with moderate to severe congestive heart
failure.
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cohort of patients, controlling for the
inherent biases in treatment selection
and prognostic imbalances using pro-
pensity analyses and multivariable
modeling.

METHODS
Patients

Research patients were identified
through medical record review at the
7 Connecticut hospitals where valve
surgery was performed from January
1990 to January 2000. Patients were
identified as having infective endocar-
ditis if they met the Duke criteria for
definite or possible endocarditis.11 Our
patient cohort has been described in de-
tail elsewhere.2

Patients were included if they had
left-sided involvement of a native valve
(ie, aortic valve, mitral valve, or both)
and if they had exhibited a clinical com-
plication for which valve surgery is con-
sidered in current clinical practice: con-
gestive heart failure, new valvular
regurgitation, refractory infection, sys-
temic embolization to vital organs, or
presence of a vegetation on echocardi-
ography. For patients with multiple epi-
sodes of endocarditis, only the first epi-
sode was analyzed. Patients were
excluded if they were comatose at base-
line (n=26), if clinical outcome data
were not available 6 months after base-
line (n=8), or if the decision about sur-
gery was not explicitly stated in the
medical record (n=5). The study was
approved by the Human Investigation
Committee at Yale University School of
Medicine and the institutional review
boards of all 7 participating hospitals.

Clinical Data
From medical records, baseline clini-
cal information was recorded for
sociodemographic data, comorbid
conditions, previous heart disease,
symptoms, physical findings, blood cul-
tures, electrocardiogram, echocardiog-
raphy, type of surgery performed, and
operative findings; baseline was de-
fined as the date of valve surgery or the
date that the decision not to operate was
noted in the medical record.2 Comor-
bidity was assessed by using the Charl-

son comorbidity scale,12 which as-
signs weights to specific comorbid
disease states: 1 point for myocardial
infarction, congestive heart failure, pe-
ripheral vascular disease, cerebrovas-
cular disease, dementia, chronic pul-
monary disease, connective tissue
disease, ulcer disease, mild liver dis-
ease, or diabetes; 2 points for hemiple-
gia, moderate to severe renal disease,
diabetes with end-organ damage, any
tumor, leukemia, or lymphoma; 3
points for moderate to severe liver dis-
ease; and 6 points for metastatic solid
tumor or AIDS.

Outcomes
The primary outcome was all-cause
mortality at 6 months after baseline. All
patient episodes were followed up for
the 6-month period after baseline for
survival or death. For patients whose
medical records lacked documenta-
tion of survival or death 6 months af-
ter baseline, the National Death Index
was used to determine outcome.13-15

Statistical Analyses
Differences between patients undergo-
ing valve surgery and those undergo-
ing medical therapy alone were com-
pared using the �2 or Fisher exact tests
for categorical variables; the 2-tailed,
unpaired t test or Wilcoxon rank sum
test was used for continuous vari-
ables. The association of valve surgery
with all-cause, 6-month mortality was
determined using bivariate and multi-
variable Cox proportional hazard re-
gression analyses16 with consideration
of clinically plausible interactions. Het-
erogeneity, defined as baseline fea-
tures that were associated with mor-
tality, was adjusted for in these Cox
models. The proportional hazards as-
sumption was confirmed by inspec-
tion of log (−log [survival]) curves and
by examination of time-dependent co-
variates. Survival curves were con-
structed using Kaplan-Meier esti-
mates with comparisons between curves
based on the log-rank �2 statistic.

Since patients with endocarditis were
not randomly assigned to medical
therapy or valve surgery, potential con-

founding (ie, selection biases) was ad-
justed for by developing a propensity
score for valve surgery treatment. The
rationale and methods underlying the
use of a propensity score for a pro-
posed causal exposure variable have
been previously described.17,18 Step-
wise logistic regression analyses were
used to select baseline variables that
were associated with valve surgery;
clinically plausible interactions were in-
cluded in these analyses. Variables that
were clinically relevant but not signifi-
cant in the initial logistic regression
analyses were then added to derive a full
nonparsimonious model. This model
yielded a concordance index (c index)
of 0.86 (95% confidence interval [CI],
0.82-0.89), indicating a strong ability
to differentiate between patients receiv-
ing medical therapy and those under-
going surgery. Using these selected
baseline variables, a propensity score for
undergoing valve surgery for each pa-
tient was estimated by maximum like-
lihood logistic regression analysis.19

This score ranged from 0.00 to 0.996
and reflected the probability that a pa-
tient would undergo valve surgery.

