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Problem lists are tools to improve patient management. In
the medical record, they connect diagnoses to therapy,
prognosis, and psychosocial issues. Computer-based prob-
lem lists enhance paper-based approaches by enabling
cost-containment and quality assurance applications, but
they require clinically expressive controlled vocabularies.
Because existing controlled vocabularies do not represent
problem statements at a clinically useful level, we derived
a new canonical problem statement vocabulary through
semi-automated analysis and distillation of provider-
entered problem lists collected over 6 years from 74 696
patients. We combined automated and manual methods
to condense 891 770 problem statements entered by 1961
care providers at Grady Memorial Hospital in Atlanta,
Georgia, to 15 534 Canonical Clinical Problem Statement
System (CCPSS) terms. The nature and frequency of prob-
lem statements were characterized, interrelations among
them were enumerated, and a database capturing the
epidemiology of problems was created. The authors iden-
tified 23 503 problem relations (co-occurrences, sign–
symptom complexes, and differential diagnoses) and
22 690 modifier words that further categorized “canoni-
cal” problems.

To assess completeness, CCPSS content was compared
with that of the 1997 Unified Medical Language System
Metathesaurus (containing terms from 44 clinical vocabu-
laries). Unified Medical Language System terms expressed
25% of individual CCPSS terms exactly (71% of problems
by frequency), 27% partially, and 48% poorly or not at all.
Clinicians judged that CCPSS terms completely captured
their clinical intent for 84% of 686 randomly selected
free-text problem statements. The CCPSS represents clini-
cal concepts at a level exceeding that of previous ap-
proaches. A similar national approach could create a stan-
dardized, useful, shared resource for clinical practice.
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Problem lists represent a powerful method for
organizing, clarifying, and communicating clin-

ical data and reasoning (1– 6). Computer-based
problem lists offer improvements (including easier
access and maintenance) over paper-based lists (2,
7, 8). Optimal implementation of computer-based
problem lists requires a structured problem vocab-
ulary that is both meaningful to clinicians and com-
putationally tractable (9). No optimal problem list
vocabulary currently exists, despite efforts to create
one (10–12).

The value of quality-controlled clinical vocabular-
ies has been recognized for several decades (9, 13–
17). Institutions investing in structured electronic
data can implement patient-specific decision support
systems and deliver targeted education to providers
and consumers of health care (18–20). Examples
include clinical reminder systems (14, 21–24), semi-
automated enumeration of treatment alternatives
(18, 25), generation of case-specific literature cita-
tions (26, 27), and suggestions for drug dosage
adjustments (19, 25). Structuring clinical data also
enables implementation of automated clinical guide-
lines (28–31) and improved quality monitoring (2,
32–35), including prevention of adverse events (36–
38). Researchers can use structured clinical data to
identify relevant cases and expedite collection of pa-
tient information (39–46). Finally, structured clini-
cal data facilitates clinically accurate billing (47) and
may increase compliance with governmental and
regulatory agency directives (48, 49). The major im-
pediment to implementing such beneficial systems is
that clinicians do not naturally or freely generate
“structured” clinical records by using a fixed vocab-
ulary of prespecified terms (50).

Weed defined a problem as anything, including
social problems, that requires management or diag-
nostic work-up (1, 51). He further elaborated that
“Each medical record should have a complete list of
all the patient’s problems, including clearly estab-
lished diagnoses and all other unexplained findings

See editorial comment on pp 146-147.
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. . . [The problem list is] a dynamic table of contents
of a patient’s chart . . . a compact history of the
patient” (2). In the early 1970s, Feinstein developed
an extensive model of the diagnostic process (52–
54). He described diagnoses as explanations for the
patient’s manifestations of illness (52) and indi-
cated that intermediate diagnostic stations exist
(53). Observations by Elstein and colleagues (55),
Eddy and Clanton (56), and Kassirer and various
associates (57–62) subsequently documented that
expert physicians use clinical pattern recognition to
refine intermediate diagnostic conclusions via serial
inferences until a prognosis or therapeutic course
can be defined.

