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OBJECTIVE: There have been no recent studies describing 
the management and outcomes of patients with infective en-
docarditis (IE). 

PATIENTS AND METHODS: We conducted a retrospective 
cohort study of adult patients admitted to a tertiary med-
ical center from 2007 to 2011 with a Duke criteria consis-
tent discharge diagnosis of IE. We examined concordance 
with guideline recommendations. Outcomes included em-
bolic events, inhospital and 1-year mortality, length of stay 
(LOS) and cardiac surgery. We used descriptive statistics to 
describe the cohort and Fisher exact and unpaired t tests 
to compare native valve endocarditis (NVE) with prosthetic 
valve endocarditis (PVE).

RESULTS: Of 170 patients, definite IE was present in 135 
(79.4%) and possible IE in 35 (20.6%); 74.7% had NVE, 
and 25.3% had PVE. Mean ± standard deviation age was  
60.0 ± 17.9 years. Comparing PVE to NVE, patients with PVE 

were less likely to have embolic events (14.0% vs. 32.3%;  
P = 0.03), had shorter LOS (median 12.0 days vs. 14.0 days; 
P = 0.047), but they did not show a statistically significant 
difference in inhospital mortality (20.9% vs. 12.6%; P = 0.21). 
Of 170, patients 27.6% (n = 47) underwent valve surgery. 
Most patients received timely blood cultures and antibiot-
ics. Guideline-recommended consults were underused, with 
86.5%, 54.1%, and 47.1% of patients receiving infectious 
disease, cardiac surgery, and cardiology consultation, re-
spectively. As the number of consultations increased (from 0 
to 3), we observed a nonsignificant trend toward reduction in 
6-month readmission and 12-month mortality.

CONCLUSION: IE remains a disease with significant mor-
bidity and mortality. There are gaps in the care of IE patients, 
most notably underuse of specialty consultation. Journal of 
Hospital Medicine 2017;12:414-420. © 2017 Society of Hos-
pital Medicine

Infective endocarditis (IE) affected an estimated 46,800 
Americans in 2011, and its incidence is increasing due to 
greater numbers of invasive procedures and prevalence of IE 
risk factors.1-3 Despite recent advances in the treatment of 
IE, morbidity and mortality remain high: in-hospital mor-
tality in IE patients is 15% to 20%, and the 1-year mortality 
rate is approximately 40%.2,4,5 

Poor IE outcomes may be the result of difficulty in diag-
nosing IE and identifying its optimal treatments. The Amer-
ican Heart Association (AHA), the American College of 
Cardiology (ACC), and the European Society of Cardiology 
(ESC) have published guidelines to address these challenges. 
Recent guidelines recommend a multidisciplinary approach 
that includes cardiology, cardiac surgery, and infectious dis-

ease (ID) specialty involvement in decision-making.5,6 
In the absence of published quality measures for IE manage-

ment, guidelines can be used to evaluate the quality of care 
of IE. Studies have showed poor concordance with guideline 
recommendations but did not examine agreement with more 
recently published guidelines.7,8 Furthermore, few studies 
have examined the management, outcomes, and quality of 
care received by IE patients. Therefore, we aimed to describe 
a modern cohort of patients with IE admitted to a tertiary 
medical center over a 4-year period. In particular, we aimed to 
assess quality of care received by this cohort, as measured by 
concordance with AHA and ACC guidelines to identify gaps 
in care and spur quality improvement (QI) efforts.

