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Objectives

• Defining endocarditis
• Overview of diagnosis and management
• Pitfalls of standard diagnostic criteria and algorithms
• Discussing the role of multidisciplinary endocarditis teams



Definition

• Infective endocarditis (IE) is an infection involving the 
endocardial surface of the heart, including the valvular 
structures, the chordae tendineae, sites of septal defects, or 
the mural endocardium.



Epidemiology - Infective Endocarditis

• ~43,000 cases per year in the U.S
• In hospital mortality 15-20%
• Lack of randomized controlled trials complicates patient management



Case Presentation



75 Year Old Male

• History of bioprosthetic aortic valve replacement for aortic stenosis
• Undergoes dental filling of lower wisdom teeth without antibiotic 

prophylaxis
• 4 days later develops fevers, dizziness and gait instability



75 Year Old Male

• On arrival to the ED is febrile to 101, WBC of 12
• MRI brain shows multifocal punctate lesions in multiple vascular 

territories concerning for septic emboli
• Blood cultures x3 obtained…negative
• TEE…negative for vegetation



Does he have endocarditis?



Diagnosis

• Modified Duke Criteria (2000)
• Major
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• Typical microorganisms consistent with IE from 2 separate blood cultures
• Single positive blood culture for Coxiella burnetii or antiphase I IgG antibody 

titer >1:800.



Diagnosis

• Modified Duke Criteria (2000)
• Major

• Microbiology
• Typical microorganisms consistent with IE from 2 separate blood cultures
• Single positive blood culture for Coxiella burnetii or antiphase I IgG antibody titer 

>1:800.
• Endocardial involvement

• Echocardiogram positive for IE
• Oscillating intracardiac mass, on valve or supporting structures, or in the path of 

regurgitant jets, or on implanted material,
• Myocardial Abscess
• New partial dehiscence of prosthetic valve
• New valvular regurgitation.



Typical IE Microorganisms



Typical IE Microorganisms

• Staphylococcus aureus
• Viridans streptococci
• Streptococcus Bovis
• Community Acquired Enterococci without a source
• HACEK group (Haemophilus, Aggregatibacter, Cardiobacterium, 

Eikenllea, Kingella spp.)



Duke Criteria

• Minor Criteria



Duke Criteria

• Minor Criteria
• Fever >38 C (100.4 F)
• Predisposing heart condition or IV Drug Use
• Vascular phenomenon

• Major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial 
hemorrhage, conjunctival hemorrhage, Janeway lesions

• Immunologic phenomenon
• Glomerulonephritis, Osler's nodes, Roth spots, presence of rheumatoid factor

• Positive blood culture not meeting major criterion 



Duke Criteria

• Definite Endocarditis

• Possible Endocarditis
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• Definite Endocarditis
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• Possible Endocarditis



Duke Criteria

• Definite Endocarditis
• 2 major criteria
• 1 major criteria and 3 minor
• 5 minor criteria

• Possible Endocarditis
• 1 major criteria, 1-2 minor
• 3-4 minor criteria



Michigan Medicine Protocol



Michigan Medicine Protocol



Duke Criteria

• Minor Criteria
• Fever >38 C (100.4 F)
• Predisposing heart condition or IV drug Use
• Vascular phenomenon

• Major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial 
hemorrhage, conjunctival hemorrhage, Janeway lesions

• Immunologic phenomenon
• Glomerulonephritis, Osler's nodes, Roth spots, rheumatoid factor

• Positive blood culture not meeting major criterion 



• Survey of 318 Swiss Physicians
• 73.4% believed the Duke Criteria defined “Predisposing Heart Condition”



Predisposing Cardiac Conditions

• 2007 - Prevention of Infective Endocarditis Guidelines From 
the American Heart Association 

• Antibiotic Prophylaxis for:
• Unrepaired cyanotic congenital heart disease
• Recently repaired cyanotic heart disease with prosthetic material in the 

last 6 months 
• Repaired cyanotic heart disease with prosthetic material and residual 

shunt
• Prosthetic valves
• Previous IE
• Transplanted heart with valvulopathy



• Bicuspid Aortic Valve (BAV)
• 416 patients with BAV in Olmsted County, MN from 1980 – 1999
• Relative risk of IE in native BAV was 16.9 (P <0.0001) 



• Mitral Valve Prolapse
• 896 Olmsted County, MN residents with MVP from 1986 - 2006
• Relative Risk of IE of 8.1 (P<0.001) 
• Highest risk in MVP with moderate, moderate-severe or severe mitral 

regurgitation  



• 558 patients with Staph Aureus IE
• 23.1% had an intra-cardiac device (PPM, ICD, prosthetic valve)



Michigan Medicine Protocol



How sensitive/specific are 
the Duke Criteria?