Using a macro previously described
(available at http://www2.sas.com
/proceedings/sugi26/p214-26.pdf), the
propensity scores were used to match
patients undergoing valve surgery to
unique control patients.20 Specifically,
we sought to match each patient who
had valve surgery to a patient who re-
ceived medical therapy and had a pro-
pensity score that was identical to 5 dig-
its. If this could not be done, we then
proceeded to a 4-, 3-, 2-, or 1-digit
match. If this threshold was exceeded,
that patient who had valve surgery was
excluded. Using this algorithm, we were
able to match 109 patients who had
valve surgery to 109 unique control pa-
tients treated with medical therapy
alone. Further adjustments for con-
founding (using propensity scores) and
heterogeneity (using baseline vari-
ables associated with mortality) were
performed in additional Cox propor-
tional hazards analyses.

Patient characteristics associated with
the maximum mortality reduction from
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valve surgery were determined by sub-
group analysis with a statistical test
of interaction on the propensity-
matched patients.21 In these subgroup
analyses, the only variables consid-
ered were those with clinical plausibil-
ity to affect the decision of whether to
perform valve surgery.21

Appropriate regression diagnostics,
including examination of residuals and
testing for outliers, excessively influ-
ential observations, and multicollinear-
ity, were performed to confirm the va-
lidity of these analyses. All analyses
were conducted using SAS statistical
software, version 8.02 (SAS Institute
Inc, Cary, NC); P�.05 was consid-
ered statistically significant.

RESULTS
Patient Characteristics

In the cohort of 513 patients with com-
plicated, left-sided native valve endo-
carditis, 499 (97%) met Duke criteria
for definite endocarditis. Valve sur-
gery was performed in 230 patients
(45%): 109 (47%) had undergone me-
chanical valve replacement, 102 (44%)
had undergone bioprosthetic valve re-
placement, and 20 (9%) had under-
gone valve repair (1 patient had under-
gone �1 procedure).

Baseline characteristics of patients
who had valve surgery or received medi-
cal therapy are given in TABLE 1. Valve
surgery was performed more often dur-
ing the second half of the study period
(ie, 1995-2000), and there were signifi-
cant differences among hospitals in the
frequency of valve surgery for endocar-
ditis. Patients who had undergone valve
surgery were more likely to be younger,
white, and immunocompetent; they
were also more likely to have a vegeta-
tion, intracardiac abscess or valve re-
gurgitation by echocardiography, mod-
erate to severe congestive heart failure,
and clinical evidence of refractory in-
fection (ie, persistent fever, persistent
bacteremia, or fungemia). Patients who
underwent valve surgery were less likely
to have human immunodeficiency vi-
rus or AIDS, comorbid illnesses, or an
abnormal mental status.

Associations of Baseline Features
With 6-Month Mortality
Unadjusted analyses examined the re-
lationship between baseline features and
6-month mortality for the total cohort.
In these analyses, female sex (P�.001),
older age (P = .002), immunocompro-
mised state (P�.001), fever (P = .02, in-
tracardiac abscess visualized on echo-
cardiography (P = .01), comorbidity
(P�.001), moderate to severe conges-
tive heart failure (P�.001), abnormal
mental status (P�.001), bacterial eti-
ologies other than viridans strepto-
cocci (P�.001), elevated serum creati-
nine level (P�.001), and refractory
infection (P = .004) were all statisti-
cally associated with 6-month mortal-
ity. Valve surgery was associated with re-
duced 6-month mortality (16% vs 33%;
hazard ratio, 0.43; 95% CI, 0.29-0.63;
P�.001).