METHODS
Design and Study Population
We conducted a retrospective cohort study of adult IE pa-
tients admitted to Baystate Medical Center (BMC), a 716-
bed tertiary academic center that covers a population of 
800,000 people throughout western New England. We used 
the International Classification of Diseases (ICD)–Ninth 
Revision, to identify IE patients discharged with a princi-
pal or secondary diagnosis of IE between 2007 and 2011 
(codes 421.0, 421.1, 421.9, 424.9, 424.90, and 424.91). 
Three co-authors confirmed the diagnosis by conducting  
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a review of the electronic health records. 
We included only patients who met modified Duke cri-

teria for definite or possible IE.5 Definite IE defines patients 
with pathological criteria (microorganisms demonstrated by 
culture or histologic examination or a histologic examina-
tion showing active endocarditis); or patients with 2 major 
criteria (positive blood culture and evidence of endocardial 
involvement by echocardiogram), 1 major criterion and 3 
minor criteria (minor criteria: predisposing heart conditions 
or intravenous drug (IVD) use, fever, vascular phenomena, 
immunologic phenomena, and microbiologic evidence that 
do not meet the major criteria) or 5 minor criteria. Possible 
IE defines patients with 1 major and 1 minor criterion or 3 
minor criteria.5  

Data Collection
We used billing and clinical databases to collect demo-
graphics, comorbidities, antibiotic treatment, 6-month re-
admission and 1-year mortality. Comorbid conditions were 
classified into Elixhauser comorbidities using software pro-
vided by the Healthcare Costs and Utilization Project of the 
Agency for Healthcare Research and Quality.9,10  

We obtained all other data through electronic health re-
cord abstraction. These included microbiology, type of en-
docarditis (native valve endocarditis [NVE] or prosthetic 
valve endocarditis [PVE]), echocardiographic location of 
the vegetation, and complications involving the valve (eg, 
valve perforation, ruptured chorda, perivalvular abscess, or 
valvular insufficiency). 

Using 2006 AHA/ACC guidelines,11 we identified  quality 
metrics, including the presence of at least 2 sets of blood 
cultures prior to start of antibiotics and use of transthorac-
ic echocardiogram (TTE) and transesophageal echocardio-
gram (TEE). Guidelines recommend using TTE as first-line 
to detect valvular vegetations and assess IE complications. 
TEE is recommended if TTE is nondiagnostic and also as 
first-line to diagnose PVE. We assessed the rate of consul-
tation with ID, cardiology, and cardiac surgery specialties. 
While these consultations were not explicitly emphasized 
in the 2006 AHA/ACC guidelines, there is a class I rec-
ommendation in 2014 AHA/ACC guidelines5 to manage IE 
patients with consultation of all these specialties. 

We reported the number of patients with intracardiac 
leads (pacemaker or defibrillator) who had documentation 
of intracardiac lead removal. Complete removal of intracar-
diac leads is indicated in IE patients with infection of leads 
or device (class I) and suggested for IE caused by Staphylococ-
cus aureus or fungi (even without evidence of device or lead 
infection), and for patients undergoing valve surgery (class 
IIa).5 We entered abstracted data elements into a RedCap 
database, hosted by Tufts Clinical and Translational Science 
Institute.12

Outcomes 
Outcomes included embolic events, strokes, need for cardi-
ac surgery, LOS, inhospital mortality, 6-month readmission, 

and 1-year mortality. We identified embolic events using 
documentation of clinical or imaging evidence of an embol-
ic event to the cerebral, coronary, peripheral arterial, renal, 
splenic, or pulmonary vasculature. We used record extraction 
to identify incidence of valve surgery. Nearly all patients who 
require surgery at BMC have it done onsite. We compared 
outcomes among patients who received less than 3 vs. 3 con-
sultations provided by ID, cardiology, and cardiac surgery 
specialties. We also compared outcomes among patients who 
received 0, 1, 2, or 3 consultations to look for a trend.  

Statistical Analysis 
We divided the cohort into patients with NVE and PVE 
because there are differences in pathophysiology, treatment, 
and outcomes of these groups. We calculated descriptive 
statistics, including means/standard deviation (SD) and n 
(%). We conducted univariable analyses using Fisher exact 
(categorical), unpaired t tests (Gaussian), or Kruskal-Wallis 
equality-of-populations rank test (non-Gaussian). Common 
language effect sizes were also calculated to quantify group 
differences without respect to sample size.13,14 Analyses 
were performed using Stata 14.1. (StataCorp LLC, College 
Station, Texas). The BMC Institutional Review Board ap-
proved the protocol.

