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Abstract

Background—Studies report higher diagnostic accuracy using the collective intelligence (CI)
of multiple clinicians compared with individual clinicians. However, the diagnostic process is
iterative, and unexplored is the value of CI in improving clinical recommendations leading to a
final diagnosis.

Methods—To compare the appropriateness of diagnostic recommendations advised by individual
physicians versus the CI of physicians, we entered actual consultation requests sent by primary
care physicians to specialists onto a web-based CI platform capable of collecting diagnostic
recommendations (next steps for care) from multiple physicians. We solicited responses to 35
cases (12 endocrinology, 13 gynecology, 10 neurology) from =3 physicians of any specialty
through the CI platform, which aggregated responses into a Cl output. The primary outcome was
appropriateness of individual physician recommendations versus the CI output recommendations,
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using recommendations agreed upon by two specialists in the same specialty as a gold standard.
The secondary outcome was the recommendations’ potential for harm.

Results—177 physicians responded. Cases had a median of 7 respondents (interquartile range:
5-10). Diagnostic recommendations in the CI output achieved higher levels of appropriateness
(69%) than recommendations from individual physicians (45%) (X2=5.95, p=0.015). 54% of
the CI recommendations vs. 41% of individuals’ recommendations were potentially harmful
(X2=2.49, p=0.11).

Limitations—Cases were from a single institution. ClI was solicited using a single algorithm/
platform.

Conclusions—When seeking specialist guidance, diagnostic recommendations from the ClI of
multiple physicians are more appropriate than recommendations from most individual physicians,
measured against specialist recommendations. Although CI provides useful recommendations,
some have potential for harm. Future research should explore how to use CI to improve diagnosis
while limiting harm from inappropriate tests/therapies.

INTRODUCTION

Diagnostic errors — defined by the National Academy of Medicine as “the failure to
establish an accurate and timely explanation of a patient’s health problem or communicate
that explanation to the patient”! — are frequent and have a significant impact on patient
morbidity and mortality.2~7 Prior studies have shown that five percent of US adults who
seek outpatient care annually experience a diagnostic error,® and that diagnostic errors
may contribute to approximately ten percent of patient deaths.8% Less is known about
diagnostic error than other areas of patient safety.10-12 To advance the field, in 2015, the
National Academy of Medicine published /mproving Diagnosis in Health Care.13 This
report provided eight key suggestions to improve diagnosis and reduce diagnostic errors,
including the recommendation to facilitate more effective teamwork among healthcare
professionals.

This recommendation has driven patient safety advocates to explore collective intelligence
(ClI) tools to address diagnostic error and delay. Collective intelligence is a shared
intelligence that emerges from a group of individuals acting independently or collectively
on the same task. It leverages the fact that a group is likely to outperform an individual in
cognitive tasks across a variety of fields.141> Within medicine, Cl has shown promise in
areas of visual diagnosis (radiology, dermatology),16:17 where CI has reliably outperformed
individual physicians in detecting malignancies. Few studies have explored the benefit of
ClI for general medical diagnosis, and prior studies in general diagnosis have focused on
simulated cases.18 A study of medical students’ abilities to accurately diagnose simulated
emergency medicine cases found that the CI outperformed individual students.1® Another
recent study found that the CI of multiple physicians had greater diagnostic accuracy than
individual physicians in 1500+ simulated cases written for general practitioners.20

The development of digital tools that facilitate collaboration and communication among
physicians?1-23 provide new opportunities to investigate and leverage the potential of CI,
particularly for physicians who practice in isolated settings. A CI platform open to all
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healthcare practitioners is the Human Diagnosis Project (Human Dx), a multinational effort
in which physicians and medical students both submit and solve clinical cases, and was the
platform used in a prior Cl study.20

Although CI has shown promise to improve diagnostic accuracy, there is limited literature
assessing whether the CI of multiple physicians has utility in the diagnostic process, prior to
reaching a definitive final diagnosis. Most literature has focused on diagnostic accuracy and
diagnosis as if clinicians reach a diagnosis in a one-step process. However, as noted by the
National Academy of Medicine,! the diagnostic process is complex and iterative. It involves
a repeating cycle of information gathering, information integration and interpretation, and a
working diagnosis until the diagnosis is communicated to the patient. Reducing diagnostic
errors will require interventions at each stage of the diagnostic process.