Duke Criteria



Duke Criteria



MM Protocol - Initial Work-Up



Blood Cultures



Echocardiography

• Sensitivity for the diagnosis of vegetations? 
• TTE

• Native valves ~70%
• Prosthetic valves ~50%

• TEE
• Native valves 96% 
• Prosthetic valves 92%

• Specificity?
• ~90% for both TTE and TEE
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Echocardiography

• Sensitivity for the diagnosis of vegetations 
• TTE

• Native valves ~70%
• Prosthetic valves ~50%

• TEE
• Native valves 96% 
• Prosthetic valves 92%

• Specificity
• ~90% for both TTE and TEE



TEE

• 1988 Study
• 96 Endocarditis Patients and identifiable vegetations on echocardiography

• Only 20 patients had surgery
• Reported 100% sensitivity of TEE





Echocardiography



MM Protocol - Echocardiography



Case Presentation



75 Year Old Male

• Culture negative endocarditis work-up is negative

• Cardiac PET
• Focus of intense FDG uptake in the anterolateral aspect of the mitral annulus 

concerning for active infection or inflammation



PET-CT

• 92 patients with definite prosthetic valve endocarditis 
• 76 underwent PET/CT-A
• Increased sensitivity of Duke Criteria to 91%
• 90.6% specificity



PET-CT



2015 European Society of Cardiology 
Endocarditis Guideline



Should we screen asymptomatic 
patients for septic emboli?



Screening for Emboli?

• Prospective study
• 81 patients with definite IE, all had CT/CT-A brain within 2 weeks of diagnosis
• 51 (63%) had evidence of embolization – 17 of which were silent
• Prompted changes in management in 21% of cases



Screening for Emboli?

• 130 patients with endocarditis, all had MRI/A of the brain within 7 days of admission
• Only 12% had neurologic symptoms
• 82% had “cerebral lesions”
• 32% of non-definite cases of endocarditis were upgraded to “possible” or “definite”
• Led to modification of therapeutic plan in 28%



Screening for Emboli?

• Prospective study of 58 patients who underwent MRI Brain and Abdomen within 7 
days of admission

• Abdominal MRI by itself did not lead to upgrades in diagnosis or changes in 
management plan



MM Protocol – Screening for Emboli



Should we be looking for a 
source?



Portal of Entry

• All patients had CT head/chest/abdomen/pelvis
• All patients were seen by Dentist/ENT/Urologist
• Women seen by Gynecologist
• Patients with organisms from GI tract or age >50 underwent colonoscopy
• 238/314 patients (74%) found to have potential portals of entry for IE



Portal of Entry



MM Protocol - Portal of Entry



Management

• North American Guidelines
• 2015 IDSA and AHA Guidelines

• 2015 European Society of Cardiology Guidelines



MM Protocol - Management



Surgical Indications

• AHA Guidelines
• Class I Indications

• Valve dysfunction resulting in symptoms or signs of heart failure.
• IE caused by fungal or highly resistant organisms (eg, vancomycin-resistant 

Enterococcus, multidrug-resistant Gram-negative bacilli)
• IE complicated by heart block, annular or aortic abscess, or destructive 

penetrating lesions
• Evidence of persistent infection (manifested by persistent bacteremia or 

fever lasting >5-7 days and provided that other sites of infection and fever 
have been excluded) after the start of appropriate antimicrobial therapy



Surgical Indications

• AHA Guideline
• Class IIa indications

• Recurrent emboli and persistent or enlarging vegetations despite 
appropriate antibiotic therapy

• Severe valve regurgitation and mobile vegetations >10 mm
• Class IIb indication

• Mobile vegetations >10 mm, particularly when involving the anterior 
leaflet of the mitral valve and associated with other relative indications for 
surgery



