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Is the problem list in the eye of the
beholder? An exploration of consistency

across physicians AMIZA OXFORD

INFORMATICS PROFESSIONALS. LEADING THE WAY. UNIVERSITY PRESS

John C Krauss, Philip S Boonstra,? Anna V Vantsevich,® and Charles P Friedman®
ABSTRACT

Objective Quantify the variability of patients’ problem lists — in terms of the number, type, and ordering of problems — across multiple physicians
and assess physicians’ criteria for organizing and ranking diagnoses.

Materials and Methods In an experimental setting, 32 primary care physicians generated and ordered problem lists for three identical complex
internal medicine cases expressed as detailed 2- to 4-page abstracts and subsequently expressed their criteria for ordering items in the list. We
studied variability in problem list length. We modified a previously validated rank-based similarity measure, with range of zero to one, to quantify
agreement between pairs of lists and calculate a single consensus problem list that maximizes agreement with each physician. Physicians’ rea-
soning for the ordering of the problem lists was recorded.

Results Subjects’ problem lists were highly variable. The median problem list length was 8 (range: 3—14) for Case A, 10 (range: 4—20) for Case B,
and 7 (range: 3—13) for Case C. The median indices of agreement — taking into account the length, content, and order of lists — over all possible
physician pairings was 0.479, 0.371, 0.509, for Cases A, B, and C, respectively. The median agreements between the physicians’ lists and the
consensus list for each case were 0.683, 0.581, and 0.697 (for Cases A, B, and C, respectively).Out of a possible 1488 pairings, 2 lists were iden-
tical. Physicians most frequently ranked problem list items based on their acuity and immediate threat to health.

Conclusions The problem list is a physician’s mental model of a patient’s health status. These mental models were found to vary significantly between
physicians, raising questions about whether problem lists created by individual physicians can serve their intended purpose to improve care coordination.

Keywords: medical problem list, coordination of patient care, ranked-biased overlap, electronic health record, ranked lists

INTRODUCTION
In 1968, Lawrence Weed proposed the concept of the “problem list,”
a transformative idea with the goal of helping physicians treat their pa-
tients more effectively and efficiently. Dr. Weed called the problem list
a “dynamic ‘table of contents’ of the patient’s chart, which can be
updated at any time . .. The essential combination of clarifying single
problems and integrating multiple problems is greatly facilitated by a
medical record that is structured around a total problem list.”" In to-
day’s world, in which healthcare is much more fragmented than in Dr.
Weed’s time, the problem list has taken on an even greater signifi-
cance. In particular, it holds the potential to greatly improve care coor-
dination by supporting the sharing of patient statuses during
transitions of care between providers and between care environments.
In testimony to their perceived value, problem lists are central to
the accreditation criteria of the Joint Commission? and were a key
objective of Meaningful Use policy.® In the context of care coordina-
tion, the problem list is a communication vehicle that, ideally, would
ensure that providers assuming the care of a patient inherit the re-
ferring providers’ understanding or “mental model” of the patient’s
condition. However, there is little reason to assume that a free-text
problem list, expressed in each provider’s own words, would be a
conduit for such shared understanding of a patient’s health status. A
recent report by Adler-Milstein et al. illustrated how sharing problem
lists does not automatically create coordination of care between pro-
viders: “practices differed in whether or not they included acute
problems on the problem list and short-term medications on the
medication list.”*

In general recognition of these challenges, other studies have ad-
dressed the institutionalization of problem lists,® their utilization by
outpatient providers in academic and community healthcare settings,®
physician attitudes towards problem lists,” physician acceptance of
approaches designed to improve the accuracy of electronic problem
lists,'® as well as the variance in problem list utility,"" accuracy,'? and
encoding13 by different types of physicians. In aggregate, these stud-
ies support the contention that the problem list’s utility cannot be as-
sumed. Other authors have proposed mechanisms to augment the
problem list's utility: organizational policies'*'® and interventions,'®
coded terminology,'”~'® automated inference from free text,?>>" clini-
cal decision support?>** and Natural Language Processing,>*2® im-
proving the design and visualization of problem lists,?”?® and using a
Wiki-model for problem lists.?® However, these ideas have largely
been realized only in isolated implementations and preliminary tests.