In recognition of the multi-step, iterative nature of the diagnostic process in real clinical
care, we sought to determine if CI would provide value during earlier stages of the
process. Specifically, when a clinician refers a patient to a specialist, the referring

clinician is often seeking guidance on next steps for evaluation and care (rather than an
immediate diagnosis) — a stage when feedback can most impact diagnostic accuracy.?4
Ideally, all general practitioners would have adequate access to specialty expertise when
making decisions outside their clinical expertise, but specialty access is limited in many
settings due to time, cost, or availability. Accordingly, our study aimed to: (1) assess

the appropriateness of diagnostic steps advised by the CI of multiple physicians versus
individual physicians collected on a digital CI platform at an earlier stage of the diagnostic
process when cases were referred to a specialist, and (2) describe the potential harm of
inaccurate recommendations from the CI output and individual physicians. We hypothesized
that the CI output from multiple physicians would provide more appropriate diagnostic
recommendations than individual physicians measured against specialist recommendations
as the gold standard.

METHODS

Collective Intelligence Platform and Cases

The Human Diagnosis Project (Human Dx) platform is a mobile application that allows
individuals with any level of medical training (medical student, resident/fellow, attending
physician) to both: 1) submit their own clinical case to elicit feedback on the diagnosis

and plan; and 2) contribute feedback on diagnoses and plans for any case submitted by
other Human Dx users. For this study, Human Dx users responded by using free text to
submit a ranked list of differential diagnoses and suggested next steps for the plan of care.
Submitted cases include a one-line summary of the case, a clinical question, and relevant
history, physical exam, and diagnostic tests (e.g., laboratory or imaging results). (Appendix
1: Example Case) This study was approved by our institution’s institutional review board.

At the time of this study, Human Dx used a 1/n proportionally weighted algorithm based
on individual user responses to produce a Cl for the case, as previously described 20 (see
Appendix 2: Collective Intelligence Rule). In brief, for a submitted case, the Human Dx
algorithm creates a Cl output composed of respondents’ ranked list of diagnoses (collective
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differential) and recommendations or next steps (collective plan). (See Appendix 3: Sample
Collective Intelligence Output.) This CI output reflects both how frequently a diagnosis

or plan appears among all responses and its ranking on each respondent’s ordered list

(e.g., top diagnosis versus fifth diagnosis), but this automated process does not account for

alternative spellings of the same recommendation (e.g., blood pressure measurement or BP
measurement).

To acquire a sample of diverse real-life cases to submit to the Human Dx platform,

an investigator (EK) reviewed actual specialist consultation requests in endocrinology,
gynecology, and neurology cases submitted by clinicians at an integrated healthcare system
from 2015 to 2017, using the healthcare system’s existing electronic consultation platform
(e-consult).25:26 These three specialties were chosen because they are areas in which primary
care clinicians have some knowledge, and within this healthcare system, a specialist is
required to review e-consult requests prior to scheduling an in-person specialty clinic
appointment. As a result, the specialist consultants often provide recommendations to the
referring clinician to advance patient care prior to scheduling a patient for an appointment.
For each of the three specialties, an investigator (EK) selected ~15-20 cases for which
there were clear diagnostic steps recommended by the e-consult specialist. Most cases
were early in the diagnostic process, and no diagnosis was provided through the e-consult
communication. We focused on cases where recommendations were provided about next
steps for evaluation of the patient (i.e., the plan) rather than diagnosis. Cases were selected
to ensure no chief complaint was represented more than twice.

Identification of Specialist-Consensus Recommendations

Few cases had guideline-recommended approaches for working up the patient’s complaint.
Therefore, to assess the appropriateness of the recommended approach in the study

cases, the study team used agreement between two specialist physicians as indicative