RESULTS
We identified a total of 317 hospitalizations at BMC meet-
ing criteria for IE. Of these, 147 hospitalizations were read-
missions or did not meet the clinical criteria of definite or 
possible IE. Thus, we included a total of 170 patients in the 
final analysis. Definite IE was present in 135 (79.4%) and 
possible IE in 35 (20.6%) patients. 

Patient Characteristics
Of 170 patients, 127 (74.7%) had NVE and 43 (25.3%) had 
PVE. Mean ± SD age was 60.0 ± 17.9 years, 66.5% (n = 113) 
of patients were male, and 79.4% (n = 135) were white (Ta-
ble 1). Hypertension and chronic kidney disease were the 
most common comorbidities. The median Gagne score15 was 
4, corresponding to a 1-year mortality risk of 15%. Predis-
posing factors for IE included previous history of IE (n = 14 
or 8.2%), IVD use (n = 23 or 13.5%), and presence of long-
term venous catheters (n = 19 or 11.2%). Intracardiac leads 
were present in 17.1% (n = 29) of patients. Bicuspid aortic 
valve was reported in 6.5% (n = 11) of patients with NVE. 
Patients with PVE were older (+11.5 years, 95% confidence 
interval [CI] 5.5, 17.5) and more likely to have intracardiac 
leads (44.2% vs. 7.9%; P < 0.001; Table 1). 

Microbiology and Antibiotics 
Staphylococcus aureus was isolated in 40.0% of patients 
(methicillin-sensitive: 21.2%, n = 36; methicillin-resistant: 
18.8%, n = 32) and vancomycin (88.2%, n = 150) was the 
most common initial antibiotic used. Nearly half (44.7%,  
n = 76) of patients received gentamicin as part of their ini-
tial antibiotic regimen. Appendix 1 provides information on 
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TABLE 1. Characteristics of 170 Hospitalized Patients with Infective Endocarditis
Overall

(n = 170) 
NVE 

(n = 127)
PVE

( n = 43)

Variable n (%) n (%) n (%) CLES P valuea

Age (mean/SD; y) 60.0/17.9 57.1/17.3 68.7/16.8 0.68 <0.001

Male vs. female 113 (66.5) 80 (63.0) 33 (76.7) 0.25 0.13

Race

   White 

   Black

   Hispanic

   Other 

135 (79.4)

19 (11.2)

13 (7.7)

3 (1.8)

99 (78.0)

15 (11.8)

10 (7.9)

3 (2.4)

36 (83.7)

4 (9.3)

3 (7.0)

0 (0.0) 0.18 0.93

Comorbidities

   Hypertension

   Chronic kidney disease 

   Requiring hemodialysis

   Chronic lung disease

   Congestive heart failure

   Insulin-dependent diabetes

   HIV/AIDS

   Cancer

   Bicuspid aortic valve

101 (59.4)

61 (35.9)

27 (15.9)

27 (15.9)

38 (22.4)

38 (22.4)

4 (2.4)   

26 (15.3)  

11 (6.5)

74 (58.3)

40 (31.5)

22 (17.3)

22 (17.3)

26 (20.5)

26  (20.5)

2 (1.6) 

16 (12.6)  

11 (8.7)

27 (62.8)

21 (48.8)

5 (11.6)

5 (11.6)

12 (27.9)

12 (27.9)

2 (4.7)

10 (23.3)

-

0.08

0.30

0.14

0.14

0.16

0.16

0.09

0.13

0.72

0.045

0.47

0.47

0.40

0.40

0.27

0.14

1-yr Gagne mortality risk (median/interquartile range) 15%/8%,25% 15%/8%,25% 15%/8%,25% 0.10 0.57