Creation of Propensity Scores
and Cohort Matching
To create a propensity score and
matched cohort using baseline vari-
ables listed in Table 1, a nonparsimoni-
ous model was developed. Variables in
this model included hospital site, hu-
man immunodeficiency virus infec-
tion, comorbidity, congestive heart
failure, abnormal mental status, symp-
tomatic or disabling emboli, fever, re-
fractory infection, intracardiac abscess
or new valve regurgitation on echocar-
diography, microbial etiology, valve in-
volved, and number of embolic events.
A comparison between propensity-
matched patients (n=218) at baseline is
given in TABLE 2. In contrast to the en-
tire cohort (n=513), the 2 propensity-
matched groups revealed no signifi-
cant differences in baseline variables.

Valve Surgery and Mortality
In the total cohort (n=513), 131 pa-
tients (26%) died during a 6-month fol-
low-up. As shown in TABLE 3, valve sur-
gery was associated with a significant
reduction in mortality in unadjusted
Cox proportional hazards analyses. The
association of valve surgery with re-
duced mortality remained when ad-
justed for heterogeneity (ie, baseline

variables associated with 6-month mor-
tality). In the propensity-matched group
(n=218), valve surgery remained as-
sociated with reduced mortality com-
pared with medical therapy alone (15%
vs 28%; P=.01; Table 2 and FIGURE 1).
As shown in Table 3, valve surgery re-
mained associated with reduced mor-
tality in propensity-matched patients af-
ter adjustment for both confounding
(using propensity scores) and hetero-
geneity. In a supplementary analysis,
exclusion of patients with possible en-
docarditis by Duke criteria did not ma-
terially alter the findings.

Characteristics Predictive of
Maximum Mortality Benefit
From Valve Surgery
By using subgroup analyses with sta-
tistical test of interaction, patients with
moderate to severe congestive heart fail-
ure showed the greatest reduction in
mortality with valve surgery. Stratify-
ing the data by congestive heart fail-
ure among propensity-matched pa-
tients undergoing surgery revealed that
among patients with none to mild con-
gestive heart failure, valve surgery was
not associated with reduced mortality
compared with medical therapy (HR,
1.04; 95% CI, 0.43-2.48; P=.93). How-
ever, among propensity-matched pa-
tients with moderate to severe conges-
tive heart failure, valve surgery was
associated with a significant reduc-
tion in mortality compared with medi-
cal therapy (HR, 0.22; 95% CI, 0.08-
0.53; P = .01; FIGURE 2).

COMMENT
In our cohort of 513 patients with com-
plicated, left-sided native valve endo-
carditis, valve surgery was associated
with a significant reduction in 6-month
mortality. The reduction of mortality as-
sociated with valve surgery persisted in
analyses that controlled for cohort het-
erogeneity (ie, other baseline variables
that were associated with mortality) and
confounding variables that were asso-
ciated with the performance of valve sur-
gery (ie, using propensity analyses). In
a subset of the cohort (n=218) that was
propensity matched, valve surgery was
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Table 1. Patient Characteristics According to Treatment Assignmenta

Variable Surgery (n = 230) Medical Therapy (n = 283) P Value

Year of admission, No. (%)
1990-1994 104 (45) 160 (57) .01
1995-2000 126 (54) 123 (43)

Hospital, No. (%)b
A 60 (26) 64 (23)

B 11 (5) 16 (6)

C 3 (1) 7 (2)

D 8 (3) 46 (16) �.001

E 77 (33) 81 (29)

F 59 (26) 37 (13)

G 12 (5) 32 (11)

Demographics
Men, No. (%) 156 (68) 175 (62) .16

Age, mean (SD), y 53.0 (16.3) 56.6 (18.6) .02

Race, No. (%)
White 179 (78) 193 (68) .02
Nonwhite 51 (22) 90 (32)

Temperature �38.0°C, No. (%) 50 (22) 83 (29) .06

Comorbidities, No. (%)
Immunocompromised statec 40 (17) 84 (30) .001

HIV infection 9 (4) 41 (14) �.001

AIDS 1 (�1) 22 (8) �.001

History of injection drug use 48 (21) 79 (28) .07

Charlson comorbidity score �2d 63 (27) 130 (46) �.001

Congestive heart failure, No. (%)e
None to mild 108 (47) 183 (65)

