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Background. The 2023 Duke-International Society of Cardiovascular Infectious Diseases (ISCVID) criteria for infective endocarditis
(IE) were introduced to improve classification of IE for research and clinical purposes. External validation studies are required.

Methods. We studied consecutive patients with suspected IE referred to the IE team of Amsterdam University Medical Center (from
October 2016 to March 2021). An international expert panel independently reviewed case summaries and assigned a final diagnosis of
“IE” or “not IE,” which served as the reference standard, to which the “definite” Duke-ISCVID classifications were compared. We also
evaluated accuracy when excluding cardiac surgical and pathologic data (“clinical” criteria). Finally, we compared the 2023 Duke-
ISCVID with the 2000 modified Duke criteria and the 2015 and 2023 European Society of Cardiology (ESC) criteria.

Results. A total of 595 consecutive patients with suspected IE were included: 399 (67%) were adjudicated as having IE; 111
(19%) had prosthetic valve IE, and 48 (8%) had a cardiac implantable electronic device IE. The 2023 Duke-ISCVID criteria were
more sensitive than either the modified Duke or 2015 ESC criteria (84.2% vs 74.9% and 80%, respectively; P <.001) without
significant loss of specificity. The 2023 Duke-ISCVID criteria were similarly sensitive but more specific than the 2023 ESC
criteria (94% vs 82%; P <.001). The same pattern was seen for the clinical criteria (excluding surgical/pathologic results). New
modifications in the 2023 Duke-ISCVID criteria related to “major microbiological” and “imaging” criteria had the most impact.

Conclusions. The 2023 Duke-ISCVID criteria represent a significant advance in the diagnostic classification of patients with
suspected IE.

Keywords. infective endocarditis; diagnosis; Duke criteria; validation.

Infective endocarditis (IE) is often difficult to diagnose. To en- advocated the use of case definitions with strict criteria to diag-

sure comparability of data sets, von Reyn et al in 1981 [1] nose IE. In 1994, Durack et al [2] extensively revised these cri-

teria to improve sensitivity, while maintaining specificity.

These criteria became known as the “Duke criteria” and were
Received 05 June 2023; editorial decision 20 November 2023; published online 8 February
2024
Correspondence: T. W. van der Vaart, Department of Internal Medicine, Amsterdam
University Medical Center, Meibergdreef 9, Room D3-226, Amsterdam 1105AZ, The
Netherlands (t.w.vandervaart@amsterdamumc.nl); J. T. M. van der Meer, Department of
Internal Medicine, Amsterdam University Medical Center, Meibergdreef 9, Room D3-226,
Amsterdam 1105AZ, The Netherlands (j.t.vandermeer@amsterdamumec.nl).
Clinical Infectious Diseases®  2024;78(4):922-9

validated by multiple cohort studies using varying populations
and reference standards [3-8].

In 2000, the criteria were updated as the “modified Duke
criteria,” which have become the diagnostic standard in

both clinical and research settings [9-13]. Since then, the ep-
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idemiology of and diagnostic approach to IE have changed.
For example, cardiac implantable electronic devices (CIEDs)
became more common, transcatheter aortic valve implanta-
tion was introduced, and newer diagnostic imaging techniques,
such as fluorine 18—fludeoxyglucose (‘**F-FDG) positron emis-
sion tomography (PET)/computed tomography (CT) and
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cardiac CT, have been improved and widely implemented [14,
15]. The 2015 European Society of Cardiology (ESC) guidelines
for the diagnosis and treatment of IE included "*F-FDG PET/CT
and cardiac CT results as major criteria in order to improve on
the modified Duke criteria [16], with the 2023 ESC criteria pro-
viding further update on these criteria [17].

The 2023 Duke-International Society of Cardiovascular
Infectious Diseases (ISCVID) criteria aim to provide further
improvement in the diagnosis of IE by updating and expanding
multiple aspects of the prior modified Duke criteria [18].
Validation studies are needed to inform users of the real-world
strengths and limitations of the 2023 Duke-ISCVID criteria.
The goal of the current investigation was to evaluate the diag-
nostic accuracy of the 2023 Duke-ISCVID criteria and compare
it with that of the 2000 modified Duke criteria and the 2015 and
2023 ESC criteria.

