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the sample resident surveys used in this study.

Introduction

Computer-based medical diagnostic decision support systems

(MDDSSs) have been available for 50 years.1,2 While many

initial evaluations of these systems focused on the ability of

the system itself to arrive at the ’’correct’’ diagnosis,3–6 more

recent studies have evaluated whether the systems enhance

the diagnostic ability of clinicians.7–10 Working in partnership

Funding: This work was conducted with support from Harvard Catalyst | The
Harvard Clinical and Translational Science Center (NIH Award UL1 RR 025758)
and financial contributions from Harvard University and its affiliated
academic health care centers.

Additional funding support for this study was provided by a grant from the
Partners-Siemens Research Council. The Partners-Siemens Research Council
did not participate in the design of the study, in the collection, analysis or
interpretation of the data, in the writing of the report, or in the decision to
submit the article for publication. The researchers were independent from the
Partners-Siemens Research Council.

The content is solely the responsibility of the authors and does not
necessarily represent the official views of Harvard Catalyst, Harvard University
and its affiliated academic health care centers, the National Center for
Research Resources, or the National Institutes of Health.

Abstract

Background Computer-based medical diagnostic
decision support systems have been used for decades,
initially as stand-alone applications. More recent
versions have been tested for their effectiveness in
enhancing the diagnostic ability of clinicians.

Objective To determine if viewing a rank-ordered list of
diagnostic possibilities from a medical diagnostic
decision support system improves residents’ differential
diagnoses or management plans.

Method Twenty first-year internal medicine residents at
Massachusetts General Hospital viewed 3 deidentified
case descriptions of real patients. All residents completed
a web-based questionnaire, entering the differential
diagnosis and management plan before and after seeing
the diagnostic decision support system’s suggested list of
diseases. In all 3 exercises, the actual case diagnosis was
first on the system’s list. Each resident served as his or her
own control (pretest/posttest).

Results For all 3 cases, a substantial percentage of
residents changed their primary considered diagnosis
after reviewing the system’s suggested diagnoses, and a
number of residents who had not initially listed a
‘‘further action’’ (laboratory test, imaging study, or
referral) added or changed their management options
after using the system. Many residents (20% to 65%
depending on the case) improved their differential
diagnosis from before to after viewing the system’s
suggestions. The average time to complete all 3 cases
was 15.4 minutes. Most residents thought that viewing
the medical diagnostic decision support system’s list of
suggestions was helpful.

Conclusion Viewing a rank-ordered list of diagnostic
possibilities from a diagnostic decision support tool had
a significant beneficial effect on the quality of first-year
medicine residents’ differential diagnoses and
management plans.
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with an information source has been theorized to help

individuals perform better than when unassisted.11 In regard

to MDDSSs, Miller wrote, ‘‘the ultimate unit of evaluation

should be whether the user plus the system is better than the

unaided user.’’7 While evaluations of MDDSSs in vitro can be

useful as these systems develop, evaluations that measure the

ability of a system to help clinicians or improve clinicians’

performance are preferable.1

DXplain (General Hospital Corp, Boston, MA) is an

MDDSS developed at the Massachusetts General Hospital

(MGH) Laboratory of Computer Science; it has evolved

and expanded and been used continually since 1987. The

knowledge base contains more than 2400 disease profiles,

more than 4800 clinical findings (history, physical exam-

ination, and laboratory terms) and hundreds of thousands

of data points that describe the relationships between them.

Diseases included in the knowledge base encompass the

specialties and subspecialties of internal medicine, surgery,

pediatrics, and obstetrics and gynecology.12 Previous

studies have shown that the system performed well in

suggesting appropriate diseases.13,14

Prior studies have examined how computer-based

decision support systems, including other MDDSSs, influ-

ence user performance.8,15–18 This is the first study to

determine whether the differential diagnoses and manage-

ment plans of first-year internal medicine residents could be

improved by viewing the rank-ordered list of diagnostic

considerations from DXplain.