A problem statement may consist of a manifes-
tation, a diagnosis, or an intermediate clinical state.
Problem lists may include factors that influence ther-
apy selection or patient education, such as patient
preferences, religious beliefs, social supports, liter-
acy, and language barriers (4, 63, 64). Existing stan-
dardized vocabularies that predominantly include
diagnoses or findings, such as the International Clas-
sification of Diseases, Ninth Revision, Clinical Mod-
ification (ICD-9-CM) (65) and the Systematized
Nomenclature of Human and Veterinary Medi-
cine (SNOMED) (66), cannot encompass all cate-
gories of problem statements.

Weed organized and promoted use of the problem-
oriented medical record (1). Subsequently, several
institutions adopted this approach (1, 2, 4, 5, 67–
71), although few used computers to do so (72–78).
The use of problem lists per se has generated little
criticism despite substantial controversy over dedi-
cated implementation of comprehensive problem-
oriented records (9, 79 – 81). Because full-scale
problem-oriented medical record systems are cum-
bersome and are not universally accepted, most
computerized medical record systems provide prob-
lem lists but are not “problem-oriented.” The Joint
Commission on Accreditation of Healthcare Orga-
nizations currently requires institutions to record
problem lists for patients receiving ambulatory care
services (48); as a result, most health care institu-
tions have implemented some form of recorded
problem lists.

Computerized problem-statement input tech-
niques have varied across implementation sites be-
cause no ideal problem statement vocabulary exists.
Three historical approaches to problem statement
entry include dedicated use of locally or nationally
derived controlled vocabularies (82), entry using
free text only (83, 84), and, most commonly, a com-
bination of both (15–17, 76, 85–88).

We describe a novel, empirical approach to de-
rive an electronic, clinically useful, canonical prob-
lem list vocabulary. Various editions of Webster’s
Dictionary define canonical as “relating to various

of the simplest and most significant forms or sche-
mata to which general equations, statements, or ex-
pressions may be reduced without loss of generality”
(89) and “conforming to a general rule or accept-
able procedure” (90). We analyzed and distilled
provider-entered problem lists for 74 696 patients to
produce a core set of clinically useful problem state-
ments. The analysis characterized the nature and
frequency of problem statement modifiers and enu-
merated interrelations among problems. The result-
ing Canonical Clinical Problem Statement System
(CCPSS) was evaluated by comparing it with the
vocabularies that make up the 1997 National
Library of Medicine (NLM) Unified Medical Lan-
guage System (UMLS) Metathesaurus (91) and by
assessing clinical user satisfaction with it.

Methods

Study Institutions

Grady Memorial Hospital in Atlanta, Georgia, is
an 890-bed public hospital and clinic that had
36 844 admissions and 762 085 outpatient visits in
1995. Each year, approximately 240 medical stu-
dents, 400 postgraduate trainees, and 1200 physi-
cians from Emory University School of Medicine
provide care in conjunction with 650 Grady Memo-
rial Hospital nursing staff persons. Vanderbilt Uni-
versity Medical Center in Nashville, Tennessee, in-
cludes a 658-bed private academic hospital and
affiliated clinics. These facilities had 28 641 admis-
sions and 469 515 outpatient visits in 1996. The
combined staff consists of 878 nurses, 982 full-time
physicians, 866 part-time clinicians, and 105 medical
students per class.

Paper-based problem lists have been widely used
at Grady Memorial Hospital since 1970 (4, 92).
Since 1989, electronically stored provider-entered
problem lists have largely replaced paper-based
ones (86, 93). Grady Memorial Hospital’s problem
list is a shared, continually updated document that
follows the patient through all inpatient admissions
and outpatient visits. To a much lesser extent, Van-
derbilt University Medical Center has used elec-
tronic, free-text problem lists since 1997.

Source of Raw Problem Statement Data

Our study includes all problem lists entered by
care providers into Grady Memorial Hospital’s
THERESA system through menu choices or as free
text from July 1989 to May 1995. After encrypting
patient identifiers to protect confidentiality, devel-
opers of the THERESA computerized medical rec-
ord system provided the authors with 891 770 raw
problem statements. The original THERESA menus
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combined terms from existing standardized vocabu-
laries with terms contributed by the nursing and
medical services at Grady Memorial Hospital. Peri-
odically, previously entered free-text entries were
reviewed and made available as menu choices.