�.001
Moderate to severe 122 (53) 100 (35)

Mental status, No. (%)
Lethargic or disoriented 26 (12) 58 (21) .01
Alert 189 (88) 219 (79)

Organisms isolated in blood culture, No. (%)
Staphylococcus aureus 53 (23) 90 (32)

Viridans streptococci 86 (37) 96 (34) .09

Othersf 91 (40) 97 (34)

Serum creatinine, mean (SD), mg/dL 2.0 (2.2) 1.8 (2.1) .46

Echocardiographic findingsg

Ejection fraction, mean (SD) 57.1 (9.9) 57.3 (11.3) .88

Vegetation, No. (%) 199 (87) 218 (77) .006

Intracardiac abscess, No. (%) 34 (15) 7 (2) �.001

New valvular regurgitation No. (%)h 170 (74) 150 (53) �.001

Symptomatic or disabling emboli, No. (%)i 99 (43) 102 (36) .11

Fungemia, No. (%) 3 (1) 2 (1) .66

Refractory infection No. (%)j 65 (28) 39 (14) �.001

6-Month mortality, No. (%) 37 (16) 94 (33) �.001
Abbreviations: HIV, human immunodeficiency virus; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
SI conversion: To convert serum creatinine from mg/dL to mmol/L multiply by 88.4.
aPercentages may not sum to 100 due to rounding.
bP value refers to a comparison among hospitals of the proportion of patients who underwent valve surgery.
cPatients with HIV, AIDS, solid organ or bone marrow transplantation, receiving steroids (�20 mg daily of prednisone or equivalent for �1 month), end-stage renal disease, or recent

chemotherapy (�1 month).
dScale assigned weights as specified in the “Methods” section.
eNone to mild: (1) absence of rales on examination, (2) no shortness of breath at rest, and (3) no pulmonary edema on chest radiograph; moderate: presence of only 1 or 2; and

severe: presence of all 3 symptoms.
fOthers included: Enterococcus, other streptococci, coagulase-negative Staphylococcus, Enterobacteriaceae, other gram-negative rods, HACEK (Haemophilus, Actinobacillus,

Cardiobacterium, Eikenella, and Kingella) group of organisms, fungi, and culture-negative endocarditis.
gRepresents echocardiographic findings on TEE if patient underwent both TEE and TTE or TEE alone; otherwise, represents finding on TTE.
hRegurgitation demonstrated on echocardiography during current episode of endocarditis with no evidence of regurgitation on a prior echocardiogram. In the absence of a prior

echocardiogram, regurgitation was seen for the first time during the current episode.
iSymptomatic: patients with symptoms as a direct consequence of embolic phenomenon that were not disabling (includes cerebrovascular, joint, major artery, eye, spleen, liver,

kidney, and skin emboli); disabling: stroke syndrome, blindness, or major arterial emboli (emboli to extremities requiring amputation, mesenteric arterial emboli leading to intestinal
infarction, or coronary emboli resulting in myocardial infarction).

jPersistent fever or recurrent bacteremia for more than 7 days after initiation of effective antibiotic therapy, or presence of myocardial abscess on TTE or TEE.
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Table 2. Selected Patient Characteristics According to Treatment Assignment in Propensity-Matched Patientsa

Variable Surgery (n = 109) Medical Therapy (n = 109) P Value

Year of admission, No. (%)
1990-1994 46 (42) 58 (53) .10
1995-2000 63 (58) 51 (47)

Hospital, No. (%)
A 27 (25) 35 (32)

B 5 (5) 9 (8)

C 1 (1) 5 (5)

D 6 (6) 6 (6) .06

E 42 (39) 30 (28)

F 19 (17) 17 (16)

G 9 (8) 7 (6)

Demographics
Men, No. (%) 75 (69) 73 (67) .77

Age, mean (SD), y 53 (15) 55 (19) .34

Race, No. (%)
White 87 (80) 82 (75) .42
Nonwhite 22 (20) 27 (25)