METHODS

Study Design

We used a consecutive series of patients referred to the
Amsterdam University Medical Center (UMC) IE team be-
tween October 2016 and March 2021. To complete the data
set for the current investigation, a new data extraction was per-
formed from the electronic health records in May 2023. This
project was exempted from formal ethical approval by the insti-
tutional review board of the Amsterdam UMC because all anal-
yses involved routinely available and deidentified data. This
report was prepared according to the 2015 Standards for
Reporting Diagnostic Accuracy studies guideline [19].

Participants

All patients aged >18 years with suspected or confirmed IE
were referred to the multidisciplinary IE team and subse-
quently recorded in its registry. Patients could be referred to
the IE team with any level of suspicion for IE by attending
or consulting physicians. Patients could also be referred by
outside hospitals for academic or surgical consultation on cas-
es not directly admitted to the Amsterdam UMC.

Data Sources, Variables, and Procedures

All information for evaluation by the 2023 Duke-ISCVID, 2023
ESC, 2015 ESC, and 2000 modified Duke classification
(“definite,” “possible,” or “rejected” IE) was derived from
patient records. Information on demographic and clinical char-
acteristics, treatment and outcome was collected by the coordi-
nating investigator and trained collaborators. Each patient was
followed for up to 1 year after the initial evaluation by the IE
team, and relapses of bloodstream infection or new IE with
the same pathogen were recorded. Episodes of IE with a new
pathogen, or with the same pathogen after >1 year, were re-
corded as a new case.

Definitions

For each criteria set (2000 modified Duke, 2015 ESC, 2023 ESC,
and 2023 Duke-ISCVID), we used the definitions for definite,
possible, and rejected IE, as well as their definitions of major
and minor criteria, as described elsewhere [16-18, 20].
Comorbidity was classified using the Charlson comorbidity in-
dex. Alternative and concurrent diagnoses (eg, vertebral osteo-
myelitis or marantic endocarditis) were based on the report of
the local IE team and treating physician. For each case, 2 clas-
sifications were made: one with all available data including re-
sults from surgery and, if applicable, postmortem examination,
and another using only the clinical data available before surgery
or death (the “clinical” criteria).

Reference Standard

The clinical diagnosis of IE is based on a collection of symp-
toms and test results, but it can only be diagnosed with cer-
tainty by direct examination of the infected endocardium at
surgery or necropsy, preferably in the acute phase. This defin-
itive reference standard is impossible to obtain for many pa-
tients, and using pathologic results alone would result in
considerable selection bias. To overcome this lack of a usable
reference standard, we implemented an adjudication commit-
tee to determine a final diagnosis of “IE” or “not IE” in each
case.

Adjudication Panel

The adjudication panel consisted of an international panel of 12
experienced clinicians, all experts in the field of IE (D. T. D.,
L.M. B, A S B,E D.M, T. L H, A WK, J. M. M,,
P.M., M.R,C.S.S,V.G.F.,and]. T. M. v. d. M.). The panel
adjudicated cases as described elsewhere [21]; each case was in-
dependently adjudicated by 2 experts. When there was agree-
ment, the diagnosis was accepted as final. In the event of
disagreement, a third adjudicator ruled on the diagnosis.
Each adjudicator had the option to request additional clinical
information from the study coordinator (T. W. v. d. V.).
Adjudication occurred independently and anonymously, and
cases were randomly assigned. Adjudicators were aware of
the study purpose and were specifically instructed to use their
overall clinical knowledge, reasoning and “gestalt,” and to not
apply any version of diagnostic criteria for IE.

Experts used an anonymized electronic case record form that
contained essential variables to attain their final diagnosis. The
written instructions to the adjudication committee members
and a printout of the adjudication form are provided as
Supplementary Materials. Adjudicators were also asked to
specify whether they would treat or not treat for IE in each
case, to quantify treatment variation and diagnostic uncertain-
ty. Culture results, clinical variables, and outcomes could be
missing for cases referred from other hospitals. Details on
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handling of missing data are provided in the Supplementary
Materials.