Derivation of the Canonical Clinical Problem
Statement System

One of the authors, an internist with 7 years of
postresidency clinical experience, transformed the raw
data from Grady Memorial Hospital into the final
CCPSS by performing 36 generations of computer-
assisted processing. Automated techniques were suf-
ficient for some processing (such as conversion to
uppercase text), but accurate translation and expan-
sion of many of the concepts required manual analy-
sis. Evaluating terms in their original context helped to
clarify misspellings and abbreviations (for example,
“MI” might represent myocardial infarction, mitral
insufficiency, or masticatory impairment). Literature
review and consultations with clinical domain ex-
perts helped to determine the meanings of ambig-
uous or obscure problem statements.

Modifiers detailing problem severity, disease or
finding laterality, temporal patterns (such as “history
of . . .” or “intermittent . . .”), problem activity, and
estimates of likelihood (such as “possible” or “rule
out . . .”) were cataloged and extracted. Manual re-
view was essential because a valid modifier in one
context could appear as an integral portion of an-
other problem name. For example, the modifiers
“left” and “right” distinguish the laterality of a fe-
mur fracture, but “left” heart failure and “right”
heart failure are clinically distinct problems. Lines
containing multiple problem statements (“allergy to
penicillin and sulfa”) were separated into individual
problem statements. Closely related terms, such as
“abdomen pain diffuse” and “abdomen pain gener-
alized,” were condensed into a single expression.
Clinical utility guided this process (Figure).

During all iterations, audit trails were maintained
to keep an accurate history of each evolving prob-
lem statement. One audit trail related modifiers to
the terms from which they were extracted. Another
audit trail characterized interrelations among prob-
lems, such as being the subproblem of a main prob-
lem or a member of a sign–symptom complex.

Evaluation of the Canonical Clinical Problem
Statement System

The coverage of the CCPSS final problem vocab-
ulary was evaluated by comparing it with the ex-
tensive set of 44 vocabularies in the NLM’s UMLS
Metathesaurus (eighth edition, 1997) and with
clinician-generated free-text problem statements
from Vanderbilt University Medical Center. All
CCPSS final problem statements, excluding mod-

ifiers, were submitted to the NLM’s knowledge source
server (94) program on 10 February 1997. Output of
the NLM server was classified as a failure to match
(no term returned), an exact match, or a partial match
(returned term more specific or more general than
the submitted term).

Using locally developed World Wide Web–based
vocabulary browsing tools (95), one of the authors
mapped all clinician-generated problems that had
been transcribed into Vanderbilt University’s Med-
ical Archival and Retrieval System (MARS) (96) on
23 September 1997, an arbitrarily selected 24-hour
period. The mapping translated, as closely as possi-
ble, transcribed problems into the final CCPSS. The
physicians who had dictated the transcribed prob-
lem statements subsequently judged the clinical ad-
equacy of each problem statement mapping as fol-
lows: 1) clinical meaning fully captured, 2) clinical
meaning partially captured, or 3) misleading or po-
tentially dangerous translation of meaning.

Results

Derivation of the Canonical Clinical Problem
Statement System

The raw THERESA problem files yielded 891 770
problem statements. Longitudinal problem records
from 74 696 patients entered by 1961 unique pro-
viders were included. All problems entered over 6
years, including subproblems, inactive problems, and
reformulated intermediate states, were individually
extracted. Individual problem statements were
counted only once across multiple visits. Of the
891 770 problem statements, 695 696 were entered
from the THERESA controlled vocabulary, 196 055
were entered as free text, and 19 were indetermi-
nate. Problems were entered by medical students
(n 5 154 158), postgraduate trainees (n 5 429 354),
attending physician staff (n 5 78 602), and others
(n 5 229 656).

Figure. Simplified example of the problem statement distillation
process. The final term “congestive heart failure” (CHF) would be assigned
a frequency of 5 and would be linked to the modifiers “history of” (H/O)
and “mild.”
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The distillation process consumed approximately
2000 person-hours of effort over 2 years. Removing
duplicates reduced vocabulary size from 891 770 to
64 036 elements. Subsequent automated processing
reduced the data set by 30 000 elements. The first
manual review pass eliminated 10 200 terms, the sec-
ond eliminated 5000 terms, and the third eliminated
1500 terms. Simplification of multiconcept lines in
the first phase of manual review led to a transient
increase of 5200 unique entries. The entire distilla-
tion process reduced the initial data set by 98.3%.

