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ABSTRACT 

Background and objective The Duke criteria have been validated in different countries as significantly more effective than the 
Von Reyn criteria in diagnosing infective endocarditis (IE). Confronted with this issue of significance of merit, this study deter
mined the diagnostic sensitivity, specificity and predictive values of Duke clinical criteria using pathologically confirmed cases as 
gold standard. 

Methods and results Out of the 91 patients suspected to have infective endocarditis who satisfied Duke clinical criteria, 45 
patients underwent surgical intervention with pathological confirmation; 40 patients were included in the study. Twenty seven 
patients were classified in the definite category and 5 were classified as rejected. Sixty-six percent in the definite category had 2
major criteria. Two by two tables were done wherein the possible category was incorporated in the rejected category, the sensitiv
ity and specificity of Duke criteria is 86% and 82%, respectively with a ( +) PV of 92, (-) PV of 69. Incorporation of the possible 
to definite category showed a sensitivity and specificity of 96% and 36% with a ( +) PV and a (-) PV of 80%. The likelihood ratio 
for definite, possible and rejected categories were 4.8, 0.2, 0.08, respectively. 

Conclusion Duke criteria for infective endocarditis is sensitive and specific with a high positive and negative predictive value 
for diagnosing IE. A definite category by Duke is 4.8x more likely to occur in patients with IE with a posttest probability of 
>90% based on the normogram proposed by Fagan. Modification of the Duke criteria was done to collapse the possible category
into the rejected category. With this modification, the diagnostic acumen obtained from the definite Duke clinical criteria was still
preserved.

INTRODUCTION 

Infective endocarditis (IE) is a life threatening 
infection and estimated to occur in 10/10000 adlnis
sions in the Philippine Heart Center (PHC). 

In a high proportion of cases it is difficult to diag
nose with certainty, because of the following reasons; 
first, the rarity of the disease; second, the highly vari
able and sometimes non-specific nature of the clinical 
manifestations; and third, the low incidence of blood 
culture positivity in suspected patients in our institu
tion. Clinicians are frequently challenged by the dis
tinctions between endocarditis and alternative foci of 
infection which make them rely more on the presence 
of various clinical findings none of which alone is 
pathognomonic of the disease. 
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The categories proposed by Von Reyn (Beth Israel 
criteria) were rapidly accepted, reflecting both the 
merit and the lack of clear diagnostic criteria at that 
time, and widely used even today (1). However, sev
eral authors have criticized these criteria in recent 
years because of the necessity for a pathologic confir
mation to designate a case as definite IE and the lack 
of modem echocardiographic methods to detect val
vular vegetation. 

Because of these limitations, Durack et al, of the 
Duke University Medical Center Endocarditis Service 
designed a new schema for diagnosing IE modeled 
after the Jones criteria for the diagnosis of rheumatic 
fever and incorporates echocardiographic findings into 
the clinical assessment (2). The new criteria was 
shown to be superior to the Von Reyn criteria in the 
clinical diagnosis of infective endocarditis. 
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Although the Duke criteria have been validated 
abroad as significantly more effective than the Von 
Reyn Criteria (3,4,5), it will also be very important for 
us to validate this new criteria locally for the following 
reasons: 1. To help establish incidence of statistics; 2. 
To determine epidemiologic trends; 3. To design new 
clinical trials for therapy and its prevention; and 4. To 
optimally evaluate the success of antibiotic regimens 
adjusted by type, dosage and duration of therapy for 
the likelihood of underlying IE. 

Faced with the issue of significance and merits of 
the Duke criteria in the diagnosis of IE, this study will 
determine the diagnostic sensitivity, specificity and 
predictive values of Duke clinical criteria for diagnos
ing IE among patients suspected of having the disease 
admitted at the PHC using pathologically confirmed 
cases as gold standard. (Refer to Table 1 and 2 for the 
Duke's criteria for infective endocarditis and definition 
of terms). 