Statistical Analysis

We calculated the sensitivity and specificity of the full 2023
Duke-ISCVID, 2023 ESC, 2015 ESC, and 2000 modified
Duke criteria compared with the reference standard provided
by the adjudication panel. For analysis purposes, “definite IE”
was selected as a positive test result, while both “possible IE”
and “rejected IE” constituted a negative test result. We also cal-
culated the same measures for the clinical criteria, where surgi-
cal and pathologic findings were excluded. Diagnostic accuracy
measures were calculated, and 95% exact binomial confidence
intervals were obtained. Differences in sensitivity and specific-
ity between criteria sets were tested using the McNemar test.

False-negative cases—for which the adjudication panel
diagnosis was IE but the 2023 Duke-ISCVID criteria
classification was possible or rejected IE—were explored
descriptively, as were cases where the panel diagnosis was
“no IE” but the Duke-ISCVID classification was definite IE
(false-positives). Agreement between adjudicators was as-
sessed using Cohen « values. To evaluate the added value of
the changes proposed by the 2023 Duke-ISCVID criteria, we
compared the sensitivity and specificity of the 2000 modified
Duke criteria alone and with the respective changes to these
criteria.

We also assessed the diagnostic value of each 2023
Duke-ISCVID major and minor criterion by removing them
from the full set of criteria and calculating the resulting diag-
nostic accuracy measures and true-positive rates. All statistical
analyses were done using R software, version 4.2.2 [22]. The
epiR and DTComPair R software packages were used for the

main analyses.

Sensitivity and Subgroup Analyses

We performed 3 separate sensitivity analyses: (1) excluding pa-
tients who did not undergo transesophageal echocardiography
(TEE), (2) excluding those without surgical and/or postmortem
results, and (3) considering both definite and possible IE using
2023 Duke-ISCVID criteria as a positive test result. For sub-
group analyses, we calculated sensitivity and specificity of the
4 criteria sets separately for patients with prosthetic valves
and patients with CIED.

Power Calculation and Sample Size

Including the 595 patients in the registry, assuming a 65% prev-
alence of IE, a sensitivity of 90%, and a specificity of 95%, would
give us 90% power to detect a difference of 5% for sensitivity
and 78% power to detect a difference of 5% for specificity of
the 2023 Duke-ISCVID criteria compared with other criteria
sets. A 2-sided o value of 5% was set for determination of stat-
istical significance.

RESULTS

Patient Characteristics

Between October 2016 and March 2021, 595 patients were referred
to the Amsterdam UMC IE team and were included in the current
analysis (Table 1). Of those patients, 285 were directly admitted to
the Amsterdam UMC, 226 were transferred from an outside hos-
pital, and 84 were referred for academic or surgical consultation
but were not admitted to the Amsterdam UMC. One-year follow-
up was complete for 398 patients (67%); the median follow-up du-
ration in patients alive at last contact but without complete 1-year
follow-up was 47 days (interquartile range, 7-127 days) since first
discussion by the IE team. Blood cultures were collected in all pa-
tients, 558 (94%) underwent transthoracic echocardiography at
least once, and 445 (75%) underwent TEE at least once; only 7 pa-
tients (1%) did not undergo echocardiography. 8p_FDG PET/CT
and cardiac CT were performed in 331 (56%) and 136 (23%) of the
patients, respectively.

IE Diagnosis

The adjudication panel concluded that 399 (67%) patients had IE.
Patient characteristics are given in Table 1. Native valve IE was
present in 198 patients (33%), prosthetic valve IE in 111 (19%),
and CIED IE in 48 (8%); 42 patients (7%) had another cardiac ni-
dus or negative imaging findings. In 521 cases (88%), both adju-
dicators agreed on the diagnosis, while in 74 (12%) the opinion of
a third adjudicator was needed. Interrater variability was good
(Cohen k= 0.72). The most common diagnoses in the 196 pa-
tients (33%) adjudicated as “no IE” were gram-positive bactere-
mia with an alternative focus (n=71) and gram-positive
bacteremia without an alternative focus (n = 44) (Table 2).