The CCPSS comprises the overall set of canon-
ical terminology, modifier lists, and frequency-
weighted links. The 15 534 final CCPSS terms rep-
resent 927 261 original “raw” entries (more than
891 770 because of the overall frequency of split
multiconcept problems). In the set of 64 036 non-
duplicate elements, there were 18 907 problem co-
occurrences, 20 535 main problem–subproblem rela-
tions, 22 690 modifier linkages, and 5406 expressions
of differential diagnoses or sign–symptom com-
plexes. The average number of unique ways that
users originally expressed each CCPSS term was 4
(range, 1 to 555 unique expressions); 693 terms had
more than 20 unique raw forms.

Correlations between CCPSS terms and raw data
elements represent the “epidemiology” of individual
canonical problem statements. The 10 highest-
frequency canonical terms accounted for 25% of the
original raw entries, the 100 most common terms
(Appendix Table) covered 64% of the original raw
entries, and the top 500 terms accounted for 85%.
Of the 500 most prevalent canonical problem state-
ments, 401 were symptoms, signs, laboratory or imag-
ing results, procedures, or specific diagnoses and 90
were intermediate diagnoses or psychosocial prob-
lems (Table 1).

Evaluation of the Canonical Clinical Problem
Statement System

Unified Medical Language System Coverage of the
Canonical Clinical Problem Statement System

All CCPSS terms (excluding modifiers) were sub-
mitted to the UMLS server for matching (Table 2).
“Exact matches” between terms differed only in
word order, use of plurals, or addition of preposi-

tions. Approximately 25% of matches were exact,
27% were partial, and 48% were poor or nonexist-
ent. With respect to the partially redundant set of
891 770 original problem statements, UMLS exactly
covered 71% by frequency.

Testing the Canonical Clinical Problem Statement
System by Using a 24-Hour Sample of Free-Text
Vanderbilt University Problem Lists

On 23 September 1997, 36 clinicians from
Vanderbilt University Medical Center generated
674 lines of problem statements on 234 patients.
Multiconcept problem statements were separated to
yield 742 individual problem statements for the test
set. Nineteen of the 36 clinicians returned forms
rating the quality of mapping for 686 of the 742
problem statements. Respondents were practitioners
of general medicine (n 5 5), medical subspecialties
(n 5 4), general surgery (n 5 2), surgical subspecial-
ties (n 5 5), and neurology (n 5 3).

The clinicians judged that the CCPSS mappings
completely captured their clinical intent in 84% of
instances (Table 3). Clinicians judged the mappings
of 3% of Vanderbilt University Medical Center
problem statements as misleading or clinically dan-
gerous. Of those misleading or clinically dangerous
ratings, only one third (1%) clearly represented fail-
ures of CCPSS mapping per se. For example, “lu-
teal phase defect” was unmatched in CCPSS.

Discussion

There are two historical approaches to problem
statement vocabulary analysis (97–103). The first
approach compares clinically generated problem
statements with existing controlled vocabularies to
estimate coverage. Findings of previous studies,
summarized in Table 4, indicate coverage rates be-
tween 37% and 73% for free-text clinical problem
statements. Our study attained a preliminary cover-
age rate of 84%. Our results also agree with previ-
ous efforts indicating that UMLS does not cover all
clinical problem statements (98, 100, 103, 104). The

Table 1. Types of 500 Most Common Problems

Problem Category Occurrence, n (%)

Symptoms 25 (5)
Signs 73 (15)
Laboratory or imaging result 86 (17)
Procedures 24 (5)
Specific diagnoses 193 (39)
Intermediate diagnoses 59 (12)
Psychosocial issues 31 (6)
Other 9 (2)

Table 2. Unified Medical Language System Coverage of
Canonical Clinical Problem Statement System
Terms and the Original Entries They Represent*

Result of Comparison UMLS Coverage
of CCPSS Terms

UMLS Coverage of
Original Problems

n (%)

Exact or nearly exact match 3954 (25.45) 662 360 (71.43)
Mismatch due to granularity

(UMLS too specific or too
general) 4171 (26.85) 109 355 (11.79)

Poor or no match 7409 (47.70) 155 546 (16.77)

* CCPSS 5 Canonical Clinical Problem Statement System; UMLS 5 United Medical Lan-
guage System.
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lack of intermediate diagnostic states (an important
form of problem description) in the vocabularies
of the 1997 UMLS may explain this shortcoming.
Twelve percent of the most frequent CCPSS terms
were classified as intermediate diagnostic states
(Table 1). Of note, UMLS covers commonly occur-
ring problems better than less common ones. In
addition, UMLS matched 71% of the 927 261 non-
unique raw problem statements but only 25% of
unique CCPSS terms. Our findings support Eagon’s
observation that terminology in the UMLS Met-
athesaurus tends to be too specific or too general
(Table 2) with respect to clinician-generated prob-
lem statements (103).