Table 1. Proposed new criteria for the diagnosis of 
infective endocarditis 

Definite Infective Endocarditis 
Pathologic criteria 

Microorganisms demonstrated by culture or his
tology in a vegetation, or in a vegetation that 
has embolized. intracardtia abscess or, 
Pathologic Lesions: vegetation or intracardiac ab
scess present, confirmed by histologic showing 
active endocarditis. 

Clinical criteria, using specific definitions for these 
terms as listed in Table 2 

2 major criteria, or 
1 major and 3 minor criteria. or 
5 minor criteria 

Possible Infective Endocarditis 
Findings consistent with infective endocarditis that has 
fallen short of definite but not rejected. 

Rejected 
Firm alternate consistent with infective endocarditis or 
Resolution of infective endocarditis syndrome. with 
antibiotic therapy for 4 days or less or 
No pathologic evidence of infective endocarditis at 
surgery or at autopsy, with antibiotic 4 days or' less 

MATERIALS AND METHODS 

This is a cohort study of 40 patients suspected of 
having infective endocarditis admitted at PHC from 
January 1991 up to December 1996, who underwent 
surgical intervention for IE with histologic diagnosis. 
Patients were classified into the Duke criteria and the 
results were correlated with the histopathologic find
ings. 
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Table 2. Definition of terms used in the Duke 
Criteria 

Major Criteria 
Positive blood culture for infective endocarditis 

• Typical microorganism for infective endocarditis 
from two separate blood cultures 

i. Viridans streptococci. streptococcus bo-
vis, HACEK group, or 
ii. Community acquired staph. aureus 
Persistently positive blood culture or entero
coccu in the absence of a primary focus 
or defined as microorganism consistent 
with infective endocarditis from 
i. Blood cultures drawn more than 12
hours apart, or 
ii. all of three, or majority of four or 
more separate blood cultures. with the first 
and last drawn at least 1 hour apart 

• Evidence of Endocardial involvement: 
Positive echocardiogram for infective endo
carditis: 
i. oscillating intracardiac mass. on valve
or supporting structures, or in the path of
regurgitant jets, or iatrogenic devices, in
the absence of an alternative anatomic ex
planation, or
ii. abscess, or
iii. new partial dehiscence of prosthetic 
valve, or 

New valvular regurgitation (worsening or 
changing of preexisting murmur not sufficient). 

Minor Criteria 
Predisposition: predisposing heart condition or intra-
venous drug use 
Fever: > 38. 0 C 
Vascular phenomena: arterial embolism. septic pulmo
nary infarcts. mycotic aneurysm, intracranial hemor
rhage, janeway lesions. 
Immunologic phenomena: glomerulonephritis. Osiers 
nodes. Roth spots 
Echocardiogram: consistent with infective endocarditis 
but not meeting the major criterion as noted previ
ously 
Microbiologic evidence: positive blood culture but not 
meeting the major criterion as noted previously, or 
serologic evidence of infection with organism consis
tent with infective endocarditis 

Measures of validity including sensitivity, speci
ficity, predictive values and likelihood ratios were de
termined for the Duke Criteria for diagnosing infective 
endocarditis. 

RESULTS 

A total of 91 patients who were suspected to have 
IE satisfied Duke's clinical criteria. Out of this, 45 pa
tients underwent surgical intervention within the pe
riod of confinement with histopathologic results. 
Forty patients were included in this study. Five pa
tients were excluded because of the inability to re
trieve their charts. There were 32 (80%) males and 8 

162 



(20%) females with a mean age of 24 years (4 months 
old to 52 years old) for both sexes. The rest of the 
demographic characteristics is listed in Table 3. The 
indication for surgical intervention is likewise shown 
in Table 4. 

Table 5 lists the various combinations of major 
and minor criteria that classified episodes as definite, 
possible and rejected endocarditis. Majority were as
sociated with two major criteria (66%). A significant 
proportion (44%) were associated with 1 major criteria 
and 3 minor criteria. No patient presented with 5 mi

nor criteria. Table 6 shows the frequency of the diag
nostic criteria in the subgroups defined by Duke crite
ria. Only a few of the patients with definite clinical 
criteria presented with a positive blood culture (12%) 
and with only 8% meeting the mint1r microbiologic 
criteria. All of the definite episodes had an echocar
diographic evidence of IE. Twenty six (96%) of pa
tients with clinically definite IE presented with an os
cillating echogenic density noted on the involved valve 
and the same number of the patients had a predispos
ing heart disease. 