Risk of Emboli

• 847 patients in multi-center retrospective study
• Emboli in 8.5% of patients at median time of 6.5 days after initiation of antibiotics
• Highest incidence in first two weeks

• 44.9 per 1000 patient weeks in 1st week
• 21.3 per 1000 patient weeks in 2nd week
• 2.4 per 1000 patient weeks after 2nd week



Risk of Emboli



Risk of Emboli

• Factors contributing to risk of embolism
• Increasing age 
• Diabetes
• Atrial fibrillation
• Embolism before antibiotics
• Vegetation length >10 mm
• Staphylococcus aureus infection



• 2001 Retrospective Study
• 288 patients from 1978-1993

Timing of Surgery After Stroke



• International Collaboration on Endocarditis (ICE)
• 198 Patients with stroke who underwent surgery
• No in-hospital or 1-year mortality benefit to delaying surgery after stroke

Timing of Surgery After Stroke



• Surgery during the index hospitalization is associated with lower 
mortality but is performed less frequently in the highest risk patients.

• One-quarter of left-sided IE cases with indications for surgery did 
not undergo surgery due to operative risk factors, such as sepsis, but 
surgery was associated with a survival benefit after adjustment for 
operative risk.





MM Protocol – Surgery



Infective Endocarditis at Michigan Medicine



Infective Endocarditis at Michigan Medicine

• Previous Management Model



Infective Endocarditis at Michigan Medicine

• No existing registry or database of patients
• How do our outcomes compare to national numbers?
• How frequently do we operate on patients?
• Mortality for surgical vs. medical management?
• Is there consistent documentation regarding decision making 

process?



Infective Endocarditis at Michigan Medicine

• 1-year retrospective review of patients admitted with IE 
• Charts identified by search using an internal research tool (Data 

Direct) with ICD-9 and 10 codes previously used in other 
epidemiologic studies



Infective Endocarditis at Michigan Medicine

• Between July 1, 2014 and June 30, 2015
• 179 patients identified
• 105 cases of definite and possible endocarditis by Duke Criteria
• 78 cases of definite endocarditis
• 68 cases of definite endocarditis AND at least 1 indication for surgery per the 

2015 American Heart Association guidelines



Surgical Indications

• AHA Guidelines
• Class I Indications

• Valve dysfunction resulting in symptoms or signs of heart failure
• IE caused by fungal or highly resistant organisms (eg, vancomycin-resistant 

Enterococcus, multidrug-resistant Gram-negative bacilli)
• IE complicated by heart block, annular or aortic abscess, or destructive 

penetrating lesions
• Evidence of persistent infection (manifested by persistent bacteremia or 

fever lasting >5-7 days and provided that other sites of infection and fever 
have been excluded) after the start of appropriate antimicrobial therapy



Surgical Indications

• AHA Guidelines
• Class IIa indications

• Recurrent emboli and persistent or enlarging vegetations despite 
appropriate antibiotic therapy

• Severe valve regurgitation and mobile vegetations >10 mm
• Class IIb indication

• Mobile vegetations >10 mm, particularly when involving the anterior 
leaflet of the mitral valve and associated with other relative indications for 
surgery



Infective Endocarditis at Michigan Medicine

• 68 patients with definite endocarditis and surgical indications
• Overall in-hospital mortality: 29.4%



Infective Endocarditis at Michigan Medicine

• 17 patients (25%) without a documented cardiac surgery consult
• In-hospital mortality for these patients: 47.1%
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Infective Endocarditis at Michigan Medicine

• 17 patients (25%) without a documented cardiac surgery consult
• In-hospital mortality for these patients: 47.1%

• 51 patients with documented cardiac surgery consultation
• 26 patients managed medically

• In-hospital mortality: 38.5%, 2-year mortality 65.4%
• 25 patients underwent surgery

• In-hospital mortality: 8% ; p = 0.01, 2-year mortality 20% ; p =  0.001
• Mean time to consult from admission: 7.1 days
• Mean time to surgery from consult: 7.3 days

Presenter
Presentation Notes
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Differences Between Surgically and Medically 
Managed Patients

Variable Surgical Management
(n=25)

Medical Management 
(n=26)