The second approach to electronic problem cap-
ture creates new problem vocabularies through analy-
sis and synthesis of a set of clinical problem state-
ments (88, 105, 106). The Veterans Affairs Lexicon
Utility was derived in 1993 from UMLS (88). Payne
and Martin (105) also used UMLS to create a prob-
lem list vocabulary but concluded that supplemen-

tation of the terms with additional phrases was re-
quired. Wilton (83), Scherpbier and coworkers (84),
and Yarnall and associates (87) created databases
of human-reviewed clinical problem statements and
linked them to ICD-9 codes. Yarnall and associates
(87) showed that such a system results in more thor-
ough and accurate billing coding than manual meth-
ods. As the first step in developing a new, clinically
relevant controlled vocabulary, Chute and Elkin
(106) processed 7953 commonly occurring problem
statements (without duplicates). Their approach
used less manual review than our study did and
resulted in a 35% reduction of the data set com-
pared with the 76% reduction of nonduplicate prob-
lems that we found.

Successful clinical informatics projects synergisti-
cally combine computational techniques with sound
medical judgment. Our study represents a quasi-
automated, labor-intensive effort to distill a clini-
cally useful problem-statement vocabulary from a
large corpus of clinician-entered problem lists.

The audit trails and epidemiologic term frequen-
cies within CCPSS enable applications that are not
possible with traditional problem vocabularies. The
CCPSS captures, in clinically meaningful terms, the
frequency of provider-entered problems and their
interrelations for 74 696 patients at a single institu-
tion over the course of 6 years. One might use the
current CCPSS to estimate the frequency of acute
myocardial infarction in patients with endocarditis

Table 3. Clinicians’ Assessment of Canonical Clinical
Problem Statement System Mappings of
Vanderbilt University Terms

Result of Comparison Count (Percentage)

Clinical intent completely captured 306 (83.8)
Clinical intent partially captured 47 (12.9)
Misleading or possibly dangerous 12 (3.3)

Table 4. Studies Evaluating Problem Statement Coding Capabilities of Controlled Vocabularies*

Author, Year
(Reference)

Source, Nature, and Number
of Clinical Terms

Judged By Target Controlled
Vocabulary

Results

Payne et al., 1992 (97) 605 problems from outpatient
problem lists and SOAP format
progress notes

Clinician panel ICD-9 41% had any translation; out of a
subset of those, 42% were rated
“satisfactory”

Campbell and Payne,
1994 (98)

359 unique problems from out-
patient medicine and pediatrics
clinics

Clinician panel UMLS, 4th ed. 65% “satisfactory”
SNOMED 60% “satisfactory”
Read version 2.0 38% “satisfactory”
ICD-9-CM 37% “satisfactory”

Rosenberg and Coultas,
1994 (100)

447 (271 unique) diagnoses from
outpatient general medicine
clinic progress notes

Clinician panel UMLS, 4th ed. 73% “satisfactory”

Zelingher et al., 1995 (101) 118 040 problems from out-
patient general medicine clinic
problem lists

Clinician generating
problem statement

Local vocabulary 66% matched

Mullins et al., 1996 (104) 88 problems from outpatient
family practice clinic progress
notes containing problem lists

Medical student panel Read version 3.1 49% “good” matches
SNOMED 3.1 61% “good” matches
UMLS, 6th ed. 61% “good” matches

Eagon et al., 1997 (103) 6355 unique problems from
problem lists

Clinician panel UMLS, 7th ed. 62% synonymous matches
26% of matched terms were more

specific or more general

Current study 742 problems from outpatient
problem lists

Clinician generating
problem statement

CCPSS In 84%, clinical intent fully captured; in
13%, clinical intent partially captured

