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Background: Constructing diagnostic criteria, a com-
mon problem in clinical medicine, is particularly diffi-
cult for diseases that lack a pathognomonic “gold stan-
dard.” To develop an improved strategy for constructing
such criteria, we used the eosinophilia-myalgia syn-
drome as an example. The goal, for research classifica-
tions, was to construct validated clinically sensible cri-
teria and to develop improved methods that can be used
for other disorders.

Methods: Using a “pattern-based” approach with data
from several separate sources, a committee of investiga-
tors first prepared and informally tested criteria for the
diagnosis of eosinophilia-myalgia syndrome. A gold
standard challenge set of reports of cases and noncases
was independently generated and separately validated
by an external panel of clinical experts. The criteria
were then tested using the gold standard set, and

interobserver variability and diagnostic accuracy were
determined.

Results: Interobserver variability showed the following
mean proportionate agreements: 98.7% for the presence
of specific criteria elements, 99% to 100% for diagnosis,
and 97% to 98% for diagnostic pattern. � Values were cor-
respondingly high. Diagnostic accuracy showed sensitiv-
ity at 88%, specificity at 97%, and overall accuracy at 92%.

Conclusions: The proposed criteria are accurate and re-
producible, and can be used in future clinical investiga-
tions of the eosinophilia-myalgia syndrome. The new strat-
egy and methods developed for this challenge can be
valuable for solving analogous problems in construct-
ing criteria for other clinical disorders.
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D ESPITE THE importance
of a well-del ineated
method for defining cri-
teria for new diseases,1

constructing classifica-
tion or diagnostic criteria is a particularly
difficult challenge for conditions, such as
rheumatologic or neurologic disorders,
that cannot be identified from a “gold
standard” feature provided by unique
morphologic characteristics or laboratory
test results. Criteria for such disorders
have been previously developed with
either a peremptory or a trial-and-error
process. In the peremptory method, the
components of the criteria are directly cho-
sen by a single person,2 a committee,3-6 or
a mathematical algorithm.7,8 In the trial-
and-error approach,9-13 the initially pro-
posed elements considered important in
the diagnoses of eosinophilia-myalgia syn-
drome (EMS) and related disorders are
selected for inclusion only after being in-
dividually evaluated for efficacy using di-
verse statistical tests and/or judgmental
consensus.

In confronting the challenge of delin-
eating diagnostic criteria, we wanted to use
the trial-and-error approach todevelopclini-
cally “sensible” criteria, but we also wanted
to improve some of the imperfections in the
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prior development of analogous cri-
teria.14 In addition to our personal in-
terest inEMS,15 wechose toworkwith
this disease because (1) it had been a
diagnostic challenge in clinical prac-
tice and epidemiological studies; (2)
the original Centers for Disease Con-
trol and Prevention surveillance cri-
teria,16 developed by consensus of a
committee, had not been validated or
tested for performance; and (3) vari-
ous experts had urged that an “addi-
tional clinical definition” was needed
for EMS.17

Before this project’s incep-
tion, a new set of criteria had been
proposed by one of us (P.A.H.),
based on personal experience and on
a review of the clinical reports of 20
patients selected from a published
literature of 245 EMS cases.18 Ap-
pearing in a published summary19 of
a meeting of EMS researchers in De-
cember 1994, these early criteria rec-
ognized EMS as a multisystem dis-
ease14,17,20-22 with an early phase,23

distinctive but not unique histo-
pathological features, and a more di-
verse late phase. The early new cri-
teria served as a starting point for this
project.

We report the new approach
and methods, because they could be
particularly valuable, not just for the
EMS challenge but also for other dis-
orders in the future.

BASIC STRATEGIES

A crucial consideration in construct-
ing disease criteria is the availability

of an acceptable gold standard for test-
ing accuracy. Because EMS lacks dis-
crete pathognomonic features, we
thought that the best surrogate gold
standard for testing the criteria would
be a set of reports of EMS cases and
noncases that were generated and
validated by an external panel of
experts. In the past, when gold stan-
dard reports for testing disease crite-
ria have been collected, the com-
mon approach has been to accept the
reports provided by expert clini-
cians who are usually members of the
same group developing the criteria.
Instead, for the present study, we de-
veloped a unique approach in which
the gold standard reports would come
from the consensus of an indepen-
dent panel of experts who had exten-
sive clinical experience with this dis-
ease, but who did not participate in
the development or testing of the cri-
teria. These “external” experts would
submit reports of cases and non-
cases and would review reports that
they had not submitted. Those re-
ports in which the experts agreed
strongly on the diagnosis would be-
come part of the gold standard set. Al-
though any gold standard, regard-
less of method of construction, would
be arbitrary, we believed that this
approach would result in the most
appropriate objective standard pos-
sible.Thegoldstandardreportswould
then be used separately to test the
criteria.