P-Value

Acute HD (%) 0 26.9 0.006
ICU Stay (%) 24 53.8 0.03
Mitral Valve (%) 16 42.3 0.04
Staph Aureus 
Bacteremia (%)

8 34.6 0.02

>2 Indications for 
Surgery (%)

12 38.5 0.03

STS Risk of Mortality 
>8% (%)

28.6 60 0.03



Documented Reasons for Deferring Surgical 
Intervention

Reason for Deferring Surgery Number of Cases (n = 26)

High Peri-Operative Mortality 13 (50%)

Continued IV Drug Use 5 (19.2%)

Not Clearly Stated 2 (7.7%)

Patient Co-morbidities 2 (7.7%)

TPN Dependence 1 (3.8%)

Illness Acuity 1 (3.8%)

Patient/Family Declined 1 (3.8%)

Deconditioning 1 (3.8%)



In-Hospital Outcomes for Critically Ill Patients
Variable Mortality for 

Surgically Managed 
Patients (%)

Mortality for 
Medically Managed 

Patients (%)

P-Value

All Patients 8 (n =25) 38.5 (n =26) 0.01

STS Risk of Morality >8% 16.7 (n=6) 73.3 (n=15) 0.02

ICU Patients 0 (n = 6) 85.7 (n = 14) 0.02

Vasopressor 
Requirement

0 (n =5) 77.8 (n = 9) 0.003

Mechanical Ventilation 0 (n =4) 85.7 (n =7) 0.003

ICU/Vasopressors/Mech
anical Ventilation

0 (n=4) 83.3 (n=6) 0.01



Summary

• In-hospital mortality and 2-year mortality was significantly improved 
for patients who underwent surgical valve replacement

• Critically ill patients are often not referred for or offered surgery but 
may still benefit from surgical intervention

• There is room for improving communication between providers
• There are likely other unidentified factors contributing to higher 

patient mortality



How can we do better?

Presenter
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Increase in 
Mortality

Transfer Delay
Delayed/No 
Surgical Eval Surgery Not Offered

Delayed Diagnosis Delayed 
Surgery

Lack of Follow-up

ID follow-up only occurs at completion of 
antibiotics 

High peri-operative mortality

Intravenous drug use

Patient transferred to general 
medicine rather than 
cardiology or CT surgery

Patient not seen <24 hours after consult

Curbside rather than formal consult

APP communication

Patient felt to be poor surgical candidate

Primary team does not recognize 
surgical indication

Bed shortage at MM

Delayed diagnosis at OSH

Patient acuity not accurately 
conveyed via telephone Patient felt to be improving

Distance to Michigan Medicine

Complexity of surgery/surgeon 
experience

Busy surgical service

TTE not ordered for suspicious organism

Culture negative/atypical cases

Inexperience of admitting team

Incomplete transfer records

Difficulty obtaining/reliance on TEE OR availability 

Additional/repeat testing requested

OR staff availability

Cardiology not involved in case

Surgical follow-up felt 
unnecessary or scheduled too 
far out

Patient receives primary medical care 
elsewhere

Lack of communication between ID 
and CT surgery

Presenter
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Mortality - 18.5%

1992, implementation of 
specialized consultants

1991 2006

2002, implementation of 
endocarditis team & protocol

Mortality – 8.2%

Botellho-Nevers et al. Arch Intern Med. 2009.

173 cases 160 cases





2015 ESC Endocarditis Guideline



Multidisciplinary Endocarditis Team

December
2016 – Chart 
Review
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Multidisciplinary Endocarditis Team

December
2016 – Chart 
Review

June 2018 –
First Cases

November 
2017 – IM 
M&M and 
planning 
meeting

February 2018 –
Present at 
cardiology faculty 
meeting

May 2018 –
First meeting

September 
2017 – Study 
Completed



Multidisciplinary Endocarditis Team

• Implemented June 14, 2018
• 3 Infectious Diseases Specialists
• 2 Cardiac Surgeons
• 2 Cardiologists
• 1 Stroke Neurologist
• 1 Cardiac Surgery PA
• 1 ID Pharmacist