* CCPSS 5 Canonical Clinical Problem Statement System; ICD-9 5 International Classification of Diseases, Ninth Revision; ICD-9-CM 5 International Classification of Diseases, Ninth
Revision, Clinical Modification; SNOMED 5 Systematized Nomenclature of Human and Veterinary Medicine; SOAP 5 subjective data, objective data, assessment, plan; UMLS 5 Unified
Medical Language System.
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Appendix Table. The Top 100 Problems at an Urban Hospital, 1989–1995

Rank Frequency Percentage Problem Statement Related Problem

1 50 294 5.6 DATA BASE [incomplete—e.g., Hx but no Pe]
2 48 023 5.4 Pregnancy intrauterine 2, 22, 34, 45, 71
3 31 856 3.6 Hypertension [not otherwise specified] 3, 14
4 29 583 3.3 Anemia [not otherwise specified] 4, 93
5 15 983 1.8 Health maintenance
6 15 681 1.8 Pneumonia [not otherwise specified]
7 14 433 1.6 Alcohol abuse 7, 8, 30, 31, 71, 80
8 14 005 1.6 Tobacco abuse 7, 8, 30, 31, 71, 80
9 10 735 1.2 Abortion elective 9, 12
10 10 187 1.1 Urinary tract infection 10, 45, 65, 100
11 10 081 1.1 Congestive heart failure
12 9501 1.1 Abortion spontaneous 9, 12
13 8405 0.9 Size dates [greater than/less than]
14 7253 0.8 Hypertension essential 3, 14
15 7230 0.8 Prenatal care late
16 6861 0.8 Asthma 16, 87
17 6567 0.7 Chest pain 17, 32, 35, 73, 94
18 6554 0.7 Diabetes mellitus noninsulin dependent 18, 20, 28, 37, 68
19 6531 0.7 Weight [increased/decreased] 19, 62
20 6482 0.7 Diabetes mellitus NOS 18, 20, 28, 37, 68
21 6198 0.7 Sterilization desired
22 6178 0.7 LMP date unsure 2, 22, 34, 45, 71
23 6088 0.7 Gonorrhea
24 6011 0.7 HIV test positive 24, 27
25 5489 0.6 COPD
26 5469 0.6 Hypercholesterolemia
27 5178 0.6 AIDS 24, 27
28 5010 0.6 Diabetes mellitus insulin-dependent 18, 20, 28, 37, 68
29 4997 0.6 Cervicitis chlamydial
30 4696 0.5 Substance abuse 7, 8, 30, 31, 71, 83
31 4643 0.5 Cocaine abuse 7, 8, 30, 31, 71, 83
32 4617 0.5 Coronary atherosclerotic heart disease 17, 32, 35, 73, 94
33 4540 0.5 CVA [not otherwise specified]
34 4530 0.5 Pregnancy adolescent 2, 22, 34, 45, 61, 71
35 4432 0.5 Angina unstable 17, 32, 35, 73, 94
36 4321 0.5 Arthritis osteoarthritis
37 4245 0.5 Ketoacidosis diabetic 18, 20, 28, 37, 68
38 4189 0.5 Trichomoniasis
39 4057 0.5 Fever
40 3995 0.4 Gastrointestinal bleed
41 3559 0.4 Tuberculosis
42 3556 0.4 Syphilis 42, 92
43 3459 0.4 Language barrier English not spoken
44 3382 0.4 Penicillin allergy 44, 51
45 3252 0.4 Urinary tract infection pregnancy 2, 10, 22, 34, 45, 65, 71, 100
46 3235 0.4 Cesarean section low transverse 46, 75
47 3216 0.4 Mental status altered
48 3211 0.4 Renal insufficiency chronic 48, 56, 57, 70
49 3163 0.4 Infant preterm 49, 50
50 3102 0.3 Infant preterm low birth weight 49, 50
51 3073 0.3 Drug allergies none 44, 51
52 3052 0.3 PUD
53 3050 0.3 Short stature
54 3047 0.3 PCP
55 3022 0.3 Chest x ray abnormal
56 2962 0.3 Renal failure acute 48, 56, 57, 70
57 2940 0.3 Renal failure chronic 48, 56, 57, 70
58 2931 0.3 Syncope
59 2894 0.3 Cervical dysplasia 59, 98
60 2871 0.3 Rubella immunity not present 60, 77
61 2864 0.3 Maternal age [advanced/value] 34, 61
62 2836 0.3 Obesity 19, 62
63 2701 0.3 Condyloma acuminata
64 2694 0.3 Seizure disorder 64, 86
65 2622 0.3 Pyelonephritis 10, 45, 65, 100
66 2607 0.3 Cellulitis
67 2600 0.3 Rh unsensitized
68 2596 0.3 Hyperglycemia 18, 20, 28, 37, 68
69 2594 0.3 Stool heme positive
70 2589 0.3 Renal insufficiency 48, 53, 54, 67
71 2580 0.3 Substance abuse pregnancy tobacco 2, 7, 8, 22, 30, 31, 34, 45, 71, 83
72 2570 0.3 Gout
73 2502 0.3 Myocardial infarction [not otherwise specified] 17, 32, 35, 73, 94
74 2495 0.3 Discharge planning [incomplete]
75 2450 0.3 Cesarean section scar type unknown 46, 75
76 2444 0.3 Hyponatremia
77 2437 0.3 Rubella immunity [degree] 60, 77
78 2407 0.3 Heart disease [not otherwise specified] 78, 96