Previous endocarditis 14 (8.2) 7 (5.5) 7 (16.3) 0.34 0.048

Intracardiac lead presentb 29 (17.1) 10  (7.9) 19 (44.2) 0.80 <0.001

Intravenous drug user 23 (13.5) 19 (15.0) 4 (9.3) 0.15 0.45

Long-term venous catheter 19 (11.2) 16 (12.6) 3 (7.0) 0.15 0.41

Intensive care unit admission 41 (24.1) 33 (26.0) 8 (18.6) 0.15 0.41

Mechanical ventilation in first 2 days 11 (6.5) 10 (7.9) 1 (2.3) 0.19 0.29

Inotrope/vasopressor use in first 2 days 11 (6.5) 11 (8.7) 0 (0.0) 0.31 0.07

Blood culture isolates

   MSSA

   MRSA

   CNS

   Viridans streptococci
   Group B streptococci
   Enterococcus
   Polymicrobial

   Other isolatec

   Culture negative

36 (21.2)

32 (18.8)

10 (5.9)

29 (17.1)

10 (5.9)

26 (15.3)

3 (1.8)

14 (8.2)

10 (5.9)

27 (21.3)

25 (19.7)

6 (4.7)

24 (18.9)

9 (7.1)

14 (11.0)

3 (2.4)

10 (7.9)

9 (7.1)

9 (20.9)

7 (16.3)

4 (9.3)

5 (11.6)

1  (2.3)

12 (27.9)

0 (0.0)

4 (9.3)

1 (2.3) 0.53 0.21

Initial antibiotics 

   Vancomycin

   Gentamicin

   Piperacillin-tazobactam

150 (88.2)

76 (44.7)

68 (40.0)

113 (89.0)      

51 (40.2)      

52 (40.9)  

37 (86.1)

25 (58.1) 

16 (37.2)

0.08

0.30

0.07

0.59

0.051

0.72

Ejection fraction <40% 22 (12.9) 11 (8.7) 11 (25.6) 0.44 0.008

Infected valve if determined

   Mitral

   Aortic

   Aortic and mitral 

   Pulmonic

   Tricuspid

   Multipled

(n=143)

59 (41.3)

41 (28.7)

24 (16.8)

1 (0.7)

8 (5.6)

10 (7.0)

(n=100)

51 (51.0)

22 (22.0) 

12 (12.0)

1 (1.0)

6 (6.0) 

8 (8.0)

(n=43)

8 (18.6)

19 (44.2) 

12 (27.9)

0 (0.0)

2 (4.7) 

2 (4.7) 0.77 0.001

Location of infected valve could not be determined 27 (15.9) 27 (21.3%) 0 (0.0%) 0.51 <0.001

Vegetation size

   <10 mm

   >10  to <15mm

   ≥15 mm

119 (70.0)

23 (13.5)

28 (16.5)

87 (68.5)

19 (15.0)

21 (16.5)

32 (74.4)

4 (9.3)

7 (16.3) 0.11 0.54
aIndependent samples t test (normal); Fisher exact test (categorical). 
bIntracardiac lead includes permanent pacemaker and implantable cardioverter defibrillator. 
c“Other” includes Peptostreptococcus (n = 1), Streptococcus pneumoniae (n = 2), Abiotrophia defectiva (n = 1), Granulicatella adiacens (n = 1), Streptococcus bovis (n = 2), HACEK: Haemophilus parainfluenza (n = 1), Enterobacter 
cloacae (n = 1), Escherichia coli (n = 1), Proteus mirabilis (n = 1), Pseudomonas aeruginosa (n = 1); Proteus unspecified (n = 1), Serratia unspecified (n = 1).  
dMitral and tricuspid (n = 4); mitral and pulmonic (n = 1); aortic and tricuspid (n = 4); aortic, mitral and tricuspid (n = 1).