In planning the new criteria, we
chose a format containing patterns of
disease that combined groups of clini-

cal and laboratory “descriptors” or el-
ements. As exemplified by the modi-
fied Jones criteria for rheumatic
fever24 and by the TNM staging sys-
tem for cancer,25 such patterns are
easy to understand and can readily be
appraised for clinical “sensibility.”
This type of sensibility is not imme-
diately apparent when a diagnosis
comes from arbitrary counts of an ar-
ray of possible elements10 or from
purely mathematical rules for pre-
paring either weighted scores7,26 or ar-
bitrarily partitioned clusters.7,26

To promote reproducibility, the
elements of the criteria were de-
fined in an accompanying glossary.
The performance of the elements
was initially checked for consistent
use among observers, and then re-
checked after pertinent modifica-
tions. As a last step, the modified cri-
teria would be challenged for
accuracy against the gold standard
set of cases and noncases.

METHODS

Three rheumatologists (D.J.C., J.D.,
and T.A.M.) and a clinical epidemi-
ologist (A.R.F.) joined one of us
(P.A.H.) as a “coordinating commit-
tee” to develop the methods de-
scribed herein.

The project involved 4 stages:
(1) construction and modification of
preliminary criteria via consensus
and informal testing by the coordi-
nating committee, (2) develop-
ment of a gold standard set of EMS
cases and noncases by an indepen-
dent panel of experts, (3) formal
evaluation of the reproducibility and
accuracy of the criteria when tested
against the gold standard set, and (4)
preparation of the final version of the
criteria. The 4 stages are outlined in
the Figure and discussed in the sec-
tions that follow.

CONSTRUCTION AND
MODIFICATION OF
THE NEW CRITERIA

Initial Phase

The committee compiled an initial list
of 45 elements considered impor-
tant in the diagnosis of EMS and re-
lated disorders, and then, by consen-
sus, reduced the list to 10 elements.
To identify clinical patterns of EMS,

1. Construction and Modification of Preliminary Criteria With Informal Testing

2. Development of a “Gold Standard” Set to Test the Accuracy of the Criteria

3. Formal Testing of the Criteria Using the Gold Standard Set

4. Preparation of the Final Version of the Criteria

List and Prioritize Important Clinical Elements of the Disease
Identify Clinical Patterns of the Disease
Specify Glossary of Terms
Designate Exclusions
Construct Preliminary “Pattern-Based” Criteria
Informally Test Criteria Using a “Learning Set” of Cases and “Noncases”
Modify Criteria Based on Informal Testing and Consensus

Enlist an Independent External Expert Panel
Experts Submit Reports Representing Disease and Nondisease Cases
Experts Blindly Diagnose Each Report
Expert Panel Diagnoses Become the Gold Standard for Testing the Criteria

Committee Members Blindly Diagnose Each Gold Standard Report Using Proposed Criteria
Diagnoses Using the Criteria Are Compared With the Gold Standard Diagnoses of the External Experts
Interobserver Variability and Diagnostic Accuracy Are Calculated
If Criteria Performance is Unacceptable, Revise Criteria and Retest With a New Set of Gold Standard Cases

Final Minor Revisions in Wording Based on Results of the Formal Testing, Review of the Participants’ Comments, 
and Committee Discussion

The stages of construction for the criteria.
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the committee next studied a set of
12 “case scenarios,” prepared by the
coordinator (P.A.H.), showing di-
verse presentations of EMS. Each sce-
nario was analyzed to consider vari-
ous clinical patterns of the illness and
to select appropriate elements to in-
clude in the criteria.