Methods

We identified 3 cases from actual patients with high-risk

diagnoses (ovarian cancer, colon cancer, and appendicitis)

by using a research patient data registry developed in our

laboratory, and abstracted and deidentified these into case

summaries. Summaries only included information from

medical notes before the high-risk diagnosis had been

established. For each case, relevant case terms were entered

into DXplain to observe the rank order of the high-risk

diagnosis on DXplain’s list. Relevant case terms were

demographic findings, high information findings, and other

findings in the summary relevant to the patient’s presenting

complaint. We chose cases for which DXplain successfully

raised the consideration of the high-risk diagnosis, given the

selected case terms. For the case descriptions shown to the

residents, we used deidentified narrative text from patient

notes entered by the clinician into the electronic medical

record. Irrelevant negative findings were omitted for brevity.

The study received Institutional Review Board approval.

Seventy-five MGH first-year internal medicine residents

were recruited via e-mail after approval by the residency

program director. A gift certificate to Amazon.com was

offered for participation. After consenting to participate,

residents were sent individual login information to the

survey website. Three cases were presented to each

participant. After viewing each case description, residents

were asked to indicate the most likely diagnosis and then to

list up to 2 more diagnoses that also would be reasonable to

consider given this information. For each of these

diagnoses, they were asked to list what further action

should be taken (eg, colonoscopy, abdominal computed

tomography or ultrasonography, surgical or gynecological

referral). Residents were instructed not to use any external

references as they completed the survey.

DXplain’s disease list for the case was then displayed,

and each resident was again asked to list the most likely

diagnosis and up to 2 additional diagnoses that should be

considered and any further actions for each. For each case,

DXplain’s disease list contained 15 to 20 potential

diagnoses, several of which were supported or strongly

supported (indicated by a + or ++). In all 3 cases used, the

patient’s ultimate diagnosis was highest on DXplain’s list.

Finally, participants were asked the question ‘‘Do you feel

that DXplain’s list of possible diseases was helpful in

expanding your diagnostic focus?’’ (5-point Likert scale:

Of no use 5 1, Minimal help 5 2, Somewhat helpful

5 3, Helpful 5 4, Very helpful 5 5). The sample cases

used in this study are provided as online supplemental

material.

Outcome Measures

Diagnosis ‘‘Off’’ List to ‘‘On’’ List Whether the case

diagnosis was absent from the resident’s differential

diagnosis before seeing DXplain’s suggestions, but present

What was known

Computer-based medical diagnostic decision support systems can
enhance the diagnostic effectiveness of clinicians.

What is new

Use of medical diagnostic decision support systems improved the
differential diagnosis in 20% to 65% of participating interns, depending
on the case. The time commitment was reasonable at 15 minutes for all
3 cases.

Limitations

Single site, small sample. Cases were selected to maximize impact if a
diagnosis were omitted from initial consideration. Subjects were interns,
and the effect would likely be less pronounced for more experienced
clinicians.

Bottom line

Viewing a rank-ordered list of diagnostic possibilities from a diagnostic
decision support tool has a positive effect on first-year medicine
residents’ differential diagnoses and management plans. Effects may be
more modest for more experienced clinicians.
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on the differential diagnosis after the resident viewed

DXplain’s suggestions.

Diagnosis ‘‘Off’’ List or Alternate Diagnosis to

No. 1 Diagnosis Whether the case diagnosis moved from

being ‘‘off’’ the resident’s differential before DXplain’s

suggestions were seen to being first on the differential after

the resident viewed DXplain’s suggestions, or moved from

the third or second position on the resident’s differential

before DXplain’s suggestions were seen, to the first position

after the resident viewed DXplain’s suggestions.

Further Action ‘‘Off’’ List to ‘‘On’’ List Whether a

recommended management plan that was not listed by the

resident before seeing DXplain’s suggested differential

diagnosis was included after those suggestions were viewed

by the resident.