of a reasonable standard of care and the basis for comparison (i.e., specialist-consensus
recommendations), per an established approach drawn from the patient safety literature2’.28
(Figure 1). The first specialist (specialist A in figure 1: step 1) was the initial specialist
within the integrated healthcare system that responded to the e-consult. To acquire the
recommendations of a second specialist, an investigator (ECK) entered case information
onto the Human Dx platform from August 2017 to March 2018. From board-certified
specialist users on Human Dx, the study team recruited an endocrinologist, neurologist, and
gynecologist to respond to the study cases entered on Human Dx in their specialty (specialist
B in figure 1: step 2); each of these specialists responded to the case by submitting a
differential diagnosis and planned next steps from September 2017 to April 2018. The
Human Dx specialists had access to the exact same information as the other Human Dx
users who later responded to the case (Figure 1: step 4). If the e-consult specialist and
Human Dx specialist agreed on at least one recommended next step in a submitted case, we
included that case in this analysis (N=35). The two specialists reached agreement on at least
one recommendation in 12/14 (86%) endocrinology, 13/19 (68%) gynecology, and 10/19
(53%) neurology cases. We designated recommendations that both specialists agreed upon
as “specialist-consensus recommendations” and established this as the gold standard against
which to assess our outcomes. Each of the 35 cases had one to six specialist-consensus
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recommendations. Appendix 4 contains one-line summaries of cases included in this study
with their specialist-consensus recommendations.

Data Collection

Outcomes

Collective Intelligence Output—We solicited responses to the 35 cases with specialist-
consensus recommendations from Human Dx users from August 2017 to November 2018
until we had a minimum of three respondents, which is the number after which the accuracy
of Cl plateaus.2 We only included respondents with medical degrees who practiced

within the United States (due to differences in practice patterns and available resources
among countries). The physician respondents could be trained in any specialty, including
endocrinology, gynecology, or neurology. The CI output for each case was derived from the
responses of all physician respondents within the US (excluding the designated specialist B
for each case).

Independent Individual Physician Respondents—We designated the first three
US-based physician respondents to each case (who could be trained in any specialty) to
serve as our comparison cohort of “independent individual physicians” (Figure 1: step 6).
Designating these physicians and their individual recommendations was meant to serve as

a proxy for a clinician practicing independently in the community without specialty access.
The responses from these three respondents were also included in the CI output. There
were variable numbers of respondents to each case, and we wished to avoid any one case
from contributing more than any other case in comparing independent individual physician
respondents’ recommendations against the Cl output. Accordingly, by capping at three those
included in the “independent individual physician” cohort, we ensured that each case had an
equal contribution to the outcome.

Participant Characteristics—We collected respondents’ level of training, location, and
specialty based on self-reported information provided when individuals registered on the
Human Dx platform.

Primary outcome—Our primary outcome was the appropriateness of recommended
diagnostic next steps, based on agreement with specialist-consensus recommendations. We
report this outcome separately for: (a) the CI output, and (b) the first three individual
physician respondents (the independent individual physician cohort), which is consistent
with the approach used in a prior Cl study on the same platform.20 We defined
appropriateness at four different levels (from most to least appropriate):

a. Strict appropriateness: all specialist-consensus recommendations, regardless
of the number of recommendations, appear at the top of the ranked list
from the CI output or an individual. (If there were five specialist-consensus
recommendations, the top five recommendations in the CI output or provided by
an individual were the five specialist-consensus recommendations.)

b. Moderate appropriateness: did not meet strict level criteria but all the specialist-
consensus recommendations were ranked highly within the CI output or the

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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individual’s recommendations. Specifically, if there were X number of specialist-
consensus recommendations, all of them appeared within the top 10 or the

top 3 * X'number of recommendations (whichever was lower). We used

two measurement criteria because the number of recommendations varied

across cases from one to six. If a case had only two specialist-consensus
recommendations, then both recommendations would need to appear in the top
six Cl output’s recommendations or an individual’s recommendations (3 * 2).
Alternatively, if a case had five recommendations, we looked only at the top ten,
rather than the top 15 (3 * 5) recommendations.

C. Lenient appropriateness: at least one but not all specialist-consensus
recommendations appeared within the top 10 or top 3 * X' recommendations
from the CI output or an individual.

d. Not appropriate: none of the specialist-consensus recommendations appeared
within the top 10 or 3 * X'recommendations from the Cl output or an individual.

Secondary outcome—The secondary outcome was the potential harm of
recommendations. We assessed the potential for meaningful harm based on a scale
previously employed to classify the harm of errors.”-2° For each recommendation, we used
a binary outcome that focused on potential for at least moderate meaningful harm, which
included: initiation or cessation of medications without indication or with contraindications;
invasive testing; exposure to unnecessary radiation beyond a plain radiograph; and any
other actions determined by two physician investigators (ECK, SSN) to have potential to
result in at least moderate harm. We only assessed harm for recommendations that were

not specialist-consultant recommendations. For both the CI output recommendations and the
independent individual physician cohort recommendations, we report recommendations that
were identified as having potential for at least moderate harm that appeared among the top
10 or top 3* X'recommendations (whichever was lower, as per the primary outcome).