Development of
Preliminary Criteria

The consensus plan was to diagnose
EMS according to combinations of el-
ements that fit within any 1 or more
of several possible patterns that were
believed to represent the typical clini-
cal presentations of patients with the
syndrome. Although this basic struc-
ture was maintained, the proposed
criteria were modified several times
before reaching the final version
shown in Table 1. To ensure con-
sistent use, each of the 10 elements
was defined in a glossary of terms
(available from the authors). In ad-
dition, certain illnesses that would
preclude the diagnosis of EMS were
designated as exclusions.

Informal Evaluation
and Modification of

the Preliminary Criteria

To informally test the preliminary cri-
teria, the coordinating committee
members, from their own personal
records, next prepared a “learning
set” of 25 case reports of patients with
either EMS or a closely related ill-
ness. Each patient in this set was then
diagnosed using the preliminary
criteria as “having EMS” or “not hav-
ing EMS.” This exercise identified
problems that led to further refine-
ment in structure of the criteria and
in definition of the elements.

DEVELOPMENT OF A GOLD
STANDARD SET OF DISEASE

AND NONDISEASE CASES

The next step was to assemble an in-
dependently prepared gold stan-
dard set of EMS and non-EMS cases
for formal testing of the accuracy of
the proposed criteria.

Enlistment of Independent
External Expert Panelists

Nine physicians with extensive
clinical and research experience

with EMS were recruited as mem-
bers of an external panel of
experts. Each member was asked
to submit 10 summary reports of
patients from his or her institution.
The reports were to include 5
patients diagnosed as having EMS;
4 with other illnesses resembling
EMS; and 1 with possible, but
uncertain, EMS. Each report con-
tained a brief narrative, copies of
pertinent ancillary tests, and a
summary placed on a data tem-
plate, which included more than
75 clinical and laboratory entries.
The data template had been pilot
tested by 2 members of the com-
mittee (P.A.H. and T.A.M.) for ease
and consistency of use.

Of the 9 expert panelists, 7 sub-
mitted 10 reports and 2 submitted
11. All 92 reports were reviewed by
the coordinator, who contacted the
panel members to clarify inconsis-
tencies and to obtain available but
unreported missing data. One re-
port was discarded because of inad-
equate data. The remaining 91 sum-
maries were then edited to remove
any potentially biasing informa-
tion. After preparation in a stan-
dard format, these reports were as-
signed randomized identification
numbers to ensure against group-
ing by submitting physician or by
diagnosis.

Independent Definition
of the Gold Standard Set

To develop a pertinent gold stan-
dard for testing the proposed crite-

ria, the “challenge set” of 91 re-
ports was sent to each member of the
panel of experts, omitting any in-
stances submitted by that expert.
Each expert was asked to use per-
sonal clinical experience and judg-
ment to diagnose each report as
“EMS” or “not EMS.”

The gold standard diagnostic
category for each report was deter-
mined from a count of votes by the
panel of experts, without regard to the
originally submitted diagnoses. We
decided that for a report to be ac-
cepted as a gold standard, 75% or
greater agreement among the ex-
pert panel votes would be required.
Fifty reports for which the expert
panel voted EMS by margins of 8:0,
7:1, or 6:2 were accepted as EMS
cases. Thirty-five reports for which
the expert panel voted not EMS by
the same margins were considered
non-EMS cases. The 6 reports with
votes of 5:3, 4:4, or 3:5 were consid-
ered indeterminate and were, there-
fore, not used as gold standard cases
for testing the diagnostic accuracy of
the criteria. These cases, however,
were later included for testing in-
terobserver agreement by the 3 com-
mittee members for decisions regard-
ing the presence of criteria elements.

FORMAL TESTING
OF REVISED CRITERIA

Without knowledge of the gold stan-
dard diagnosis for each report, 3
members of the coordinating com-
mittee (D.J.C., J.D., and T.A.M.) in-
dependently applied the criteria to

Table 1. Proposed Eosinophilia-Myalgia Syndrome (EMS) Criteria

EMS can be diagnosed if either pattern 1 or 2 is satisfied. Elements within each of these patterns
must fulfill specified definitions (available from the authors).

Pattern 1
Presence of a documented illness of abrupt or relatively discrete onset accompanied by evidence,

in the absence of the exclusions noted below, of all 3 of the following manifestations within 6 mo
of onset: (1) eosinophilia; (2) myalgia; and (3) at least one of rash, edema, pulmonary
involvement, or neuropathy.