Overall Impression of Usefulness of DXplain’s Suggestions

Based on a 5-point Likert scale: 1 5 Of no use, 5 5 Very

helpful.

Time to Complete all Cases Time for each resident to

complete all cases.

Time Spent Considering DXplain’s List and Entering

Follow-up Differential Diagnosis Time between

submitting the initial differential diagnosis until submitting

the second differential after viewing DXplain’s suggestions.

The McNemar test was used to compare the before and

after results to determine whether viewing DXplain’s

suggestions had an effect. The SAS program19 was used to

compute the test results.

Results

Of the 75 MGH first-year internal medicine residents

invited to participate, 20 accessed the web-based

questionnaire and completed all 3 cases. The average time

(SD) to complete the 3 cases was 15.4 (5) minutes. The

average time (SD) for all residents and all cases, between

entering the initial differential diagnosis and entering the

subsequent differential after reviewing DXplain’s sugges-

tions was 2.3 (1.3) minutes.

For case 1, 13 of 20 residents (65%) who had not

considered the case diagnosis before viewing DXplain’s

suggestions did indicate this diagnosis as a possibility after

seeing DXplain’s list. This was statistically significant

(P , .001) with the McNemar test. Three of 20 residents

(15%) listed the case diagnosis both before and after

viewing DXplain’s list, and 4 of 20 (20%) did not list the

case diagnosis either before or after viewing the list. Six of

20 (30%) of residents who, before viewing DXplain’s

suggestions, had either not listed the case diagnosis, or

listed it as an alternate possibility, moved the case diagnosis

to the primary consideration after viewing DXplain’s list.

Thirteen of 20 (65%) who had not initially listed a ‘‘further

action’’ (laboratory test, imaging study, or referral)

considered correct (eg, recommended management in

standardized texts such as UpToDate20) before viewing

DXplain’s list did include a correct management option

after seeing the list. This result was also statistically

significant (P , .001) with the McNemar test. In both case

2 and case 3, the residents either added the correct

diagnosis to the differential and/or moved it to the top of

their lists a significant minority of the time (T A B L E ). The

McNemar test could not be performed in a few situations

because of the degeneracy case (eg, in case 3 when 25% of

residents who had initially not listed the case diagnosis did

so after seeing DXplain’s list, since all the residents [100%]

listed the case diagnosis after the intervention). On the 5-

point Likert scale, residents on average found viewing

DXplain’s list to be ‘‘helpful.’’

T A B L E Percentage of Residents Achieving Outcome Measure and Survey Question Responses

Outcome Measure Case 1: Ovarian CA Case 2: Colon CA Case 3: Appendicitis

Dx off list to on list
Residents achieving measure, % (P value per McNemar test)

65 (,.001) 20 (.046) 25a

Dx off list or alternate Dx to No.1 Dx
Residents achieving measure, % (P value per McNemar test)

30b 35 (.008) 35 (.008)

Further action off list to on list
Residents achieving measure, % (P value per McNemar test)

65 (,.001) 15c 20 (.18)

Survey question,d response 6 SD 3.7 6 1 3.8 6 1 4.0 6 0.6

Abbreviations: CA, cancer; Dx, diagnosis.
a McNemar test not applicable because all residents listed the case diagnosis after the intervention.
b McNemar test not applicable because no residents listed the case diagnosis as a first choice before the intervention.
c McNemar test not applicable because all residents listed a further action after the intervention.
d ‘‘Was DXplain helpful in expanding your diagnostic focus?’’: 1 5 Of no use; 2 5 Minimal help; 3 5 Somewhat helpful; 4 5 Helpful; 5 5 Very helpful.