Two investigators (ECK, SSN) independently assessed the primary and secondary outcomes,
and manually eliminated duplicate recommendations (e.g., a list of eight recommendations
with one set of duplicates [“EKG” and “ECG” each appeared] would be treated as a list

of seven recommendations), then reached agreement on appropriateness or harm of all
recommendations in all cases. We used descriptive statistics to report characteristics of
respondents and all outcomes. We used chi-squared testing to determine differences in the
appropriateness and harm of the CI output versus the individual physician cohort. For the CI
output, we report both outcomes at a case level (out of 35 total cases). For the independent
individual physician cohort, we report the outcomes at the individual level; therefore, the
overall assessment of individual physicians is out of 105 physicians (35 cases * 3 physician
respondents per case). Our funding source had no role in this study.

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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Respondent characteristics

A total of 177 physicians responded to the 35 cases (12 endocrinology, 13 gynecology,10
neurology) on Human Dx. A median of 7 physicians (interquartile range [IQR]: 5-10)
responded to each case. Table 1 shows characteristics of respondents.

Appropriateness

Harm

As shown in figure 2 and detailed in Appendix 5, when combining all levels of
appropriateness, the CI output performed better than the independent individual physicians,
respectively, in each specialty and overall: endocrinology (7/12) 58% versus (12/36) 33%,
gynecology (10/13) 77% versus (18/39) 46%, neurology (7/10) 70% versus (17/30) 57%,
and overall (24/35) 69% versus (47/105) 45%. These differences in appropriateness were
statistically different for the cases overall (69% vs 45%, X2 = 5.95, p=0.015) but not within
any specialty.

Figure 2 displays the level of appropriateness (strict, moderate, or lenient) of the CI output
recommendations compared with the independent individual physicians. (Data also shown
in Appendix 5.) Unlike the results for any level of appropriateness, the Cl output did

not consistently perform better than individual physicians when considering only strict
appropriateness. Cl achieved strict appropriateness for seven cases (20%) overall and

for none of the endocrinology cases. In contrast, individual physicians achieved strict
appropriateness in 22% of cases overall and at least one of three individual physicians
achieved strict appropriateness in each of the three specialties. Among all cases, strict
appropriateness was the most common level of appropriateness that individuals achieved
(22%) vs moderate (9%) or lenient (14%) appropriateness, whereas the Cl achieved higher
rates of moderate (23%) and lenient (26%) appropriateness. Some individual physicians
achieved strict appropriateness in cases where the CI did not. Specifically, three physicians
provided strictly appropriate recommendations for an endocrinology case while the CI did
not provide strictly appropriate recommendations for any endocrinology cases.

When evaluating the top 10 or top 3* X recommendations, one or more recommendations
from the CI output for 19 (54%) of the cases (6 endocrinology, 7 gynecology, and 6
neurology; or 54%) had potential for meaningful harm (Table 2). In most cases, one or fewer
recommendations in the CI output had potential for harm: endocrinology (median 0.5, IQR
0-2); gynecology (median 1, IQR 0-1); neurology (median 1, IQR 0-2).

Among the individual independent physician cohort, 41% of 105 respondents (43 total: 13
endocrinology; 16 gynecology; 14 neurology) also submitted at least one recommendation
with potential for meaningful harm. Of the 105 individuals, the majority provided
recommendations with no potential for moderate harm (median 0, IQR 0-1). There were
no differences in the number of harmful recommendations recommended by the individual
physician cohort when comparing specialties (median 0, IQR 0-1 for all three specialties).
These recommendations with potential for harm suggested by 43 individual physicians

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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were distributed across 80% of the cases (n=28; 8 endocrinology, 11 gynecology, and 9
neurology).

The potential for harm was not statistically significantly different when comparing the ClI
output in the 35 cases to the recommendations submitted by the 105 physicians in the
independent individual physician cohort: 54% (19/35) vs 41% (41/105, X2 = 2.49, p=0.11).
DISCUSSION
Key Findings

In this study, we assessed the performance of the collective intelligence of multiple
physicians versus individual physicians in providing appropriate diagnostic steps for a

plan of care across three specialties. Although the Cl recommendations matched the gold
standard specialist recommendations more frequently than most independent individual
physicians, the Cl recommendations only aligned with specialist recommendations ~70% of
the time. Moreover, at least one of the recommendations advised by the CI had potential for
at least moderate harm in approximately half of the cases.