Pattern 2
Presence of an illness, with or without a documented early episode, accompanied by one of the

following combinations of manifestations, in the absence of the exclusions noted below,
occurring within 24 mo of illness onset: (1) fasciitis, neuropathy, and myalgia or muscle cramps;
or (2) any 3 or more of fasciitis, myopathy, neuropathy, or eosinophilia (within 6 mo of onset).

Exclusions
EMS should not be diagnosed in the presence of trichinosis, vasculitis, or any other documented

infectious, allergic, neoplastic, connective tissue, or other type of disease that could adequately
explain the clinical manifestations.
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the 91 summaries from the gold
standard set, omitting any reports
originating from their own institu-
tions. Working alone and using a
standard work sheet, the commit-
tee members first determined which
elements of the criteria were pres-
ent in each report. The members
next determined whether the case
was EMS or not EMS, based solely
on the proposed criteria. For those
that satisfied the EMS criteria, the
pattern or patterns that were ful-
filled were noted. The criteria-
based diagnosis assigned to each re-
port was based on a majority of the
3 determinations.

Interobserver variability in ap-
plying the criteria for the presence
of criteria elements, diagnosis, and
diagnostic pattern was calculated for
pairs of the 3 committee members
for all study reports and was ex-
pressed in percentage agreement and
� indexes.

The estimation of diagnostic ef-
ficacy (sensitivity, specificity, and
overall accuracy) was based on the
ability of the criteria to correctly di-
agnose the gold standard reports.
This was calculated by comparing
the criteria-based diagnoses with

the gold standard diagnoses. The
sensitivity of the criteria was de-
fined as the proportion of the 50 gold
standard EMS cases correctly diag-
nosed by the criteria, and the speci-
ficity was defined as the correctly di-
agnosed proportion of the 35 gold
standard non-EMS cases. Overall ac-
curacy was defined as the percent-
age of correct diagnoses among all
85 gold standard cases.

PREPARATION OF
THE FINAL CRITERIA

After the results of the formal testing,
reviewof theparticipants’comments,
andconsiderablediscussion,thecom-
mittee thenmadeonlyminorchanges
in thewording that appears in the “fi-
nal” version of the glossary of terms
(available fromtheauthors). If analy-
sishadshownpoorperformanceofthe
criteria,requiringsignificantrevisions,
it would have been necessary to gen-
erate a new set of gold standard cases
and noncases before retesting the re-
vised criteria.

Examination of reports with dis-
crepancies between the submitted di-
agnosis, the gold standard expert
panel diagnosis, and/or the diagno-

sis by criteria led to identifying cri-
teria elements most often associated
with difficult decisions, and to rec-
ognition of the illnesses that are most
difficult to distinguish from EMS.

RESULTS

The 92 reports submitted by the ex-
ternal panelists included 68 women
and 24 men (mean age, 46.8 years).
Of the 92 reports, 47 were submit-
ted as instances of EMS; the other di-
agnoses included eosinophilic fasci-
itis, fibromyalgia, systemic sclerosis,
Churg-Strauss arteritis, generalized
vasculitis, systemic lupus erythema-
tosus, undifferentiated connective tis-
sue disease, eosinophilic leukemia, id-
iopathic thrombocytopenic purpura,
coronary artery disease, hypothyroid-
ism, polymyalgia rheumatica, giant
cell arteritis, chronic pain syn-
drome, and indeterminate cause.

INTEROBSERVER VARIABILITY

The 3 committee members (A, B, and
C) could be arranged into 3 pairs
(AB, AC, and BC) for comparisons.
The 3 pairs had 98.7% overall mean
agreement regarding the presence of
specific criteria elements in each re-
port. The 3781 comparisons con-
tained 48 disagreements (1.3%). In
determining the presence or ab-
sence of specific criteria elements,
the most frequent disagreements in-
volved the following: diagnosing
neuropathy when neuropathic
symptoms or signs deviated from the
usual patterns of peripheral neu-
ropathies; ascribing abnormal his-
topathological features in the pres-
ence of inconsistent terminology in
histopathological reports; and in-
terpreting imprecise descriptions of
weakness, myalgia, and rashes.