Temperature �38.0°C, No. (%) 25 (23) 26 (24) .87

Comorbidities, No. (%)
Immunocompromised stateb 20 (18) 23 (21) .61

HIV infection 6 (6) 6 (6) .99

AIDS infection 1 (1) 3 (3) .31

History of injection drug use 20 (18) 28 (26) .19

Charlson comorbidity score �2c 36 (33) 42 (39) .40

Congestive heart failure, No. (%)d
None to mild 67 (61) 68 (62) .89
Moderate to severe 42 (39) 41 (38)

Mental status, No. (%)
Lethargic or disoriented 13 (12) 14 (13) .84
Alert 96 (88) 95 (87)

Organisms isolated in blood culture, No. (%)e
Staphylococcus aureus 27 (25) 30 (28)

Viridans streptococci 36 (33) 37 (34) .69

Othersf 46 (42) 42 (39)

Serum creatinine, mean (SD), mg/dL 2.0 (2.3) 1.8 (1.9) .50

Echocardiographic findings
Ejection fraction, mean (SD), % 58.0 (9.0) 57.2 (11.3) .59

Vegetation, No. (%) 89 (82) 90 (83) .86

Intracardiac abscess, No. (%) 2 (2) 5 (5) .25

New valvular regurgitation, No. (%)g 72 (66) 69 (63) .67

Symptomatic or disabling emboli, No. (%)h 41 (38) 45 (41) .58

Fungemia, No. (%) 1 (1) 1 (1) .99

Refractory infection, No. (%)i 16 (15) 20 (18) .47

6-Month mortality, No. (%) 16 (15) 31 (28) .02
Abbreviations: HIV, human immunodeficiency virus; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
SI conversion: To convert serum creatinine from mg/dL to mmol/L multiply by 88.4.
aPercentages may not sum to 100 due to rounding.
bPatients with HIV, AIDS, solid organ or bone marrow transplantation, receiving steroids (�20 mg of prednisone or equivalent for �1 month), end-stage renal disease, or recent

chemotherapy (�1 month).
cScale assigned weights as specified in the “Methods” section.
dNone to mild: (1) absence of rales on examination, (2) no shortness of breath at rest, and (3) no pulmonary edema on chest radiograph; moderate: presence of only 1 or 2; and

severe: presence of all 3 symptoms.
eAny others include: Enterococcus, other streptococci, Coagulase negative Staphylococcus, Enterobacteriaceae, other gram-negative rods, HACEK (see Table 1 footnote for defi-

nition) group of organisms, fungi, and culture negative endocarditis.
fRepresents echocardiographic findings on TEE if patient underwent both TEE and TTE or TEE alone; otherwise, represents finding on TTE.
gRegurgitation demonstrated on echocardiography during current episode of endocarditis with no evidence of regurgitation on a prior echocardiogram. In the absence of a prior

echocardiogram, regurgitation was seen for the first time during the current episode.
hSymptomatic: patients with symptoms as a direct consequence of embolic phenomenon that were not disabling (includes cerebrovascular, joint, major artery, eye, spleen, liver,

kidney, and skin emboli); disabling: stroke syndrome, blindness, or major arterial emboli (emboli to extremities requiring amputation, mesenteric arterial emboli leading to intestinal
infarction, or coronary emboli resulting in myocardial infarction).

iPersistent fever or recurrent bacteremia for more than 7 days after initiation of effective antibiotic therapy, or presence of myocardial abscess on TTE or TEE.
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associated with the greatest reduction in
mortality for patients with moderate to
severe congestive heart failure and not
observed in patients with none to mild
heart failure.