The point of departure for this study is the proposition that the ex-
isting literature has overlooked a fundamental set of questions that
must be addressed before any approaches can be successfully imple-
mented to realize the problem list's potential as a care coordination
tool. The applicability of the problem list for patient care planning and
coordination tacitly assumes that problem lists are objective (ie, that
all physicians will agree, for a given patient, on what that patient’s
problems are, on their order of importance, and on what criteria they
should be ranked). Recognizing that the problem list is fundamentally
an abstract representation of the patient, constructed in the mind of
each provider, we must understand to what extent these subjective
appreciations vary naturally across providers, in terms of their content
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and organization. Does it make sense to talk about THE problem list
for each patient, or, at the opposite extreme, is the number of valid
problem lists for a patient equal to the number of providers who care
for that patient? Some authors have argued that standardizing content
terminology and the granularity of problem expression are the
key strategies to unleash the problem list’s potential to support care
coordination.*® However, if physicians appreciate their patients in fun-
damentally different ways, merely standardizing the way these per-
ceptions are expressed will not achieve this purpose, making a deeper
approach to this challenge necessary.

One approach to address this question is to explore through exper-
imentation how different physicians construct the problem list of one
patient encountered at the same point in time. By describing how phy-
sicians intuitively construct and organize problem lists and quantifying
the extent of the differences between them, we can begin to identify
approaches and build tools that will help the problem list realize its po-
tential to improve care.

Accordingly, this study addresses four interconnected research
questions: (1) How various are the lengths of physician-subjects’ prob-
lem lists and to what extent does problem list length vary by subject
and case?; (2) Taking into account the length, content, and ordering of
problem lists, how similar are the physician subjects’ problem lists
overall?; (3) How much consensus exists within a statistically inferred
“consensus problem list”?; and (4) What are the predominant criteria
used by physicians to rank items in the problem list?

MATERIALS AND METHODS

Study Design

The study engaged a sample of primary care physicians (n=32) in
constructing problem lists for three identical, diagnostically challeng-
ing clinical cases that were presented to the physician subjects in 2-
to 4-page written narratives. The study was approved by the institu-
tional review board (IRB) of The University of Michigan. As described
below, the task of constructing the problem lists was minimally con-
strained, to create the most valid representation of each subject’s
mental model of the case while still allowing for comparisons of the
problem lists across physicians. After identifying and ordering the
problems in lists for all three cases, the physician subjects were asked
to describe the criteria they used to order the problems they listed.

Case Material

Three cases were selected for this study from a larger set developed
for research on physicians’ clinical reasoning that have been employed
in prior published research studies.>'** The cases were selected
based on their relevance to outpatient medicine as well as for varying
complexity and clinical domain. The cases were described in 2- to 4-
page written narratives.

Case A involved a patient presenting with a chief complaint of short-
ness of breath. The patient was found on initial evaluation to have a fe-
ver, rales, and splenomegaly. The patient’s laboratory examinations
were significant for hypoxia, anemia without iron deficiency, thrombocy-
topenia, and sputum positive for gram-positive diplococci, and a chest
X-ray showed bibasilar infiltrates. The patient’s past medical history in-
cluded diet-controlled diabetes mellitus, anxiety with depression, and
post-menopausal symptoms requiring hormone replacement therapy.

Case B involved a patient presenting with a chief complaint of fever,
sore throat, and facial pain. The patient was found on initial evaluation
to appear acutely ill and to have encephalopathy, proptosis, cranial
nerve palsies, hepatomegaly, and ascites. The patient’s laboratory ex-
aminations were significant for hyperglycemia with acidosis, renal failure
with hyponatremia and hyperkalemia, cerebrospinal fluid with increased
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neutrophils, and ascites with increased neutrophils, and a computed to-
mography (CT) scan showed a right maxillary sinus mass and a right or-
bital fracture. The patient’s past medical history included disabling
schizophrenia, alcohol and intravenous drug use in remission, active
smoker, alcoholic cirrhosis, and a laparotomy for a gunshot wound.