NOTE: Abbreviations: AIDS, acquired immunodeficiency syndrome; CLES, common language effect size, 0.2 small, 0.5 medium, 0.8+ large; CNS, coagulase-negative Staphylococcus species; HIV, human immunodeficiency virus; MRSA, 
methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis; SD, standard deviation.
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final blood culture results, prosthetic versus native valve IE, 
and antimicrobial agents that each patient received. PVE 
patients were more likely to receive gentamicin as their 
initial antibiotic regimen than NVE (58.1% vs. 40.2%;  
P = 0.051; Table 1).

Echocardiography and Affected Valves
As per study inclusion criteria, all patients received echo-
cardiography (either TTE, TEE, or both). Overall, the most 
common infected valve was mitral (41.3%), n = 59), fol-
lowed by aortic valve (28.7%), n = 41). Patients in whom 
the location of infected valve could not be determined 
(15.9%, n = 27) had echocardiographic features of intracar-
diac device infection or intracardiac mass (Table 1).

Quality of Care
Nearly all (n = 165, 97.1%) of patients had at least 2 sets 
of blood cultures drawn, most on the first day of admission 
(71.2%). The vast majority of patients (n = 152, 89.4%) 
also received their first dose of antibiotics on the day of ad-
mission. Ten (5.9%) patients did not receive any consults, 
and 160 (94.1%) received at least 1 consultation. An ID 
consultation was obtained for most (147, 86.5%) patients; 
cardiac surgery consultation was obtained for about half of 
patients (92, 54.1%), and cardiology consultation was also 
obtained for nearly half of patients (80, 47.1%). One-third 
(53, 31.2%) did not receive a cardiology or cardiac surgery 
consult, two-thirds (117, 68.8%) received either a cardiol-
ogy or a cardiac surgery consult, and one-third (55, 32.4%) 
received both.

Of the 29 patients who had an intracardiac lead, 6 pa-
tients had documentation of the device removal during the 
index hospitalization (5 or 50.0% of patients with NVE and 
1 or 5.3% of patients with PVE; P = 0.02; Table 2).

Outcomes 
Evidence of any embolic events was seen in 27.7%  
(n = 47) of patients, including stroke in 17.1% (n = 29). Me-
dian LOS for all patients was 13.5 days, and 6-month read-
mission among patients who survived their index admission 
was 51.0% (n = 74/145; 95% CI, 45.9%-62.7%). Inhospital 
mortality was 14.7% (n = 25; 95% CI: 10.1%-20.9%) and 
12-month mortality was 22.4% (n = 38; 95% CI, 16.7%-
29.3%). Inhospital mortality was more frequent among  
patients with PVE than NVE (20.9% vs. 12.6%; P = 0.21), 
although this difference was not statistically significant. 
Complications were more common in NVE than PVE (any 
embolic event: 32.3% vs. 14.0%, P = 0.03; stroke, 20.5% vs. 
7.0%, P = 0.06; Table 3).

Although there was a trend toward reduction in 6-month 
readmission and 12-month mortality with incremental in-
crease in the number of specialties consulted (ID, cardiol-
ogy and cardiac surgery), the difference was not statistically 
significant (Figure 1). In addition, comparing outcomes of 
embolic events, stroke, 6-month readmission, and 12-month 
mortality between those who received 3 consults (28.8%,  
n = 49) to those with fewer than 3 (71.2%, n = 121) did not 
show statistically significant differences.  

Of 92 patients who received a cardiac surgery consult, 73 
had NVE and 19 had PVE. Of these, 47 underwent valve 
surgery, 39 (of 73) with NVE (53.42%) and 8 (of 19) with 
PVE (42.1%). Most of the NVE patients (73.2%) had 
more than 1 indication for surgery. The most common in-
dications for surgery among NVE patients were significant 
valvular dysfunction resulting in heart failure (65.9%), fol-
lowed by mobile vegetation (56.1%) and recurrent embolic 
events (26.8%). The most common indication for surgery in 
PVE was persistent bacteremia or recurrent embolic events 
(75.0%).  