Continued on following page
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at Grady Memorial Hospital or the correlation of
child abuse with inadequate prenatal care. Future
use of a “standardized” CCPSS at other facilities
could lead to intrainstitutional and interinstitutional
epidemiologic study of patient problems. For exam-
ple, one might compare the frequency of “poor so-
cial support” and “symptomatic hypoglycemia” for
patients with “diabetes mellitus” among institutions.

Epidemiologic aspects of CCPSS can also facili-
tate computerized decision support. For example, a
clinician entering “type II diabetes mellitus requir-
ing insulin” in a patient’s problem list could be
interactively presented with the most common sub-
problems for demographically similar patients. Con-
versely, displaying main problems common to a set
of unexplained signs and symptoms may prove help-
ful in the diagnostic process.

Although the data set from which the CCPSS is
derived is large, it is not clinically complete. Mech-
anisms to add entries and update linkages from a
large and diverse group of sites must be devised.
Over time, this should help to address two major
CCPSS deficiencies: single facility origin and un-
equal entry of raw problem statements by differ-
ent Grady Memorial Hospital clinical services.
The CCPSS lacks formal hierarchical structures, a
feature common in many controlled vocabularies.

Fragmented, disparate medical records can contri-
bute to suboptimal care for patients seen by multi-
ple practitioners at different sites (107, 108). Trans-
fer of information from electronic medical records
across institutions could help relieve this problem.
However, computer-based exchange of patient-
specific data among institutions is not routinely

possible because of incompatibilities in clinical vo-
cabularies, varying networking protocols, and incom-
patible clinical application systems, despite impor-
tant advances, such as the Health Level 7 clinical
data interchange standard (109, 110). Because prob-
lem lists can provide a precise summary of a pa-
tient’s condition, they represent a good starting
point for interinstitutional data exchange. A stan-
dardized, clinically expressive electronic problem
vocabulary could help ensure that electronically
transferred problem lists would be useful across in-
stitutional boundaries.

Representing the medical necessity of services for
an individual patient is an important issue for pro-
viders, institutions, and third-party payers. Necessity
is currently reported to agencies and payers by link-
ing a diagnostic code to a service code. The most
common diagnostic coding scheme used is the ICD-9,
which poorly describes patients’ problems (97, 98).
In addition, use of the ICD-9 forces providers to
describe problems in unfamiliar terms and imposes
the burdens of ICD-9 code memorization and look-
up. The Health Care Financing Administration’s
evaluation and management codes (49) and pro-
posed hospital ambulatory procedure codes (111)
both rely on ICD-9 codes to represent patient prob-
lems. A clinically derived, useful, and accurate prob-
lem coding system, such as CCPSS, that could be
used seamlessly during patient care activities, would
improve acceptability of coding requirements for
health care providers and could provide payers with
better and more direct information.