Case C involved a patient presenting with a chief complaint of
shortness of breath. The patient was found on initial evaluation to
have hypertension, a systolic ejection murmur, and a blind right eye.
The patient’s laboratory examinations revealed iron deficiency anemia
and a urinary-tract infection, and a chest X-ray showed a pleural effu-
sion and a pericardial effusion, which was bloody on pericardiocente-
sis. The patient developed a diastolic murmur after pericardiocentesis.
The patient’s past medical history included hypertension as well as a
hysterectomy and bilateral oophorectomy.

Subjects

Physician subjects were recruited by e-mail invitations. All members
of the general internal medicine faculty and family medicine faculty at
the University of Michigan who primarily see outpatients (n ~ 150)
were invited to participate in the study. A total of 38 physicians agreed
to participate in the study, and informed consent was subsequently
obtained per the IRB-approved protocol.

Pilot Study and Standardized Representation of Common Problem

List Items

A pilot study employing the first six physician subjects, whose data
were not included in the final analyses, served several purposes. It re-
fined the experimental procedure and verified that the subjects were
challenged by the selected cases. It also identified, for each case, the
problems that were likely to be included on many of the subjects’
problem lists in the subsequent experiment. This allowed for the con-
struction of a standardized representation, using the Systematized
Nomenclature of Medicine (SNOMED) and International Classification
of Diseases — 9 (ICD-9) terminology, of the commonly listed items on
problem lists, to allow for making valid comparisons of the lists across
subjects. Without structured language representation of the commonly
listed items, there would be no objective basis for deciding whether
problems listed by the subjects in their own words should be consid-
ered indicative of the same underlying clinical concept.

Experimental Method

The remaining 32 subjects were engaged in the study protocol that re-
sulted from the pilot study. Study sessions with each physician (all
conducted by the first author — J.C.K.) lasted from 30-90 min. The
cases were presented in a fixed order (A, B, C), with the most complex
case (Case B), as determined from previous studies, being second in
the order.®® For each of the three patient cases, physicians were first
asked to review the case and then generate a written problem list in
their own words. Each physician subject’s “natural language” problem
list for each case was then transferred to cards, with each problem
represented on a separate card. For each item in a subject’s natural
language list that, in the investigator’s opinion, potentially corre-
sponded to an item for which a standardized representation already
existed, the investigator offered the standardized representation, on a
pre-printed card, as a substitute. This was then followed by asking
clarifying questions, such as: “You listed ‘estrogen replacement ther-
apy,” would you agree that this is equivalent to ‘post-menopausal
symptoms requiring hormone replacement therapy’?” If the subject
accepted the substitution, a card with the standardized representation
was employed. Otherwise, the item was listed on a card in the sub-
ject’'s own words. Once all of a physician subject’s items for a case
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were listed on cards, the subject was asked to organize the cards into
an ordered list. In the resulting semi-standardized lists, items listed on
the pre-printed cards were considered to represent the same clinical
concept for analytical purposes, and items retained in natural lan-
guage were considered to represent different concepts.

To explore the reasoning that physicians used to order their problem
lists, they were asked: “What criteria did you use to order the diagnosis
in the problem lists that you generated?” Some physicians requested
prompting as to organizational schemes. When this occurred, the inves-
tigator would give the example, “One way of ordering the problems
would be alphabetical.” Responses were recorded by dense notes taken
during the session and annotated immediately afterward.

Analysis

To address the first research question, we calculated and descriptively
analyzed the lengths of the problem lists generated by the physician
subjects. The impact of each physician and case on the number of
problems in each list was estimated using a log-linear regression
model for the number of problems listed in excess of one as a function
of random physician and case effects.

To address the second research question descriptively, we initially
visually summarized all of the subjects’ problem lists for each case
with a histogram, capturing both the frequency with which a given
item was listed across all subjects and the rank order in which that
item appeared in the subjects’ lists.