TABLE 2. Quality of Care of Patients Hospitalized with Infective Endocarditis

Overall 
(n = 170) 

NVE  
(n = 127)

PVE  
(n = 43) CLES P valuea

n (%) n (%) n (%)

Blood cultures and microbiology

   2+ sets of blood cultures drawn

   Blood cultures drawn 1st admission day

   Antibiotics started 1st admission day

165 (97.1)

121 (71.2)

152 (89.4)

122 (96.1)

91 (71.7)

113 (89.0)

43 (100.0)

30 (69.8)

39 (90.7)

0.20

0.04

0.05

0.33

0.85

1.00

Echocardiography

   TTE

   TEE

   Both

   TTE performed before TEE 

125 (73.5)

100 (58.8)

67 (39.4)

62/67 (92.5)

101 (79.5)

72 (56.7)

52 (40.9)

50/52 (96.2)

24 (55.8)

28 (65.1)

15 (34.9)

12/15 (80.0)

0.47

0.15

0.11

0.50

0.005

0.37

0.59

0.07

Consultations

   Infectious disease 

   Cardiac surgery 

   Cardiology 

147 (86.5)

92 (54.1)

80 (47.1)

111 (87.4)    

73 (57.5)      

58  (45.7)      

36 (83.7)

19 (44.2)        

22 (51.2)      

0.15

0.37

0.15

0.61

0.16

0.60

Intracardiac lead removed 6/29 (20.7) 5/10 (50.0)     1/19(5.3) 1.00 0.02

aIndependent samples t test (normal); Fisher exact test (categorical) among observations with complete documentation

NOTE: Abbreviations: CLES, common language effect size, 0.2 small, 0.5 medium, 0.8+ large; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography
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DISCUSSION
In this study, we described the management, quality of care, 
and outcomes of IE patients in a tertiary medical center. We 
found that the majority of hospitalized patients with IE were 
older white men with comorbidities and IE risk factors. The 
complication rate was high (27.7% with embolic events) and 
the inhospital mortality rate was in the lower range reported 
by prior studies [14.7% vs. 15%-20%].5 Nearly one-third of 
patients (n = 47, 27.7%) received valve surgery. Quality of 
care received was generally good, with most patients receiv-

ing early blood cultures, echocardiograms, early antibiotics, 
and timely ID consultation. We identified important gaps in 
care, including a failure to consult cardiac surgery in near-
ly half of patients and failure to consult cardiology in more 
than half of patients. 

Our findings support work suggesting that IE is no longer 
primarily a chronic or subacute disease of younger patients 
with IVD use, positive human immunodeficiency virus sta-
tus, or bicuspid aortic valves.1,4,16,17 The International Col-
laboration on Endocarditis-Prospective Cohort Study,4 a 

TABLE 3. Outcome of Hospitalized Patients with Infective Endocarditis

Overall (n = 170)
NVE 

(n = 127)
PVE 

(n = 43)

CLES P valuean (%) n (%) n (%)

Outcomes

   Any embolic event 

   Stroke 

47 (27.7)

29 (17.1)

41 (32.3)

26 (20.5)

6 (14.0)

3 (7.0)

0.18

0.16

0.03

0.06

Complications seen in echocardiography

   Ruptured chordae

   Severe valvular insufficiency

   Perivalvular abscess

   Valve perforation

   Shunt or fistula

8/127 (6.3)

94 (55.3)

16 (9.4)

19 (11.2)

1 (0.6)

8 (6.3)

80 (63.0)

10 (7.9)

17 (13.4)

1 (0.8)

NA

14 (32.6)

6 (14.0)

2 (4.7)

0 (0.0)