Table 8A shows a modification of the Duke crite
ria wherein the possible IE category was reduced. Pa
tients who initially were in the possible category (1 
major and 2 minor, 4 minor criteria) were added in the 
rejected category. With this modification, the diag
nostic criteria established by Durack et al showed a 
sensitivity and specificity of 86% and 82%, respectively 
with a positive predictive value of 92% and a negative 
predictive value of 69%. 

In Table 8B the threshold of positive vs. negative 
was put in a different place. Additional modification 
of the Duke criteria was done. Patients belonging to 
the possible category (1 major and 2 minor criteria, 4 
minor) were incorporated to the definite category. 
This 2x2 table shows the sensitivity increased to 96% 
with a decline in the specificity to 36%. The positive 
and negative predictive values were both 80%. Table 7 
shows the distribution of patients into the Duke crite
ria predicted 92% of IE cases while the rejected criteria 
predicted 80% of the negative IE criteria. 

The likelihood ratio for a definite, possible and 
rejected IE were 4.8, 0.2 and 0.08, respectively (Table 
8). 

DISCUSSION 

Infective endocarditis is a relatively uncommon, 
life threatening infection estimated to occur in 
10/10000 admissions in the Philippine Heart Center. 

The 4 cardinal oslerian manifestations of infective 
endocarditis are bacteremia or fungemia, evidence of 
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active valvulitis, peripheral embolic events and im
munologic vascular phenomena (8,9). In its full blown 
state, the diagnosis of IE is clear. But in the absence of 
the typical stigmata and culture negative patients the 
diagnosis of IE is difficult. There are 2 major shifts in 
the demographics of IE that have occurred in the last 
20 years and have altered the oslerian manifestations 
of this infection: 1. An increase in the incidence of 
prosthetic valve recip1ents, intravenous drug abusers 
and geriatric age group (9,10); and 2. A shift in etio
logic organism from streptococcal predominance to an 
increasing number of staphylococcal coagulase posi
tive and negative (9). These notable shifts in the clini
cal presentation of IE have necessitated the develop
ment of a modified criteria for 

Table 3. Demographic and Clinical Features 

Age 

Mean 

Range 

Sex 

Male 

Female 

Type of valve 

Native 

Prosthetic 

Treatment (Antibiotic) 

Sulbactam/ Ampicillin 

+Netilmicin

Penicillin G Na 

+�tilmicin

Ampicillin + Gentamicin 

Cephalexin + Gentamicin 

Cephalexin +Netilmicin 

Co-Amoxyclav + Netilmicin 

Ceftazidime + Netilmicin 

Ceftriaxzone 

Penicillin G Na 

+Amikacin

Ciprofloxacin 

Duration of Antimicrobial treatment 

Average 

Range 

Blood Culture (+) 

isolated organisms 

Streptococci sp. 

Staph. Coag (+) 

Staph. Coag (-) 

Salmonella sp 

In hospital Mortality 

Congestive Heart Failure 

Ventricular Arrhythmia 

Sepsis 

24 

4 months 

32 (80%) 

8 (20%) 

38 (98%) 

2 (2%) 

20 (50%) 

5 (13.5%) 

( 2.7%) 

2 ( 5.4%) 

2 ( 5.4%) 

( 2.7%) 

( 2.7%) 

( 2.7%) 

3 8.1%) 

2 5.4%) 

19 days 

2-42 days 

6 (15%) 

3 

5 (13%) 

3 

- 52 y/o 
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Table 4. Predisposing Factors 