We then created an index of similarity for any pair of problem lists for
a given case. This index is a novel extension of the rank-biased overlap
(RBO) measure described previously in the literature.**=° Values of RBO
lie in the interval [0,1], with RBO =1 corresponding to two identical lists
and RBO =0 corresponding to two completely nonoverlapping lists. In
the intermediate, RBO is an average of agreements over many depths,
where “agreement at depth d” is defined as the proportion of the first d
items that two lists have in common. For example, at depth d = 2, agree-
ment can be 0, 1/2, or 2/2, corresponding to two lists having zero, one,
or two of their first two items in common. The RBO measure as originally
described in the information retrieval literature assumes each list's length
to be infinite and thus does not exactly suit the purposes of this study.
Our modification of the RBO index, the length-dependent RBO (LDRBO),
is still an average of agreements and ranges in value from zero to one,
and its measures are interpreted the same as those of the RBO.
However, it is tailored to lists that are deliberately finite and vary in
length. For a pair of lists, the LDRBO is the average of agreements for all
values of d between 1 and the length of the longer of the two lists being
compared. (At the point that d exceeds the length of the shorter list, all
the items from the shorter list are considered.) Like its predecessor, the
LDRBO is “rank-biased,” meaning that agreement at a high rank propa-
gates to all subsequent agreements, and agreement on Rank 1 dispro-
portionately increases LDRBO, followed by Rank 2, etc.

To address the third research question, we used the LDRBO to cal-
culate a “consensus problem list” for each case, which is a consolida-
tion of the 32 physicians’ lists into a single hypothetical list. We first
looked at every possible list (considering any problem listed by at least
one physician) of any length and calculated its LDRBO with each of the
32 physicians’ lists. The consensus problem list is defined as the list
having the maximum median LDRBO across all subjects, and the cor-
responding maximum value of the median LDRBO may be interpreted
as portraying how much agreement exists between the physicians’
problem lists for a case. The Supplementary Appendix provides the
technical details of our approach.

To address the fourth research question, we qualitatively summa-
rized the physician subjects’ descriptions of their rationales for order-
ing their problem lists. At the completion of the generation of the

problem lists, an interview was conducted about the criteria the physi-
cians used to organize items in the problem lists. The three problem
lists were reviewed, and the physicians were asked to name the most
important concept for listing the problems. These concepts were sub-
sequently tabulated and displayed graphically.

Figures 1, 2, and all the statistical analyses were done in R,*
using the R package RColorBrewer.*’

RESULTS

Research Question 1 — Exploring Problem List Length

The median problem list length and interquartile range for Cases A, B,
and C were 8 (5-9), 10 (8-12.5), and 7 (6-9), respectively. The log-
linear model estimates the extent to which the number of problems in
the lists varied by physician and case. Across all the cases, the overall
mean list length was 8.2 problems. Case-specific deviations from this
mean, across all physicians, were -0.7 (Case A), 2.4 (Case B), and
-1.0 (Case C). Physician-specific deviations, across all cases, varied
from -2.3 to 4.2, with an interquartile range of 1.6 on these deviations.
This analysis revealed that, for the samples employed in this study,
the variances in problem list length from case to case and from physi-
cian to physician are of comparable magnitude.

Research Question 2 — Exploring the Overall Similarity of the

Problem Lists

Figure 1 plots all the items listed for each case across all subjects,
ordered according to frequency of appearance and shaded to indicate
where in the subjects’ rankings that item was listed. Supplementary
Table S1 lists the full names of all the problems in the same order.
This figure is visually suggestive of the high degree of variability in the
subjects’ lists. For example, the proportion of highly unique items —
those listed by only one or two physicians — was 12/28, 24/47, and
16/30 for Cases A, B, and C, respectively. The median LDRBO over all
possible physician pairings (32 x 31 +~ 2 =496) was 0.479, 0.371,
and 0.509 for the three cases, respectively, pointing to greater agree-
ment between Cases A and C. Out of all pairings across all three cases
(496 x 3 =1488), in only one instance (occurring in Case A) were
identical lists generated by a pair of physicians.

Research Question 3 — Exploring the Consensus Problem List

The computed consensus problem lists for Cases A, B, and C, which
contained 8, 15, and 7 problems, respectively, are given in Table 1.
Figure 2 compares each physician’s problem list for each case with the
underlying consensus list for each case, ordered by increasing similar-
ity to the consensus list, and starting with the physician lists that are
least similar to the consensus lists. The median LDRBO (ie, the median
average overlap) between the consensus list and the 32 physicians’
lists for Cases A, B, and C is 0.683, 0.581, and 0.697, respectively.