Performance of the collective intelligence in literature

Our findings are consistent with prior studies demonstrating that Cl outperforms individual
physicians in diagnostic accuracy6:17:19.20 and at a rate of a ~30% improvement in
accuracy.1920 However, our study expands the literature in an important way. By focusing
on actual cases for which a clinician consulted specialists for advice, we provide evidence
that CI provides value early in the diagnostic process (such as during the information
gathering stage) prior to reaching a definitive final diagnosis. Feedback may be particularly
important during these earlier steps in the diagnostic process.24:39 Specifically, the ClI
recommendations suggest paths forward in the diagnostic process that may not be explored
by a clinician practicing independently. These findings also suggest that Cl tools may be
beneficial in more complex clinical scenarios, beyond straightforward cases with a known
diagnosis.

Despite the potential benefits of a Cl tool for these types of e-consult cases, we found that
there were instances when individual physicians performed better than the collective. Prior
studies have had conflicting results as to whether the Cl is better than the best individual
physician with comparable training® or just better than the average physician with
comparable training.1920 Absent a methodology to reliably predict if a specific individual is
going to perform better than the Cl, clinicians may rely on their own perceptions for when
to ignore the wisdom of the crowd. Studies have shown that clinicians are overconfident in
their diagnostic ability; in particular, clinicians do a poor job of calibrating their diagnostic
accuracy in cases with high uncertainty.31:32 Since cases referred to a specialist are more
likely to have higher diagnostic uncertainty, clinicians’ overconfidence in these situations
may pose a barrier to adoption of CI tools.

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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Potential harm of the collective intelligence

Although our findings support the potential for CI to improve the diagnostic work-up

in cases when clinicians may request advice from a specialist, we did find potential for
harm in over half of cases. However, there was a wide range in the type of harm: from
inappropriate initiation of prescription medications, to radiation exposure from unnecessary
imaging, to invasive diagnostic testing. The harm of an invasive diagnostic test (e.g.,
diagnostic laparoscopy) is higher than initiating an inappropriate prescription medication
(e.g., gabapentin). Our prior studies suggest that clinicians would not blindly follow

all recommendations of the CI output.33 In particular, we previously identified trust in

the source of the recommendation as an important consideration that factored into how
clinicians would behave after receiving information from a clinical decision support tool.33

It is important to also note that even if a collective intelligence recommendation seems
relatively benign (additional unnecessary laboratory test), studies increasingly show that
overtesting is not only wasteful but can result in patient harm.34-37 Thus, while collective
intelligence helps address some of the most common causes of diagnostic errors, such as
failure in hypothesis generation or failure to order a necessary test,238:39 this must be
weighed against the harm of pursuing unnecessary tests. Of note, potential harm was also
present in nearly half of individuals’ recommendations as well, suggesting that the potential
harm of CI recommendations may be similar to harm from an inappropriate/inaccurate
individual physician care recommendation. Although there was no statistically significant
difference in harm between the CI output and independent individual physicians, this issue
warrants further exploration in a larger study.

Study limitations

Our study has several important limitations. We used a single CI platform and algorithm.
However, prior studies comparing different algorithms used to generate a Cl output

have demonstrated that algorithmic differences have limited impact on the benefit of CI

and that the results of CI collected from one platform are likely generalizable.16:19.20

The users of Human Dx may not be representative of all physicians, but by removing
medical students and international practitioners from our analysis it is more likely these
findings are generalizable to practicing primary care clinicians in the US. We collected

our real-world patient cases from a single healthcare system and prioritized cases where
specialists provided a clear recommendation. This may result in a selection of less

complex cases and skew specialist-consensus recommendations to be compatible with local
practice patterns, but by requiring that two specialists agreed on a recommendation, we
increased the likelihood that recommendations would be considered appropriate in multiple
settings. Nonetheless, use of specialist-consensus recommendations as the gold standard
has its limitations, since among specialists there will also be disagreement. Despite these
limitations, our study adds to the literature by demonstrating the potential for CI to assist
primary care clinicians in identifying appropriate evaluative steps during the diagnostic
process, not just for determination of a diagnosis.