Using the criteria to determine
the diagnosis in each report, agree-
mentamongpairsof committeemem-
bers who applied the criteria ranged
from 99% to 100% (� range, 0.98-
1.00) for diagnosis, and from 97% to
98% (� range, 0.96-0.97) for pattern
of diagnosis (Table 2).

ACCURACY

When compared against the gold
standard diagnoses, the criteria had
a sensitivity of 88%, a specificity of

Table 2. Interobserver Variability Using the Proposed Criteria

Committee
Members*

No. of
Comparisons† Agreement, No. (%) �

For Diagnosis
A vs B 86 85 (99) 0.98
B vs C 81 80 (99) 0.98
A vs C 76 76 (100) 1.00

For Pattern of Diagnosis
A vs B 36 35 (97) 0.96
B vs C 40 39 (98) 0.96
A vs C 39 38 (97) 0.97

*The committee members (A, B, C) were 3 of the authors (D.J.C., J.D., and T.A.M.).
†Of the 91 reports, committee members did not review reports that originated from their own

institution. Pattern of diagnosis was determined for each pertinent case diagnosed as
eosinophilia-myalgia syndrome by each committee member.

Table 3. Diagnostic Accuracy of the Proposed Criteria*

Diagnosis Using
the Proposed Criteria

Gold Standard Diagnosis

EMS Not EMS Total

EMS 44 1 45
Not EMS 6 34 40
Total 50 35 85†

*The sensitivity was 88% (44/50), the specificity was 97% (34/35), and the overall accuracy was 92%
(78/85). EMS indicates eosinophilia-myalgia syndrome.

†Of the 91 reports, the diagnoses in 6 were considered indeterminate and were not used in calculating
the diagnostic accuracy.
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97%, and an overall accuracy of 92%
(Table3). Eosinophilic fasciitis and
Churg-Strauss arteritis were the 2
most difficult diagnoses to distin-
guish from EMS.

COMMENT

CLINICAL APPLICATIONS

In addition to having a scientific
method of development, the new cri-
teria are clinically highly sensitive
and specific. Their level of accu-
racy was similar to or better than lev-
els accepted in prior studies7,12 of cri-
teria for rheumatic diseases.

We stressed specificity because
EMS has a low incidence in the gen-
eral population and in targeted popu-
lations of tryptophan users.27-31 Con-
sequently, low specificity would lead
to many false-positive diagnoses, par-
ticularly in the general population,
which has a high prevalence of many
late symptoms of EMS. In addition,
because no therapy for EMS has been
shown to be efficacious, false-pos-
itive diagnoses may produce need-
less stress for misdiagnosed pa-
tients. The high specificity achieved
by the new EMS criteria shows that
they are well suited for classifying pa-
tients for research studies. Beyond the
goal of improving specificity, we also
recognized that EMS can occasion-
ally occur without myalgia or docu-
mented eosinophilia. The new crite-
ria have corrected this limitation of
the original Centers for Disease
Control and Prevention surveil-
lance criteria.16

Like all other criteria created for
research purposes, the new criteria
will not identify a few patients in
clinical practice. In addition, be-
cause the criteria were intended to al-
low discrimination with a mini-
mum number of elements, the full
spectrum of disease manifestations of
EMS is not included. However, if
more clinical and/or laboratory ele-
ments were added to accommodate
occasional patients with less com-
mon features of EMS, the specificity
would be reduced and more false-
positive diagnoses would occur.

For guidance in clinical prac-
tice with individual patients, the cri-
teria can serve as a starting point. In
a separate publication, we will pre-
sent a supplementary list of fea-

tures, not included as components
in the criteria, that can be poten-
tially useful in diagnosing the con-
ditions of individual patients. We
will also (1) describe difficult cases
that evoked diagnostic errors and (2)
compare the performance of the new
criteria with that of the Centers for
Disease Control and Prevention sur-
veillance criteria.