Research Question 4 — Exploring the Ordering of Items in the

Problem List

The creation of any list requires a list ordering structure, which is not
always explicitly stated. For example, the problem list could be
ordered alphabetically, by time of occurrence of the problem, or by the
acuity of the problem. The rationales offered by physicians for ordering
their problem lists employed somewhat different language but clus-
tered around the concepts of acuity and immediacy (Figure 3). Sixteen
(50%) physicians specifically used the term “acuity” to describe their
ranking, and ten (31%) used the phrases “life-threatening,” “needs
immediate action,” or “immediate danger,” connoting the general
concept of immediacy. The remaining physicians provided “root
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Figure 1: Frequency of all the problems listed by the physician subjects, shaded according to ranking within a physician’s problem list.
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cause” (n=2), “chief complaint” (n=2), ongoing management
(n=1), and mortality (n = 1) as their rationale for ordering their lists.

DISCUSSION

Through an experimental protocol, we have formally quantified the
variability in physicians’ mental models of three complex cases as
reflected in ordered problem lists. We have portrayed this variability
through an analysis of the length, content, and ordering of the problem
lists. Problem list lengths varied by comparable degrees by physician
and case. Based on the small sample of cases employed in this study,
we did not find a strong tendency for an individual physician to consis-
tently produce either long or short lists. The combined effects of all
three of these sources of variability can be captured by the LDRBO
index, which can also be used to mathematically combine multiple
problem lists into a single consensus list.

For Cases A and C, there was widespread agreement on the top-
ranked problem. Beyond the top-ranked item, many problem lists con-
tained the same items but not necessarily in the same order, and, as
reflected in the range of list lengths, there was great variability in the

862

tacit criteria used by physicians to include a problem in the list. Case
B is more complex, due to the patient having multiple problems with
competing priorities in terms of both acuity and potential mortality.
There was greater variability in both the number and nature of the
problems listed by each physician in the problem list for Case B.
Overall, the naturally occurring variation in physicians’ mental models
of a complex clinical case — as reflected in the length, content, and order-
ing of their problem lists — is sufficient to engender concern about the
utility of a natural language problem list as a tool for care coordination.
The results of this study can allow us to extrapolate that the problem list
that a physician receiving a new patient would be cognitively
“expecting,” as reflected by the problem list he or she would hypotheti-
cally generate for that patient, would likely be very different from the
problem list that the referring physician actually transmits. The variability
in the problem lists generated in this study by a substantial sample of
practicing physicians suggests that, on average, the referring physician’s
list will contain about 50% of the information — taking into account the
length, content, and order of the problem lists, reflected in the LDRBO —
that the receiving physician would expect to get. Even though a large
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Figure 2: All problem lists, ordered according to agreement with the consensus problem list. Full problem names are given in Table 1.

Shaded problems are those also listed in the consensus list, and “x”
line plots LDRBO between each problem list and the consensus list.
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proportion of physician subjects reported using the same general criteria
for ordering their problem lists, there was significant variability in where
an item (when it was included in multiple lists) actually appeared in the
lists. Although these findings confirm assertions that interventions to
standardize the problem list are needed to improve their utility for care
coordination, our study also suggests that these interventions may need
to transcend terminological and format standardization to more cogni-
tively oriented interventions that prompt physicians to think about prob-
lem lists in more uniform ways.

The criteria that the physician subjects reported using for ranking
items in the problem list, which were focused on acuity and immedi-
acy, were relatively homogenous. However, the observation that items
listed by many physicians often appeared in different locations in the
problem lists they generated suggests that subjects may have been
applying or interpreting these common criteria very differently when
constructing their lists.