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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The path forward

Our findings suggest several areas for further exploration. For clinicians without adequate
or timely access to specialty advice, these findings suggest that access to the collective
intelligence of multiple clinicians can provide useful recommendations to advance the
diagnostic process. This is consistent with prior recommendations that feedback improves
diagnosis.12440.41 Although the collective intelligence tools currently available do not
replace the need for timely access to specialty care, they may help improve the diagnostic
process in settings with inadequate specialty access.

Given the high rate of inappropriate recommendations, clinicians must be judicious in their
acceptance of recommendations. For ClI tools, providing users with “quality assurance” data
on those providing feedback (e.g., information about expertise, clinical training) is crucial
to their acceptance of recommendations.33 Developers and users of collective intelligence
tools should collaboratively explore how to increase the benefits of CI tools (e.g.,

ensuring necessary diagnostic tests are ordered, expanding the differential diagnosis) while
mitigating or providing transparency on how to evaluate the risks from potentially harmful
recommendations. Methodologies to help differentiate high quality recommendations from
inappropriate recommendations and more highly skilled from less expert contributors may
increase the value and uptake of CI tools in actual clinical practice. This is particularly true
when considering the growth and improvement in other clinical decision support tools.2

This work also provides a pathway toward operationalizing provision of feedback to
clinicians. Feedback has been identified as a necessary step to increase diagnostic
calibration, a concept that describes when clinicians’ confidence in their diagnostic decision
making aligns with their actual diagnostic accuracy. Well-calibrated clinicians are better
able to identify the correct balance between undertesting (failing to explore a broad enough
array of potential diagnoses) and overtesting (exposing patients to the costs and harm of
unnecessary tests). 30:32:40.41.43 Tqols like the one tested in this study provide an approach
for clinicians to acquire real-time feedback on their clinical decision making, which

may help facilitate diagnostic improvement. Adoption could be incentivized by providing
Continuous Medical Education credits for using these feedback tools.

CONCLUSIONS

The collective intelligence of multiple physicians provides more appropriate
recommendations than individual physicians when using board-certified specialist
recommendations as a gold standard for next steps in the diagnostic process. This suggests
that a Cl tool may provide useful evaluation recommendations even before a specialist
weighs in, thereby improving timely and accurate diagnoses in settings where access to
specialty care might be nonexistent, sparse, or delayed. Recommendations provided by a Cl
tool should not be blindly followed, as some have potential for meaningful harm. Moreover,
clinicians should be wary of higher-risk diagnostic tests/therapies suggested by the collective
intelligence. Future work is needed to explore how best to leverage CI (and digital tools to
facilitate collaboration) to address gaps in the diagnostic process without exposing patients
to additional unnecessary harm. There is also promise in evaluating the use of CI tools to
facilitate more timely feedback to clinicians on their medical decision making.

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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APPENDIX 1.: Example case

CASE SUMMARY

33yo with amenorrhea for several years. Please provide
guidance on next steps for evaluation and treatment.

PRESENTATION
Age: 33 Year
Sex: Female

Care Setting: Clinic

CASE
Symptom
Amenorrhea
Dretail: For several yoars

Medical History
4 mm pituitary microadenoma, stable x & months

Medical Hiszory
History of weight loss surgery at age 19

Medical History
History of substance use {methamphetamine), now in
recovery

Diagnasiic
Pelvic ultrasound (2004)

Deetail: IMPRESSION: 1. Normal uterus and ovaries.

sac cystic mass likely representing a par
versus hydrosalpine

Detwail: Acquired fer pelvic pain

nt declined intervention at that sime for

: LH/FSH/TSH/T4

APPENDIX 2.: Collective intelligence rule

Collective Intelligence Rule

Physician Differential Diagnoses
A PE (111)  Pneumonia (1/2)
B Pneumonia (111)  COPD (12 PE  (113)
C PE (111)  Pneumonia (1/2) COPD (1/3)
Collective  PE Pneumonia COPD
(1+1/3+1) (1/2+1+1/2) (1/2+1/3)

Group size

Med Decis Making. Author
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The collective intelligence is calculated using a weighted formula that considers both the
frequency that a specific diagnosis appears on each respondent’s list but also where that
diagnosis appears on that list. As shown in the example above, pulmonary embolus (PE) is
listed as the most likely diagnosis in the collective because it not only appears on all three
clinicians’ lists, but also overall in the highest position (#1 for physician A and C; #3 for
physician B).