• Institutional Protocol Developed
• Best Practice Advisory created in Epic encouraging cardiac surgery consultation for 

endocarditis patients









Best Practice Advisory



ID Consult Order



Multidisciplinary Endocarditis Team

• Implemented June 14, 2018
• As of June 13, 2019

• 119 discussed cases



Infective Endocarditis Mortality

29.4%

~17%

2015
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7.6%

~17%

Infective Endocarditis Mortality

29.4%

~17%

2015 2019
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Overall Outcomes
Patient Outcome 2018-2019 (n=119)

Total Inpatient mortality, % (n) 7.6 (9)
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Overall Outcomes
Patient Outcome 2018-2019 (n=119)
Definite IE, % (n) 64.7 (77)

Definite IE mortality, % (n) 5.2 (4)

Total Inpatient mortality, % (n) 7.6 (9)
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Overall Outcomes
Patient Outcome 2018-2019 (n=119)
Definite IE, % (n) 64.7 (77)

Definite IE mortality, % (n) 5.2 (4)

Possible IE, % (n) 32.8 (39)

Possible IE mortality, % (n) 10.3 (4)

Total Inpatient mortality, % (n) 7.6 (9)
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Definite Endocarditis with 
Surgical Indication Outcomes

Variable 2014 - 2015 2018-2019 P-Value
Definite IE and Surgical 
Indications (n)

68 56

Inpatient Mortality (%, n) 29.4 7.1 (4) <0.0001
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Definite Endocarditis with 
Surgical Indication Outcomes

Variable 2014 - 2015 2018-2019 P-Value
Definite IE and Surgical 
Indications (n)

68 56

Inpatient Mortality (%, n) 29.4 7.1 (4) <0.0001

Surgery Performed (%) 41 55.4 0.12
Average time from 
admission to surgery 
(days)

14 11.4 0.29

Average length of 
hospital stay prior to 
Cardiac Surgery consult 
(days)

7.1 2 <0.0001



Definite Endocarditis with Surgical Indication 
Outcomes

Mortality 2014-2015 2018-2019 P-Value

Overall, % (n) 29.4 (20) 7.1 (4) <0.0001

Medical 
Management, % 

(n)

45 (18) 16 (4) 0.02

Surgical 
Management, % 

(n)

7.1 (2) 0 (0) 0.13



Surgery for Active Endocarditis

Academic Year Active Endocarditis Surgical 
Cases

Annual Average (2014-2018) 35.75

2018-2019 52

Presenter
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Microbiologic Diagnoses
Microorganism 2014-2015 (n = 68) 2018-2019 (n = 56) P-Value

MSSA, % (n) 14.7 (10) 26.8 (15) 0.10
MRSA, % (n) 10.3 (7) 10.7 ((6) 0.94

Coagulase Negative 
Staphylococcus, % (n)

10.3 (7) 5.4 (3) 0.32

Viridans Streptococcus, 
% (n)

17.6 (12) 23.2 (13) 0.44

Group B Streptococcus, 
% (n)

4.4 (3) 5.4 (3) 0.80

Enterococcus, % (n) 10.3 (7) 10.7 (6) 0.94
Fungal, % (n) 10.3 (7) 1.8 (1) 0.06

Polymicrobial, % (n) 8.8 (6) 3.6 (2) 0.24
Culture Negative, % (n) 4.4 (3) 5.4 (3) 0.80

Other, % (n) 8.8 (6) 7.1 (4) 0.73



Patient Variables
Variable 2014-2015 (n = 68) 2018-2019 (n = 56) P-value

Average Age (years) 57.5 50.7 0.02
Male Gender, % (n) 60.3 (41) 62.5 (35) 0.80
OSH Transfers, % (n) 65.7 (44) 60.7 (34) 0.57

Average Days to 
Transfer

8.5 8.7 0.90

IV Drug Use, % (n) 14.7 (10) 14.3 (8) 0.95
Diabetes 26.5 (18) 16.1 (9) 0.16

ESRD 16.2 (11) 14.3 (8) 0.77
Acute Renal Failure 16.2 (11) 0 (0) 0.002
Prosthetic Valve, % 

(n)
51.5 (35) 28.6 (16) 0.01

Presence of CIED, % 
(n)

13.2 (9) 12.5 (7) 0.91

Aortic Valve 
Involvement

52.9 (39) 57.1 (32) 0.64

Mitral Valve 
Involvement

42.6 (29) 44.6 (25) 0.82

Cerebral Emboli, % 
(n)