Diagnostic Accuracy of the 2023 Duke-ISCVID Criteria

With the adjudication panel diagnosis as the reference standard,
the sensitivity of the “full” 2023 Duke-ISCVID criteria (including
surgical and pathologic) was 84.2% (95% confidence interval,
80.3%-87.7%), and the specificity was 93.9% (89.6%-96.8%).
Compared with the 2015 ESC criteria, the 2023 Duke ISCVID cri-
teria were more sensitive (P<.001), with equal specificity
(P>.99), while compared with the 2023 ESC criteria, the 2023
Duke-ISCVID criteria had similar sensitivity (P = .23) but signifi-
cantly greater specificity (93.9% vs 82.1%; P < .001). Table 3 lists
diagnostic accuracy measures for the 4 different criteria sets and
statistical comparisons between the criteria. Supplementary
Table 1 provides raw numbers per classification for each set of cri-
teria, compared with the reference standard. Supplementary
Table 2 provides the interval likelihood ratios for each
classification.

Diagnostic Accuracy of Clinical Criteria

When excluding surgical and pathologic results, the sensitivity
and specificity of the 2023 Duke-ISCVID criteria were 79% (95%
confidence interval, 74.6%-82.3%) and 93.9% (89.6%-96.8%),
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Table 1. Epidemiologic and Clinical Characteristics

Patients by Diagnosis, No. (%)?

Characteristic IE (n=399) No IE (n=196)
Demographics and medical history
Age, median (IQR), y 7 (56-75) 63 (54-73)
Male sex 294 (73.7) 127 (64.8)
Charlson comorbidity index, median (IQR) 0 (1-4) 2.0 (1-4)
Congenital heart disease 5(8.8) 12 (6.1)
Previous IE 2 (10. 5) 13 (6.6)
Active injection drug use 7 (1. 1(0.5)
Native valve disease 105 (26 3) 47 (24.0)
Prosthetic heart valve 162 (40.6) 55 (28.1)
Aortic 111 (27.8) 36 (18.4)
TAVR 5 (6. ) 4 (2.0)
Mitral 6 (9. 22 (11.2)
Pulmonic 1(2. 3(1.5)
Tricuspid 7 (1. ) 3(1.5)
CIED 76 (19.0) 27 (13.8)
Clinical characteristics
Fever® 291 (72.9) 116 (59.2)
Janeway lesions® 23 (5.8) 1(0.5)
Osler nodes® 13(3.3) 1(0.5)
Roth spots® 4(1.0) 4(2.0)
Cerebral emboli 66 (16.5) 12 (6.1)
Splenic emboli 31(7.8) 3(1.5)
Vertebral osteomyelitis 27 (6.8) 15(7.7)
Causative microorganism
Streptococcus species 121 (30.3) 13 (6.6)
Staphylococcus aureus 98 (24.6) 3(37.2)
Coagulase-negative staphylococci 34 (8.5) 16 (8.2)
Enterococcus species 39(9.8) 11 (5.6)
HACEK group 14 (3.5) 2 (1.0
Culture negative 27 (6.8) 53 (27.0)
Other 66 (16.5) 28 (14.3)
Diagnostic procedures and management
TTE 374 (93.7) 184 (93.9)
TEE 337 (84.5) 108 (565.1)
'8F-FDG PET/CT 226 (56.6) 105 (53.6)
Cardiac CT 114 (28.6) 23 (11.7)
Surgery 144 (36.1) 13 (6.6)
Duration of antimicrobial treatment, median (IQR), d 42.0 (34-48) 26.0 (12-43)
Relapse infection with same pathogen within 1y 7 (4.3) 2 (1.0)
2023 Duke-ISCVID criteria
Major criteria
Predisposing condition 281 (70.4) 106 (54.1)
Imaging 363 (91.0) 38 (19.4)
Microbiology 313 (78.4) 98 (50.0)
Minor criteria
Fever 291 (72.9) 116 (59.2)
Vascular phenomena 131 (32.8) (23 O)
Immunologic phenomena 28 (7.0) 1 (5.
Microbiology 43 (10.8) 6 (18. 4)

Abbreviations: "®F-FDG, fluorine 18 fludeoxyglucose; CIED, cardiac implantable electronic device; CT, computed tomography; HACEK, Haemophilus, Aggregatibacter, Cardiobacterium,
Eikenella, Kingella; |E, infective endocarditis; IQR, interquartile range; ISCVID, International Society of Cardiovascular Infectious Diseases; PET, positron emission tomography; TAVR,

transcatheter aortic valve replacement; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.