Meaningful review of quality of care requires
clinical understanding and analysis above and be-

Appendix Table—Continued

Rank Frequency Percentage Problem Statement Related Problem

79 2385 0.3 Hemoglobin [value]
80 2305 0.3 Diarrhea
81 2247 0.3 Sign symptom complex
82 2208 0.2 Macrosomic infant
83 2186 0.2 Drug abuse intravenous 7, 8, 30, 31, 71, 83
84 2112 0.2 Depressive disorder NOS
85 2097 0.2 Abdomen pain
86 2093 0.2 Seizure 61, 87
87 2093 0.2 Asthma exacerbation acute 16, 84
88 2058 0.2 Oral candidiasis
89 2041 0.2 Atrial fibrillation
90 2016 0.2 Headache
91 1992 0.2 Hypokalemia
92 1947 0.2 RPR reactive 42, 92
93 1942 0.2 Anemia microcytic 4, 93
94 1921 0.2 Myocardial infarction acute 17, 32, 35, 73, 94
95 1907 0.2 Cancer [not otherwise specified]
96 1829 0.2 Organic heart disease [not otherwise specified] 78, 96
97 1800 0.2 Deep venous thrombosis
98 1793 0.2 Pap smear result abnormal 59, 98
99 1743 0.2 Dehydration
100 1742 0.2 Urosepsis 10, 45, 65, 100

Total 63.8

* COPD 5 chronic obstructive pulmonary disease; CVA 5 cerebrovascular accident; Heme 5 hemoccult; Hx 5 history; LMP 5 last menstrual period; NOS 5 not otherwise specified;
Pap 5 Papanicolaou; PCP 5 Pneumocystis carinii pneumonia; Pe 5 physical examination; PUD 5 peptic ulcer disease; RPR 5 rapid plasma reagin.
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yond documentation of medical necessity (7, 32).
Appropriate quality audits cannot be conducted if
the physician is “given some manual in which the
criteria for several hundred diseases but not all the
undiagnosed complaints in medical practice were
cataloged with the unrealistic assumption that he
[or she] would study these each time he [or she] saw
a patient in a very busy practice” (32). A well-
conceived, standardized problem list is a good frame-
work to provide the clinical context that quality-of-
care audits require.

The CCPSS audit trail mappings from raw end-
user statements to final canonical form can help to
encode future users’ chart entries despite the pres-
ence of misspellings, abbreviations, synonyms, and
drug trade names. For example, “guiac positive stool”
maps to “heme positive stool” and “htpokalemia
induced by lasix” maps to the co-occurring problems
of “hypokalemia” and “furosemide adverse reaction.”
It is difficult for purely computational lexical meth-
ods to provide such conversions.

The applicability of comparative vocabulary stud-
ies (including ours) is time limited because many
vocabularies change substantially from edition to
edition. In the case of the UMLS Metathesaurus,
entire new vocabularies or large portions of vocab-
ularies are incorporated each year. Despite our ef-
forts to the contrary, the knowledge server program
may not have been set up to optimally estimate
UMLS coverage. This effect is probably small, given
the consistency of the current study results with
others.

In 1863, Florence Nightingale stated “I am fain
to sum up with an urgent appeal for adopting this
or some uniform system of publishing the statistical
records of hospitals” (112). More than a century
later, the 1996 Health Insurance Portability and Ac-
countability Act (113) required the establishment of
standards for a range of electronic administrative
health transactions, including the codes or vocabu-
laries to be used in selected elements of these trans-
actions. Although many administrative transactions
do not involve detailed clinical information, claims
attachments, for which a standard must be recom-
mended in 1999, often contain such information. If
implementation of the Health Insurance Portability
and Accountability Act proceeds as expected, it will
be an important first step in the establishment of
clinical vocabulary standards in the United States.

Our current study provides a basis for continuing
work on a clinically useful canonical problem vocab-
ulary. Such a vocabulary will enable the construc-
tion of more thorough and accurate electronically ac-
cessible problem lists and will permit epidemiologic
studies of problems across institutions. The authors
believe that the CCPSS (or a similarly derived vocab-
ulary), after additional refinement and testing, should

form the basis for a nationwide approach to this
issue. Mechanisms must be developed to share, use,
and maintain the CCPSS and similar vocabularies
across institutions. An excellent mechanism for vo-
cabulary standardization and distribution is the on-
going NLM UMLS project. We intend to provide a
copy of CCPSS to the NLM to be considered for
inclusion in and distribution through future releases
of UMLS. Much work remains to be done, and a co-
ordinated effort is mandatory. Clinicians, informat-
ics researchers, professional organizations, commer-
cial enterprises, and government institutions must
discuss these problematic issues and collaborate on
solutions to resolve the problem of problems.
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