Congenital Heart Disease 

TOF 

TGA, DORV 

Fenestrated MV 

Bicuspid Aortic Valve 

PDA 

VSD 

Rheumatic Heart Disease 

AR 

AS 

AR + MR 

AR+ MS 

MS 

Mitral Valve Prolapse 

Prosthetic Valve 

s/p MAVR 

s/p AVR 

s/p bioprosthetic MV 

None 

Total 

Table 5. Indication for surgical 

Congestive Heart Failure 

Periannular abscess 

Septic Embolism 

Prosthetic Valve Dysfunction 

Patch dehiscence 

Others 

Autopsy 

Bective 

No. (%) 

19 (47%) 

7 

2 

7 

16 (40%) 

2 

3 

5 

3 

3 

1 (3%) 

3 (8/%) 

(3%) 

40 

intervention 

10 (56%) 

7 (19%) 

2 (5%) 

2 (5%) 

1 (3%) 

5 (14%) 

2 

3 

Table 5. Percentage of major and minor diagnostic 
category used in Duke criteria 

2 Major 

1 Major and 3 minor 

5 Minor 

18 (66%) 

9 (34%) 

0 

the diagnosis of this life threatening infection. Von 
Reyn and colleagues (1) proposed a schema for strict 
case definition of infective endocarditis. But 2 prob
lems became apparent, the criteria did not recognize 
intravenous drug abuser (IVDA) and no echocar
diographic parameters were included. Because of 
these limitations, Durack et al (2) combined the Beth 
Israel criteria with echocardiographic findings to de-
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velop the Duke criteria. This criteria stratifies patients 
suspected of having IE into 3 risk categories, pathol
ogically definite or clinically definite, possible and re
jected cases. 

The Duke and Von Reyn criteria have been di
rectly compared in 4 clinical trials (2,11,12,13). All 4 
studies showed that in patients proven to have IE by 
surgery or by autopsy, the Duke criteria were signifi
cantly more sensitive than the Von Reyn in clinically 
diagnosing infective endocarditis. These studies em
phasize the diagnostic importance of echocardiogram 
in defining cases as clinically definite IE. 

Two studies have quantified the diagnostic acu
men of Duke criteria. Dodds et al (14), noted 52 epi
sodes in which the diagnosis of IE was rejected based 
on the Duke. criteria. Of the 52 episodes, 31 had an 
alternate diagnosis and 21 had fever that resolved 
spontaneously following 4 days or fewer days with 
antibiotic treatment. There were 2 patients that were 
rejected that turned out to be positive for IE. Their 
calculated negative predictive value of a rejected case 
of IE is at least 98%. Hoen et al (15), likewise applied 
the criteria to 100 patients with fever of unknown ori
gin, 65% of rejected patients had firm alternate diag
nosis whereas 35% had resolution of their clinical syn
drome with either short term or no antimicrobial 
treatment. One patient who was initially diagnosed to 
have UTI was reclassified as IE base on the presence of 
new murmur and 3 minor criteria. The specificity of 
Duke criteria was noted to be 99%. In our local study, 
25 out of the 27 cases labeled as definite category in 
the Duke criteria had vegetations with microorganisms 
confirmed by histologic findings. Our positive predic
tive value is 92% while 4 out of 5 cases were classified 
as rejected category giving a negative predictive value 
of 80%. There were no local as well as foreign studies 
that reclassified and modified the Duke criteria 
(11,12,13,14). In our study, patients that belong to the 
possible category (i.e. 1 major and 2 minor; 4 minor) 
was reduced either into the definite or the rejected 
category. In Table 8A, the possible category was col
lapsed and added into the rejected category. With this 
type of modification of the criteria set by Durack, the 
sensitivity and specificity was noted to be 86% and 
82%, respectively. We tried another alternative modi
fication of the Duke criteria wherein the possible cate
gory was now reclassified into the definite category. 
This 2x2 table (Table 8B) showed a further increase in 
the sensitivity of the Duke criteria to 96% but a sub
stantial decline in specificity was noted (SC%). With 
this analysis, the diagnostic information derived from 
a definite Duke criteria is lost and likewise interprets 
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the possible category results as if they increase the 
likelihood of a definite IE. 

Based on the calculated likelihood ratio, a definite 
category by Duke is 4.8x likely to occur in a patient 
with IE as opposed to patients without IE with a post
test probability of >90% based on the normogram pro
posed by Fagan (7). Our calculated negative predic
tive value of a rejected category based on Duke criteria 
is 80%. 