“Data represent no. (%) of patients unless otherwise specified.
®Data missing in 34 patients.
°Data missing in 40 patients.

9Data missing in 429 patients (no fundoscopy performed).
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respectively (Table 4). Again, the 2023 Duke-ISCVID and 2023
ESC criteria had statistically comparable sensitivity (P =.09),
but specificity was better for the 2023 Duke-ISCVID criteria

Sensitivity Analyses
Diagnostic accuracy results for patients who underwent TEE
and surgically confirmed cases were similar to the results from

(P <.001). the main analysis, indicating that the 2023 Duke-ISCVID crite-

ria had improved sensitivity without a statistically significant

Table 2. Alternative Diagnoses in 196 Patients Without Infective
Endocarditis

loss in specificity compared with the previous criteria
(Supplementary Tables 3A and 3B and 4A and 4B). If definite
plus possible IE designations were classified as a positive test re-

Patients, e cpros
Diagnosis No (%) sult, the 2023 Duke-ISCVID criteria had 99% sensitivity, but the
e o) < . . i

CIED pocket or device infection, without IE 402 specificity decreased to 21%, with a corresponding negative pre
Fever after cardiac surgery 7(4) dictive value of 98% and positive predictive value of 72%.
Fever of unknown origin 7 (4)
Gram-negative sepsis with alternative focus 6(3) Performance of the 2023 Duke-ISCVID Criteria in Selected Subgroups
Gram-negative sepsis without alternative focus 2(1) The 2023 Duke-ISCVID criteria were also more sensitive than the
Gram-positive sepsis with alternative focus 71(36) 2000 modified Duke and 2015 ESC criteria for diagnosing IE in
S/lram'f_os't'\;e Seii_s without alternative focus 4;1 Ef) patients with a prosthetic valve (n =217) and in patients with a

arantic enaocarditis .
Multiple strokes of suspected cardiac origin 6 (3) CIED (n=103). Full data are shown in Supplementary
Native valve abnormalities (new regurgitation, new valvular 20 (10) Table 5A and 5B.

mass, or degenerative valve disease)
Other 15 (11) Patients Misclassified by the 2023 Duke-ISCVID Criteria
Prosthetic valve dehiscence 12 (6)

Among the 399 patients adjudicated as having IE, 336 had
definite IE according to the 2023 Duke-ISCVID criteria

Abbreviations: CIED, cardiac implantable electronic device; IE, infective endocarditis.

Table 3. Diagnostic Accuracy of Criteria Sets Compared With Reference Standard: “Full” Criteria®

P Value®
Sensitivity Specificity Sensitivity vs Specificity vs
Criteria (95% Cl), % (95% Cl), % NPV (95% Cl), % PPV (95% Cl), %  Duke-ISCVID Sensitivity Duke-ISCVID Specificity
Modified Duke 74.9 (70.4-79.1) 94.9 (90.8-97.5) 65.0 (69.2-70.6) 96.8 (94.1-98.4) <.001 .16
criteria
2015 ESC criteria 80.0 (75.7-83.8) 93.9 (89.6-96.8) 69.7 (63.8-75.2)  96.4 (93.8-98.1) <.001 >.99
2023 ESC criteria 85.5 (81.6-88.8) 82.1(76.1-87.2) 73.5(67.2-79.2)  90.7 (87.3-93.4) 22 <.001

Duke-ISCVID
criteria

84.2 (80.3-87.7) 93.9 (89.6-96.8) 74.5(68.6-79.8)  96.6 (94.1-98.2)

Abbreviations: Cl, confidence interval; ESC, European Society of Cardiology; ISCVID, International Society of Cardiovascular Infectious Diseases; NPV, negative predictive value; PPV, negative
predictive value.

“Diagnostic accuracy with adjudication panel as the reference standard. “Full” criteria include histologic and microbiological results obtained from cardiac surgery. The absolute numbers for
each classification-diagnosis combination are listed in Supplementary Table 1.

P values based on McNemar test statistics [23].