Since the advent of surgical therapy for
infective endocarditis, decisions about
surgery are often problematic due to the
lack of evidence from prospective ran-
domized controlled trials. Uncon-
trolled observational studies have sug-
gested benefit of surgical therapy
compared with medical therapy alone for
patients with native valve endocarditis
complicated by congestive heart fail-
ure, myocardial abscess, and acute val-
vular dysfunction.22-28 However, contro-

versy remains despite the suggestions of
these observations and the clinical plau-
sibility of the benefits of valve surgery for
these clinical complications and others
(eg, visible vegetations on echocardiog-
raphy, major organ emboli, fungal
endocarditis).3,7-10,29-31 Given the poten-
tial ethical and logistical constraints of
conducting a randomized controlled trial
of surgery vs medical therapy for pa-
tients with native valve endocarditis, un-
controlled observational data and clini-
cal experience have fostered current
recommendations.

In this study, a large cohort of adults
with complicated, left-sided native valve
endocarditis was analyzed to evaluate

the impact of valve surgery on mortal-
ity. To control for the inherent biases
of treatment selection and baseline
prognostic heterogeneity, propensity
analyses and multivariable Cox mod-
eling were performed. Recent stud-
ies32,33 have shown that, if these inher-
ent biases are rigorously controlled for,
observational studies can achieve esti-
mates of the effects of therapeutic in-
terventions that are remarkably simi-
lar to randomized controlled trials.

Using this rigorously identified co-
hort to study the association of valve
surgery with 6-month mortality, sev-
eral observations emerged. First, in an
unadjusted bivariate analysis of the en-
tire cohort of 513 adults, valve surgery
was associated with reduced mortality.
This was expected and corroborated
findings in other cohorts in which there
was no adjustment for bias in treat-
ment selection or baseline prognostic im-
balances among patients. However,
when multivariable Cox modeling was
used to adjust for heterogeneity in base-
line prognostic features, valve surgery
remained associated with reduced mor-
tality (Table 3). Second, when propen-
sity analyses were used to match pa-
tients and adjust for confounding factors
that affect treatment selection, valve sur-
gery remained associated with reduced
mortality (Figure 1). This association of
valve surgery with reduced mortality
persisted in the propensity-matched
group (n=218) when adjusting for both
confounding factors and heterogeneity
in baseline prognosis (Table 3). Third,
among propensity-matched patients, the
association between valve surgery and
reduced mortality was strongest for those
with moderate to severe congestive heart
failure (Figure 2). These observations
corroborate recent uncontrolled stud-
ies of patients with native valve endo-
carditis complicated by congestive heart
failure in which mortality was reduced
by valve surgery.34-39

There were several advantages to the
design of our cohort study, and we
avoided the methodological limita-
tions of previous work. First, the co-
hort itself had several advantages as
previously described.2 Among the ad-

Figure 1. Kaplan-Meier Curve Relating Valve Surgery to Time to Death Among
Propensity-Matched Patients
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Table 3. Cox Proportional Hazards Analyses of Time to Death Among Patients Undergoing
Valve Surgery

Model Hazard Ratio (95% CI) P Value

Total cohort (n = 513)
Unadjusted 0.43 (0.29-0.63) �.001

Heterogeneity adjusted* 0.35 (0.23-0.54) �.001

Propensity-matched group (n = 218)†
Unadjusted 0.45 (0.23-0.86) .02

Adjusted for confounding‡ 0.45 (0.24-0.88) .02

Adjusted for confounding and heterogeneity 0.40 (0.18-0.91) .03

*Heterogeneity represents baseline variables associated with mortality. Factors included hospital site, Charlson co-
morbidity score, congestive heart failure, microbiology, immunocompromised state, abnormal mental status, and
refractory infection.

†Propensity-matched group includes patients undergoing surgery vs medical therapy that are matched one to one
based on their propensity score.