Recognizing that determining
cause and developing diagnostic cri-
teria involve 2 separate processes and
sets of reasoning, and that includ-
ing a presumed causative agent pre-
maturely might produce biased di-
agnoses, we, and the Centers for
Disease Control and Prevention pre-
viously, did not include trypto-
phan use as an element in the crite-
ria. Our decision was based on the
nosologic principle that an alleged
causative agent should be avoided in
thediagnosticcriteria foradiseaseun-
til scientific evidence supporting the
pathogenesis of the disease has been
unequivocally demonstrated. Since a
single precise cause of EMS has not
yet been determined, a requirement
for antecedent use of tryptophan
would preclude diagnosis of EMS
when it occurs, as has been re-
ported,32,33 in the absence of trypto-
phan. Our criteria are highly sensi-
tiveandspecificwithout the inclusion
of tryptophan as a required element.

Analogously, although con-
comitant group A streptococcus in-
fections have been demonstrated of-
tenenoughtobe included in themost
recent version of the modified Jones
criteria for rheumatic fever,24 this el-
ement was not specified in the origi-
nal version,2 which was proposed be-
fore modern antibody tests had
shown the necessary streptococcal
evidence. Diagnostic bias related to
assumed cause has been shown in the
past when the identical clinical sce-
nario was often diagnosed as either
toxic shock syndrome or something
else, depending on whether the use
ofa tamponwasmentionedinthesce-
nario.34 Similarbiaseshavebeendem-
onstrated for the diagnosis of EMS in
scenarios that indicate the presence
or absence of tryptophan use.35

STUDY LIMITATIONS

The main limitation of our study was
a dependence on retrospective data

that varied substantially in docu-
mentary quality and quantity. The
problem of missing data, also com-
mon in prior attempts to construct
disease criteria,15 can be reduced in
the future if data are collected pro-
spectively using a pretested tem-
plate with precise instructions for the
physicians who interview and ex-
amine patients.

The low rate of interobserver
variability among the committee
members who applied the criteria to
the challenge cases may not occur
for others. Since the members were
involved in developing the criteria,
they might be more prone to agree-
ment than others who are not pre-
viously acquainted with the crite-
ria. Interobserver variability might
be better demonstrated if another in-
dependent group of clinicians or re-
searchers was enlisted to perform
this part of the exercise.

Like the Jones criteria for rheu-
matic fever,2,24,36 which were modi-
fied after improved causative and
diagnostic information became avail-
able, the EMS diagnostic criteria are
not necessarily final. They will re-
quire modification as more knowl-
edge develops about the cause and
pathogenesis of this disorder.

NEW APPROACHES
AND ACCOMPLISHMENTS

The considerable effort and criteria
development during the 3-year course
of this project used time-honored
techniques,37,38 but also included the
new and probably unique ap-
proaches described in the “Basic Strat-
egies” and “Methods” sections.

The various stages of criteria
development included the many
groups of real or prototype patients
described earlier, whereas most pre-
vious efforts in criteria construc-
tion have relied on only 1 set of pa-
tient data. In the process herein, we
used different sets of patients for
training and testing. A particularly
important innovation was the use of
an external panel of experts to in-
dependently provide and validate
gold standard reports for testing the
criteria. Although required for any
diagnosis, the gold standards cho-
sen for illnesses that lack unique fea-
tures have seldom been previously
independently supported by spe-
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cific data. We believe our approach
accomplished this goal in an effec-
tive unbiased manner. The gold stan-
dard case sets were defined and the
criteria were interpreted indepen-
dently, so that the results of one pro-
cess did not influence the other.

The structure of the criteria
led to a reasonably small number
of satisfactory combinations, which
corresponded to clinically sensible
patterns of illness. The template
used for data collection reduced
bias by including a wide variety of
information that might occur in
many clinical situations, beyond
the particular features chosen as
criteria elements.

The proposed criteria can be
used in future clinical investigations
to study the epidemiological fea-
tures and natural history of EMS. To-
gether with the cited supplementary
information, the criteria can en-
hancecommunicationaboutEMSand
can provide a starting point for diag-
nosingtheconditionsof individualpa-
tients. Although recent cases of EMS
havenotbeenreported,many1,39,40 be-
lieve that eventually similar syn-
dromes may occur. This, in part, is
based on the recognition that 8 years
before theoutbreakofEMS, therewas
an outbreak of an almost indistin-
guishable condition called the toxic
oil syndrome in Spain.41 The pro-
posed criteria for EMS could also be
useful for thestudyofsuchfutureout-
breaks.Finally, thisnewapproachcan
bevaluable inconstructingcriteria for
other ailments whenever pertinent
new challenges arise.
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