27.9 (19) 50 (28) 0.01



Patient Variables
Variable 2014-2015 (n = 68) 2018-2019 (n = 56) P-value

ICU Admission, % (n) 48.5 (33) 64.3 (36) 0.08
Vasopressor 

Requirement, % (n)
34.3 (23) 39.3 (22) 0.57

Mechanical 
ventilation, % (n)

29.9 (20) 55.4 (31) 0.004

Heart Failure from IE, 
% (n)

48.5 (33) 50.0 (28) 0.87

IE Complicated by 
Heart Block/Abscess, 

% (n)

26.5 (18) 23.2 (13) 0.67

Persistent Bacteremia, 
% (n)

7.4 (5) 16.1 (9) 0.13

Recurrent Emboli, % 
(n)

42.6 (29) 26.8 (15) 0.07

Vegetation >10 mm, % 
(n)

29.4 (20) 32.1 (18) 0.75

Mean STS Risk Score, 
%

11.8 9.8 0.40



Combined Cohort Regression Analysis for 
Predictors of In-Hospital Mortality

Variable Estimate Standard 
Error

Z-Value P-Value

Age -0.0237 0.018 -1.62 0.11
Gender -1.055 0.582 -1.81 0.07

Diabetes -1.210 0.572 -2.12 0.03
Prosthetic 

Valve
-0.754 0.526 -1.43 0.15

Heart Failure -0.956 0.521 -1.83 0.07
Vasopressor 0.37 0.735 0.50 0.51
Mechanical 
Ventilation

-0.587 0.721 0.82 0.42

ICU 
Admission

-1.345 0.803 -1.68 0.09

Year 1.70 0.547 3.28 0.001



Propensity Matched Analysis
Outcome 2014-2015 2018-2019 t-statistic

Overall In-hospital 
Mortality, %

34 5.7 -2.91

Medical 
Management In-

Hospital Mortality, %

52.2 13 2.39

Surgical 
Management In-

Hospital Mortality, %

0 0 N/A

Patients Managed 
Surgically, %

37.8 56.7 1.63

Time to Surgery 
(days)

11.57 11.64 0.02



Multidisciplinary Endocarditis Team

Change in Plan of Care Proportion of case (n=56)

Any change 83.9 (47)

Change in antibiotic plan 62.5 (35)

Change in surgical planning 21.4 (12)

Recommended TEE 16.1 (9)

Recommended additional neurologic imaging 7.1 (4)

Recommended additional infectious work-up 7.1 (4)

Recommended other additional diagnostic 
imaging

23.2 (13)

• Changes in plan of care based upon involvement of 
Multidisciplinary Endocarditis Team



Additional Research
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Additional Team Research



Additional Team Research



UPMC Endocarditis Work Group
• Multidisciplinary team comprised of:

• Cardiac Surgery
• Addiction Medicine
• Infectious Diseases
• Neurology
• Psychiatry
• Pharmacy
• Social work

• Meet weekly on Tuesday from 2-3 PM via Teams

125



Future Directions

Development of a stand-alone Infectious Diseases Consult Service 
focusing on patients with endocarditis

Initially staffed by 1 attending physician and 1 APP
• Will provide continuity for inpatients throughout their hospitalization
• Will help to standardize practice
• Serve as a liaison between ID, addiction medicine, and cardiac surgery



Future Directions

• Development of a protocol to select patients for:
• Courses of oral antibiotics
• Shorter durations of therapy in patients who 

undergo surgery

• Standardize Endocarditis Team Documentation
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Questions?

eldalatisa@upmc.edu

Presenter
Presentation Notes
The Logistics for an Endocarditis Team: -Confirmed IE patients should be closely directed by the specialist team -“The patient should be nursed in a specialist area by staff with the competencies to recognize deteriorating valve function and other complications”-All cases should be discussed immediately on transfer or admission by the Cardiologist, Cardiac Surgeon, and ID doc-If surgery appears likely, the surgeon should immediately discuss timing, preparations, and OR booking time-The MDT should meet regularly to follow the progress of inpatients and referrals, make decisions about their management, and discuss and develop general management protocols and policies

mailto:seldalat@med.umich.edu
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