‡Confounding represents patient selection bias due to nonrandomized assignment of treatment. Propensity score de-
rived from logistic equation for each patient is incorporated as a continuous variable into outcomes analysis to adjust
for possible confounding.
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vantages were its large size (513 adults),
the explicit definition of baseline state,
the minimization of bias in outcome de-
tection using the National Death In-
dex to supplement medical record in-
formation, the use of a validated index
of comorbidity,12 and the restriction to
patients with endocarditis on left-
sided native valves who exhibited com-
plications at baseline for which valve
surgery is considered in current prac-
tice (ie, congestive heart failure, new
valvular regurgitation, systemic embo-
lization to major organs, refractory in-
fection, or the presence of an echocar-
diographically identifiable vegetation).
Our strict inclusion criteria are evi-
dent by the fact that 97% of our co-
hort met Duke criteria for definite en-
docarditis and 94% had organisms
isolated in blood culture.2 The se-
lected study period (1990-2000) was
representative of contemporary prac-
tice in which transesophageal echocar-
diography is used in the diagnosis of en-
docarditis and its complications.40,41

Second, our explicit definition of
baseline (ie, the date of surgery or the
date that the decision not to operate was
noted in the medical record) fostered
reproducibility in assessment of base-
line variables that affect mortality in
our multivariable Cox modeling
(ie, adjustment for heterogeneity) as ob-
served in a previous study.2 This defi-
nition resulted in the same median du-
ration of time from hospital admission
to baseline for patients who under-
went valve surgery and those who did
not (6 days; comparing medically and
surgically treated patients, P=.97).

Third, our propensity analysis al-
lowed us to control for unavoidable bi-
ases in treatment selection among ob-
servational cohorts and to develop a
propensity-matched cohort to evaluate
the association of valve surgery and
6-month mortality.17-19 Other investiga-
tions have demonstrated the value of
propensity analyses to evaluate effects
of treatment interventions and clinical
outcome in observational cohorts.20,42,43

Despite these advantages, our study
had limitations. First, our cohort was as-
sembled retrospectively, raising the pos-

sibility of bias in detection of baseline
clinical features and clinical outcome 6
months later. However, our rigorous
definitions of baseline state and use of
6-month mortality as the study end point
reduced this potential bias as previ-
ously observed.2 Second, although
6-month mortality had methodologi-
cal advantages as a clinical outcome, it
limited the assessment of the impact of
valve surgery. The association of valve
surgery with other clinically relevant
outcomes (recurrent organ emboliza-
tion, stroke, recurrent hospitalization,
and other measures of quality of life)
would be important to investigate and
could not be determined in our study.
Third, although the propensity-
matched cohort demonstrated that the
association of valve surgery with re-
duced mortality was limited to the sub-
group of patients with moderate to
severe congestive heart failure, the pro-
pensity matching process reduced this
analysis to only 218 patients of the total
cohort. This compromised our ability
to optimally analyze the subgroup with
intracardiac abscess, which included
only 7 patients in the matched cohort.
Fourth, our definition of baseline as the

date of surgery (or the date of the deci-
sion not to operate) had methodologi-
cal advantages, but its disadvantage was
that it prevented an analysis of the as-
sociation of timing of valve surgery on
clinical outcome; future investigation is
needed for this difficult but clinically
important issue.

The major limitation of this study is
that valve surgery was not based on a
prospective randomized assignment
and therefore susceptible to bias.
Although our use of propensity analy-
ses to adjust for confounding in treat-
ment selection was intended to con-
trol for this bias, they cannot completely
control the effect of confounding. The
propensity analyses can only adjust
for the factors that were measured in
the cohort and are only as accurate as
the data collection.

Despite these limitations, the asso-
ciation between valve surgery and re-
duced mortality from complicated, left-
sided native valve endocarditis fulfilled
several criteria of causality.44 The as-
sociation was strong, with close to 50%
reduction in mortality in the propen-
sity-matched group, a temporal pat-
tern was evident, and biological plau-

Figure 2. Kaplan-Meier Curve Relating the Effect of Congestive Heart Failure to Time to
Death Among Propensity-Matched Patients Receiving Medical Therapy or Surgery
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sibility exists given that the source of
infection was physically excised and the
valvular dysfunction repaired. Our re-
sults provide the strongest observa-
tional evidence to date of the potential
value of valve surgery in adults with
complicated, left-sided native valve en-
docarditis, particularly those with mod-
erate to severe congestive heart fail-
ure. Although corroborating evidence
from a randomized controlled trial
would be desirable, in their absence our
findings can provide assistance to the
decision of whether to perform valve
surgery in adults with native valve
endocarditis.
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