SUMMARY 

Infective endocarditis is a multisystem disease 
and patients may present with diverse clinical fea-

VALIDATION OF DUKE CRITERIA ... 

tures. In the absence of direct histopathologic and mi
crobiologic examination of valvular vegetations, the 
diagnosis of IE depends on the detection of endocar
dial abnormalities by ECHO (16) and the isolation of 
microorganism from the blood. 

Our study showed that the Duke criteria for the 
clinical diagnosis of IE is sensitive and specific with a 
high predictive value among patients highly suspected 
of having the disease. The close association of Duke 
criteria in delineating cases as definite in which surgi
cal confirmation is available is reassuring and it is 
clear that the use of echocardiogram has been the ma
jor innovation in the Duke criteria, resulting in the im
proved sensitivity of this diagnostic modality as 

Table 6. Frequency of diagnostic criteria in the subgroups defined by Duke criteria 

Definite (%) Possible (n•29) Rejected (%) 
N-27 N-8 N=5 

Major Criteria 
(+) Blood culture 

Typical organism 01(4) 
Persistently (+) culture 01(4) 
Both 01(4) 

Evidence of Endocardial 
Involvement 
(+) Echocardiogram 
Oscillating target 26(96) 07(88) 

Abscess 08(35) 
PV dehiscence 01(4) 

New Valvular regurgitation 15(49) 
Minor Criteria 

Predisposition 
Heart Disease 26(96) 08(100) 05(100) 
IVDA 0 0 0 

Fever 27(100) 08(100) 05(100) 
Vascular phenomena 

Arterial Emboli 05(22) 
Mycotic Aneurysm 01(4) 
CNS 02(9) 
Janeway lesions 03(13) 
Conjunctiva! Hge 03(14) 

Immunologic 
Glomerulonephritis 06(22) 
Osiers 
Roth spot 
Rheumatoid factor 04{15) 

Microbiologic evidence 02(8) 01( 12) 
Suggestive echo findings 01(4) 01(12) 

Table 7. Test properties of Duke criteria 

(+) 
Histopath 

(-) Likelihood ratio 
Duke Criteria No. Prop No. Prop 

Definite 25 25/29-.86 2 2/11-. 18 4.8 
Possible 03 03/29-.10 5 5/11•.45 0.2 
Rejected 01 01/29-.003 4 4/11•.36 0.08 
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Table 8A Comparison of the result of Duke criteria with the histopathologic result* 

Histopath Total 

Duke Criteria 
Definite 
Possible/Rejected 

Total 
Sensitivity • 86%, Positive Predictive valoo = 92 
Specificity • 82%. Negative Predictive valoo • 69 

(+) 

25 

04 
29 

• Possible category collapsed in the rejected category 

(-) 

02 
09 
11 

27 
13 
40 

Table 8B. Comparison of the result of Duke criteria with the histopathologic result* 

Histopath Total 

Duke Criteria 
Definite 
Possible/Rejected 

Total 
Sensitivity - 96%, Positive Predictive valoo • 80 
Specificity • 36%, Negative Predictive valoo • 80 
• Possible category collapsed into the defirvte category 

(+) 
28 
01 
29 

compared to other criteria for defining IE. Modifica
tion of the criteria may be done with the possible cate
gory grouped into the rejected category so- as to pre
serve the diagnostic acumen obtained from definite 
Duke criteria. 

LIMITATION 

There were 8 patients that did not fall into the 
definite and rejected category of the criteria and were 
labeled as possible IE category. Patients stratified to 
the possible category suggest that additional modifi
cation of the Duke criteria is needed to reduce this 
designation. This may involve providing more quali
fying criteria for inclusion in the definite or rejected 
category such as 1 major and 2 minor and 4 minor cri
teria. Furthermore, practically almost all of the pa
tients that were included in this study received ade
quate antibiotic therapy that could have diminished 
the positive histopathologic findings of IE thus affect
ing the analysis of the Duke criteria. 
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