NA

0.50

0.18

0.24

0.14

NA

0.001

0.24

0.16

1.00

Inhospital mortality 25 (14.7) 16 (12.6) 9 (20.9) 0.20 0.21

Length of stay, d (median/IQR) 13.5/9.0,22.0 14.0/9.0,24.0 12.0/8.0,18.0 0.36 0.047

6-mo readmissionb 74 (51.0) 52 (46.9) 22 (64.7) 0.30 0.08

12-mo mortality 38 (22.4%) 25 (19.7%) 13 (30.2%) 0.22 0.20

Cardiac surgery

   None

   Current admission

   Other admission

123 (72.4) 

43 (25.3) 

4 (2.4) 

88 (69.3) 

36 (28.4) 

3 (2.4)

35 (81.4)

7 (16.3) 

1 (2.3) 0.24 0.21

aIndependent samples t test (normal); Fisher exact test (categorical). 
bAmong 145 subjects who did not die during index admission. 

NOTE: Abbreviations: CLES, common language effect size, 0.2 small, 0.5 medium, 0.8+ large; IQR, interquartile range; NA, not applicable; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis.

FIG. Comparison of outcomes of any embolic event, stroke, 6-month readmission and 12-month mortality between infective endocarditis patients who received 

infectious disease, cardiology, and cardiac surgery consultations.
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multinational prospective cohort study (2000-2005) of 2781 
adults with IE, reported a higher prevalence of patients with 
diabetes or on hemodialysis, IVD users, and patients with 
long-term venous catheter and intracardiac leads than we 
found. Yet both studies suggest that the demographics of IE 
are changing. This may partially explain why IE mortality 
has not improved in recent years:2,3 patients with older age 
and higher comorbidity burden may not be considered good 
surgical candidates. 

This study is among the first to contribute information 
on concordance with IE guidelines in a cohort of U.S. pa-
tients. Our findings suggest that most patients received 
timely blood culture, same-day administration of empiric 
antibiotics, and ID consultation, which is similar to Europe-
an studies.7,18 Guideline concordance could be improved in 
some areas. Overall documentation of the management plan 
regarding the intracardiac leads could be improved. Only 6 
of 29 patients with intracardiac leads had documentation of 
their removal during the index hospitalization. 

The 2014 AHA/ACC guidelines5 and the ESC guide-
lines6 emphasized the importance of multidisciplinary man-
agement of IE. As part of the Heart Valve Team at BMC, 
cardiologists provide expertise in diagnosis, imaging and 
clinical management of IE, and cardiac surgeons provide 
consultation on whether to pursue surgery and optimal tim-
ing of surgery. Early discussion with surgical team is consid-
ered mandatory in all complicated cases of IE.6,18 Infectious 
disease consultation has been shown to improve the rate of 
IE diagnosis, reduce the 6-month relapse rate,19 and improve 
outcomes in patients with S aureus bacteremia.20 In our study 
86.5% of patients had documentation of an ID consultation; 
cardiac surgery consultation was obtained in 54.1% and car-
diology consultation in 47.1% of patients.

We observed a trend towards lower rates of 6-month re-
admission and 12-month mortality among patients who re-
ceived all 3 consults (Figure 1), despite the fact that rates 
of embolic events and stroke were higher in patients with 
3 consults compared to those with fewer than 3. Obviously, 
the lack of confounder adjustment and lack of power lim-
its our ability to make inferences about this association, but 
it generates hypotheses for future work.  Because subjects 
in our study were cared for prior to 2014, multidisciplinary 
management of IE with involvement of cardiology, cardiac 
surgery, and ID physicians was observed in only one-third of 
patients. However, 117 (68.8%) patients received either car-
diology or cardiac surgery consults. It is possible that some 
physicians considered involving both cardiology and cardiac 
surgery consultants as unnecessary and, therefore, did not 
consult both specialties. We will focus future QI efforts in 
our institution on educating physicians about the benefits 
of multidisciplinary care and the importance of fully imple-
menting the 2014 AHA/ACC guidelines. 