EDUCATIONAL INNOVATION

Journal of Graduate Medical Education, June 2012 229

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-10-24 via free access



Discussion

Our results show that the differential diagnoses of residents

improved after viewing suggestions provided by the

DXplain MDDSS. Since the average time to complete all 3

cases was 15.4 minutes, and the average time between

entering the initial differential diagnosis and entering the

subsequent differential after reviewing DXplain’s sugges-

tions was only 2.3 minutes, there was little time for the

residents to consult other resources. Therefore, it is likely

that the only factor triggering a change in the residents’

differentials and management plans was DXplain’s list of

suggested diagnoses. A study by Friedman et al21 showed

that 41% of resident participants were overly confident,

and did not seek assistance in establishing a diagnosis,

when listing diagnoses later determined to be incorrect

during the generation of differential diagnoses for a set of

cases, and 36% of students and 32% of faculty were

similarly overconfident. It is reassuring that our results

suggest that the residents were receptive to the decision

support offered. That the residents changed their differen-

tials in response to the diagnostic suggestions suggests that

‘‘anchoring’’ and overconfidence were not insurmountable

effects.21

The cases used in this study were real and the patients’

diagnoses had already been established. We purposely

chose cases for which the diagnosis was not immediately

obvious, but for which DXplain listed the case diagnosis

high on its differential diagnosis list when the case findings

were entered. There was a significant difference in the effect

that the residents’ viewing DXplain’s suggestions had in

case 1 (ovarian cancer) compared with cases 2 (colon

cancer) and 3 (appendicitis), regarding how often the case

diagnosis went from being off the list to being included on

the list. This is likely due to the case 1 description, for

which findings of urinary frequency along with suprapubic

discomfort and abdominal bloating and pain, steered the

residents toward diagnoses of the genitourinary and

gastrointestinal systems, respectively, for their initial

differentials (before seeing DXplain’s differential). Current

medical literature supports a consideration of ovarian

cancer given these symptoms,22,23 and DXplain’s knowledge

base reflects this information. Cases 2 and 3 were less

subtle, and this may explain why the MDDSS was less

influential than in case 1. However, viewing DXplain’s

suggestions was still helpful in these cases, increasing by

20% to 25% the degree to which residents included the

case diagnosis in their differentials as compared with before

viewing DXplain’s list.

We sent a questionnaire one time to each repeat user of

DXplain. From 2001–2011, a total of 4301 of 6063 unique

users who submitted questionnaires responded that

‘‘DXplain suggested appropriate diseases in its differential

that had not been considered.’’ This question and the

response results are similar to the survey question

regarding residents’ acceptability of DXplain in the

current study, and thus add face validity to the results.

While our results are encouraging, there are some

possible pitfalls.

Limitations

In addition to selecting cases for which the diagnosis was

not immediately apparent from the visit note, we chose

cases and diagnoses for which DXplain’s utility could be

maximal if it raised that diagnosis for consideration. In

clinical practice, many patients will ultimately be diag-

nosed with less serious conditions or with diagnoses for

which decision support would be neither helpful nor

necessary. If MDDSSs are integrated into clinical work-

flows, it will be important to balance the thresholds at

which an MDDSS agent generates an alert so as to

minimize false positives, and consequently reduce alert

fatigue.24

In each of the 3 cases, the actual case diagnosis was

listed first on DXplain’s list. This could be a source of case-

selection bias. Further research would be needed to

determine the effect on residents’ differential diagnoses of

the actual case diagnosis being lower on DXplain’s list.

The participants in our study were MGH first-year

medical residents. Others9 have shown that the degree to

which diagnostic decision support can be helpful varies

inversely with the experience of the clinician. Therefore,

our results may be better than what might be achieved with

more experienced clinicians. However, even a more modest

improvement in suggesting for consideration diagnoses not

previously considered would be beneficial to diagnostic

accuracy.

Conclusion

Our data support the notion that viewing a rank-ordered

list of diagnostic possibilities from a diagnostic decision

support tool has a significant beneficial effect on the quality

of first-year medicine residents’ differential diagnoses and

management plans. Further study is needed to establish

whether integrating computer-based decision support tools

with clinical workflows may allow for earlier or improved

diagnosis and more appropriate management.
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