The problem list can provide a synoptic perspective on the patient’s
current health status, but the divergent views of physicians on what items
to include in the problem list often may not present a clear picture. This
uncertainty in the items to be included in the problem list extends to the
highest levels of healthcare, with the Office of the National Coordinator
defining the problem list as the “current and active diagnosis, as well as
the past diagnosis relevant to the current care of the patient,” and the
Joint Commission naming the problem list the “problem summary list”
and defining it as “any significant medical diagnoses and conditions, any
significant operative and invasive procedures, and adverse or allergic
drug reactions, any current medications, over-the-counter medications,
and herbal preparations,” and the American Health Information
Management Association defining the problem list as “a list of illnesses,
injuries, and other factors that affect the health of an individual patient,
usually identifying the time of occurrence or identification and
resolution . . . including items from organization defined national stand-
ards, known significant medical diagnoses and conditions, known
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Table 1: Consensus Problem Lists l Figure 3: Rationale for ranking of problem lists.

Methods of Ranking

Rank Case A Case B Case C

1 Pneumonia Maxillary sinus Pericardial
mass effusion

2 Diabetes Diabetic Urinary tract

mellitus ketoacidosis infection

3 Anemia Encephalopathy Anemia

4 Splenomegaly Spontaneous Elevated liver
bacterial function tests
peritonitis

5 Depression with Renal failure History of

anxiety smoking

6 Osteoarthritis Multiple cranial Hypertension
nerve palsies

7 Renal failure Hyponatremia Blind in right

eye

8 Hypoxia Cirrhosis due to
alcohol

9 Hyperkalemia

10 Sinusitis

11 Schizophrenia

12 Hypertension

13 Orbit fracture

14 History of IV
drug use

15 Dehydration

IV, intravenous.

significant operative and invasive procedures affecting current health, and
known adverse and allergic reactions.”'* The lack of agreement on the
definition of a problem list leaves each institution to determine its own
problem list policy, which makes the interoperability of problem lists
between institutions more difficult.

Even with a unified problem list policy in place, there is little incen-
tive in many documentation workflows to curate problem lists. For
example, a cardiologist may need to resolve a patient’s previously
unexplained symptoms of peripheral edema, shortness of breath, and
systolic murmur into congestive heart failure caused by mitral regurgi-
tation, but may rely on the patient’s primary care provider to update
the problem list. The problem list is an essential part of handing off
the patient to the next provider, so implementing the suite of ideas
that have proven successful for the I-PASS hand-off (lliness severity,
Patient summary, Action list, Situational awareness, Synthesis by
receiver) may serve as a model for improving the quality of problem
lists.%® Ultimately, each care provider must represent his/her under-
standing of the overall health status of the patient in the patient’s chart
and use the problem list to convey that understanding to all the pro-
viders involved in the patient’s care.

Our study has several limitations. Most important, although the
objectives of this study required a constructed experiment, a written
synopsis of a case is never the same as seeing and examining an
actual patient, and the effects of this experimental intervention are dif-
ficult to estimate. Second, our relatively small sample of cases raises

864

H Acuity

M |ife threatening

“I Meeds immdiate action
Y mmediate danger

¥ Root cause

¥ Chief complaint

¥ Ongoing management

® Mortality

important questions about whether the variability of problem lists
might vary between different disease domains. We intentionally
selected complex cases to reflect those clinical situations in which
well-coordinated hand-offs in care transitions might be particularly
important. Partially standardizing the terminology used to express
items in a problem list obviated the need for investigators to judge
whether two related items were clinically synonymous. Offering the
physician subjects standardized substitutes for terms expressed in
their own words likely biased the results, but this would be a conser-
vative, homogenizing bias. To the extent that this bias existed, the
physicians’ actual problem lists would be more variable than those
reported on here. Third, the manual system we used is different from
the workflow that happens in most electronic health records, in which
the problem list items are chosen from a large list of symptoms and
diagnosis provided in the electronic health record. We plan on replicat-
ing this experiment in one or more commercial systems to determine
the amount of variability this workflow introduces.

CONCLUSION

Problem lists are physicians’ subjective mental models of their
patients’ health status. We have formally quantified the variability in
physician agreement on problem lists. Further study of the generation
and organization of the problem list may allow for the creation of prob-
lem lists that present a more consistent abstraction of patients’ current
health status and care needs.
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