Table 4. Diagnostic Accuracy of Criteria Sets Compared With Reference Standard: “Clinical” Criteria®

P Value®
Sensitivity Specificity Sensitivity vs Specificity vs
Criteria (95% Cl), % (95% Cl), % NPV (95% Cl), % PPV (95% Cl), %  Duke-ISCVID Sensitivity Duke-ISCVID Specificity
Modified Duke 69.9 (65.2-74.4) 94.9 (90.8-97.5) 60.8 (65.1-66.3)  96.5 (93.7-98.3) <.001 .16
criteria
2015 ESC criteria 74.9 (70.4-79.1) 93.9 (89.6-96.8) 64.8 (68.9-70.3)  96.1 (93.4-98.0) <.001 1
2023 ESC criteria 80.7 (76.5-84.5) 82.1(76.1-87.2) 67.7 (61.3-73.6)  90.2 (86.6-93.1) .09 <.001

Duke-ISCVID
criteria

79.0 (74.6-82.9) 93.9 (89.6-96.8) 68.7 (62.7-74.2)  96.3 (93.7-98.1)

Abbreviations: Cl, confidence interval; ESC, European Society of Cardiology; ISCVID, International Society of Cardiovascular Infectious Diseases; NPV, negative predictive value; PPV, positive
predictive value.

“Diagnostic accuracy with adjudication panel as the reference standard. The “clinical” criteria exclude histologic and microbiological results obtained from cardiac surgery. The absolute
numbers for each classification-diagnosis combination are listed in Supplementary Table 1.

PP values based on McNemar test statistics [23].
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B Sensitivity ® Specificity

2000 Modified Duke criteria

+ New microbiologic major criteria

+ New imaging major criteria

+ New predispaosition minor criteria

+ New vascular minor criteria

+ New immunologic minor criteria

+ Microbiologic minor criteria

+ Combined minor criteria

2023 Duke-ISCVID criteria
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Figure 1.
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Sensitivity or Specificity, %

Added value of each change in the Duke—International Society of Cardiovascular Infectious Diseases (ISCVID) criteria compared with the modified Duke criteria.

Each point (square for sensitivity, circle for specificity) provides the diagnostic accuracy measure for the 2000 modified Duke criteria with the addition of a specific change
from the Duke-ISCVID criteria. Horizontal bars represent 95% confidence intervals for the point estimates; top points, modified Duke criteria without addition; bottom points,

complete Duke-ISCVID criteria.

(true-positives). Twelve patients were classified as false-
positive, and 63 as false-negative. Supplementary Table 6 de-
tails clinical and epidemiologic data stratified for true- and
false-positive and for true- and false-negative cases. Of the 63
false-negative cases, 52% met the major imaging criterion of
the 2023 Duke-ISCVID criteria, and 24% had macroscopic ev-
idence of IE at cardiac surgery, albeit without histopathologic
confirmation. Negative blood cultures were more common in
false-negative cases (22% vs 3.9% in true-positive cases). Of
the 12 patients classified as false-positive, all had gram-positive
bacteremia, 5 had an alternative focus for infection, while 7 had
no alternative infectious focus for bacteremia. In 8 of the 12
false-positive cases, one or both adjudicators would treat the
patient for IE despite adjudicating the case as “no IE,” indicat-
ing a level of diagnostic uncertainty for these cases.

Improvement in Individual Criteria of 2023 Duke-ISCVID Criteria Compared
With 2000 Modified Duke Criteria

The effect of each addition of the 2023 Duke-ISCVID criteria
on sensitivity and specificity, compared with the 2000 modified

Duke criteria, is shown in Figure 1. The changes in “major mi-
crobiological” and “imaging” criteria resulted in the greatest in-
crease in sensitivity, while the effects of the changes to the
minor criteria were minimal.

Individual Contribution of Each Criterion of the 2023 Duke-ISCVID Criteria
to True-Positive Classifications

The major microbiological and major imaging criteria were the
most important modifications for correctly classifying patients
as having definite IE; removal of either criterion from the 2023
Duke-ISCVID criteria would result in a >50% reduction in pa-
tients being correctly classified as having definite IE.
Modifications to the minor criteria had less impact but still re-
sulted in establishment of a correct “definite IE” classification
in 0.3%-7.4% of patients (Supplementary Table 7 and
Supplementary Figure 1). Eliminating the new surgical major
criterion (for direct surgical observation, without subsequent
histopathologic or microbiological confirmation) did not result
inloss in true-positive classifications by the 2023 Duke-ISCVID
criteria.
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DISCUSSION

In this cohort study, the 2023 Duke-ISCVID criteria would
have resulted in improved sensitivity and similar specificity
compared with both the 2000 modified Duke and the 2015
ESC criteria while also having comparable sensitivity and better
specificity than the 2023 ESC criteria. Changes in the major im-
aging and major microbiological criteria were largely responsi-
ble for these diagnostic advancements.