Our findings around quality of care should be placed in the 
context of 2 studies by González de Molina et al8 and Dela-
haye et al7 These studies described considerable discordance 
between guideline recommendations and real-world IE care. 

However, these studies were performed more than a decade 
ago and were conducted before current recommendations to 
consult cardiology and cardiac surgery were published. 

In the 2014 AHA/ACC guidelines, surgery prior to com-
pletion of antibiotics is indicated in patients with valve 
dysfunction resulting in heart failure; left-sided IE caused by 
highly resistant organisms (including fungus or S aureus); IE 
complicated by heart block, aortic abscess, or penetrating le-
sions; and presence of persistent infection (bacteremia or fe-
ver lasting longer than 5 to 7 days) after onset of appropriate 
antimicrobial therapy. In addition, there is a Class IIa indi-
cation of early surgery in patients with recurrent emboli and 
persistent vegetation despite appropriate antibiotic therapy 
and a Class IIb indication of early surgery in patients with 
NVE with mobile vegetation greater than 10 mm in length. 
Surgery is recommended for patients with PVE and relapsing 
infection. 

It is recommended that IE patients be cared for in cen-
ters with immediate access to cardiac surgery because the 
urgent need for surgical intervention can arise rapidly.5 We 
found that nearly one-third of included patients underwent 
surgery. Although we did not collect data on indications for 
surgery in patients who did not receive surgery, we observed 
that 50% had a surgery consult, suggesting the presence of 1 
or more surgical indications. Of these, half underwent valve 
surgery. Most of the NVE patients who underwent surgery 
had more than 1 indication for surgery. Our surgical rate is 
similar to a study from Italy3 and overall in the lower range 
of reported surgical rate (25%-50%) from other studies.21 
The low rate of surgery at our center may be related to the 
fact that the use of surgery for IE has been hotly debated in 
the literature,21 and may also be due to the low rate of cardi-
ac surgery consultation. 

Our study has several limitations. We identified eligible 
patients using a discharge ICD-9 coding of IE and then 
confirmed the presence of Duke criteria using record re-
view. Using discharge diagnosis codes for endocarditis has 
been validated, and our additional manual chart review to 
confirm Duke criteria likely improved the specificity signifi-
cantly. However, by excluding patients who did not have 
documented evidence of Duke criteria, we may have missed 
some cases, lowering sensitivity. The performance on se-
lected quality metrics may also have been affected by our 
inclusion criteria. Because we included only patients who 
met Duke criteria, we tended to include patients who had 
received blood cultures and echocardiograms, which are part 
of the criteria. Thus, we cannot comment on use of diagnos-
tic testing or specialty consultation in patients with suspect-
ed IE. This was a single-center study and may not represent 
patients or current practices seen in other institutions. We 
did not collect data on some of the predisposing factors to 
NVE (for example, baseline rheumatic heart disease or pre-
existing valvular heart disease) because it is estimated that 
less than 5% of IE in the U.S. is superimposed on rheumatic 
heart disease.4 We likely underestimated 12-month mortali-
ty rate because we did not cross-reference our findings again 
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the National Death Index; however, this should not affect 
the comparison of this outcome between groups. 

CONCLUSION
Our study confirms reports that IE epidemiology has changed 
significantly in recent years. It also suggests that concordance 
with guideline recommendations is good for some aspects of 
care (eg, echocardiogram, blood cultures), but can be im-
proved in other areas, particularly in use of specialty consulta-

tion during the hospitalization. Future QI efforts should em-
phasize the role of the heart valve team or endocarditis team 
that consists of an internist, ID physician, cardiologist, car-
diac surgeon, and nursing. Finally, efforts should be made to 
develop strategies for community hospitals that do not have 
access to all of these specialists (eg, early transfer, telehealth). 

Disclosure: Nothing to report.
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