Validation of diagnostic criteria for IE is challenging when a
perfect reference standard, in this case histopathology for all
patients, is lacking. .An expert adjudication panel was the
best alternative; moreover, this approach has been used in ear-
lier studies validating previous versions of the Duke criteria [8,
24, 25].

Our investigation provides evidence that the 2023
Duke-ISCVID criteria should replace previous versions of the
Duke criteria because they have superior sensitivity and com-
parable specificity. While the 2023 Duke-ISCVID criteria can
provide a useful framework to assist in the diagnosis of IE, cli-
nicians should be aware that the sensitivity of the criteria is not
perfect. This is apparent in the sensitivity analysis of the 2023
Duke-ISCVID clinical criteria in surgically treated patients.
The sensitivity of the clinical criteria in this group was 75%, in-
dicating that 25% of patients who will have surgically con-
firmed IE did not meet the clinical criteria for definite IE
before surgery. Using a combination of both the definite and
the possible classifications to define IE would be of limited
use, as the specificity of this combination would be unaccept-
ably low (21%). Clinicians should always consider pretest prob-
ability and the full clinical picture when deciding on treatment
for individual patients, because not meeting the “definite” clas-
sification of the criteria does not mean that IE is excluded. In
fact, in circumstances with a high pretest probability such as
bacteremia with Streptococcus gordonii, the probability of IE
in the event of a “possible IE” classification may still be >10%
(Supplementary Table 8).

We identified areas for possible improvement of the criteria.
The addition of the direct surgical observation as a new major
criterion resulted in no additional classifications of true-
positive cases. All patients fulfilling this criterion either met
the major imaging criterion or had histologic or microbiologi-
cal confirmation of IE with surgery, both of which excluded the
use of the surgical observation major criterion. We also found
that the minor criteria for immunologic phenomena rarely re-
sulted in additional classification of true-positive cases. If these
findings are confirmed in subsequent validation studies, future
versions of the 2023 Duke-ISCVID criteria could potentially al-
ter or remove this criterion. It is also noteworthy that the 2023
ESC criteria had a much lower specificity than the 2023
Duke-ISCVID criteria and older versions of the Duke criteria
(82% vs 94%, respectively). This lower specificity is likely the

result of the addition of findings that are not specific for IE,
such as adding valve thickening as an imaging lesion character-
istic of IE and adding osteoarticular infection as a vascular phe-
nomenon [17, 26, 27].

A major strength of the current study is the relatively unse-
lected study population, which included patients without IE,
but in whom the diagnosis of IE was clinically considered.
Because sensitivity and specificity can vary based on the prev-
alence of a disease, one should evaluate diagnostic criteria in
a cohort that closely resembles the population in which they
will be used [28]. We believe our cohort is an appropriate rep-
resentation of this population.

This study has a number of limitations. First, only a single
referral center was used. Second, the prevalence of people
who inject drugs in this cohort was low (as is characteristic in
the Netherlands). Third, the use of '*F-FDG PET/CT was rela-
tively high, which will not be generalizable to many healthcare
settings. Fourth, the use of an adjudication panel may have led
to occasional misclassifications. This possibility however, is, in-
evitable when using an adjudication panel, because it is impos-
sible to eliminate all diagnostic uncertainty. However,
agreement between our expert adjudicators was high (87.6%),
which bolsters our confidence in its use as a reference standard.
Finally, not all patients underwent TEE, and documentation of
fever and peripheral IE stigmata was missing in 7% of patients.

In conclusion, this study showed that the 2023
Duke-ISCVID criteria improve the diagnostic classification of
patients with suspected IE. Pending validations of these new
criteria in other cohorts, our findings support the introduction
of the 2023 Duke-ISCVID criteria into current research and
clinical practice.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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