APPENDIX 3.: Sample Collective intelligence output

33yo with amanorrhea for several years, Please provide guidance on next steps for
avaluation and treatment,

COUECTIVE DIFFERENTIAL RATIONALES COLLECTIVE PLAN

APPENDIX 4: One-line summaries of included cases with specialist-

consensus recommendations for each case

Endocrinology (12)

A 62F many medical problems w recently discovered hypokalemia and adrenal
adenoma. Please advise on next steps to determine if patient is adrenalectomy

candidate
. Plasma metanephrine
. Dexamethasone suppression
. Renin level in AM
. Aldosterone level in AM

B. 62M HTN, HLD, asthma w persistent hypercalcemia. Please provide advice on
further evaluation

. Acquire vitamin 1-25 level

C. 63M HCV/EtOH cirrhosis c¢/b HCC with hypoglycemia on routine outpatient
labs. Please advise on next steps

. Serum fasting glucose
D. 59 F w elevated alk phos x 15 years. Please assist with work-up.
. Vitamin D level

E. 51F w incidental adrenal adenoma. Please assist with work-up

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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Gynecology (13)
A

Page 14

. Plasma metanephrine
. Dexamethasone suppression

39M with headache and low TSH & low FT4. Please assist with next evaluation
steps.

. Prolactin

65F primary hyperparathyroidism and thyroid nodule with osteopenia. Please
provide advice on next steps

. Sestamibi scan

21F ovarian cysts, irregular menses, elevated DHEA-S. Please advise on next
steps

. 17-hydroxyprogesterone level

47M with recent complaint of erectile dysfunction with no ejaculation x 6mo

. AM testosterone
. Prolactin
. LH

49M DM with incidental buffalo hump. Please advise on next steps
. Dexamethasone suppression test

67F osteoporosis and recent compression fx with alendronate contraindications.
Please advise on next steps / management / alternative medications.

. Vitamin D level

50M with pituitary macroadenoma. Please advise on appropriate labs to order

. FSH
. Prolactin
. Cortisol

25F GO0, h/o ovarian cystic teratoma s/p right oophorectomy (path with mature
cystic teratoma) reporting chronic dysmenorrhea. Please advise on next steps in
management

. Hormonal treatment
40 yo F with Bartholin cyst. Please advise on next steps
. Sitz bath

25F h/o anovulatory uterine bleeding. Please advise on work-up and
management

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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. Transvaginal ultrasound
. 1UD or cyclic provera

63 Korean F s/p hysterectomy 12 years prior on Estradiol. Advise on if, when,
and/or how to stop HRT.

. Stop HRT or taper off

27 yo G3P1 @ 27+1 w/ new occurrence of 2 small R labial genital warts. Please
advise on next steps.

. TCA or cryotherapy for symptoms

45F w dysuria, hematuria. On CT urogram incidentally found to have adnexal
cystic lesion.

. Pelvic ultrasound

42F obese female w h/o unopposed estrogen and inability to conceive. Please
provide advice on follow-up EMB and prolactin checks

. Daily provera continuously or progestin IUD
37F w/ recurrent BV. Please advise on next steps

. Suppressive therapy with metronidazole gel twice weekly for 4-6
months

52y G2P2 with hx of adenomyosis/menorrhagia now 1yr post menopause with
cervical polyp noted on routine pap. Please advise on next steps.

. Remove polyp

50 y obese F with hypothyroid, HTN, intermittent anemia, h/o irregular & heavy
menses. Please advise on next steps.

. 1UD placement or hormonal management
. Endometrial biopsy

33yo with amenorrhea for several years. Please provide guidance on next steps
for evaluation and treatment.

. Prolactin
. Pelvic ultrasound

40F with abnormal pap. Please provide guidance on timing of repeat pap.
. HPV testing

69 postmenopausal F presenting to new PCP appt w/ c/o intermittent vaginal
bleeding s/p previous evaluation. Please provide guidance on further evaluation.

. Pelvic ultrasound or endometrial biopsy with cervical exam

Med Decis Making. Author manuscript; available in PMC 2022 April 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khoong et al. Page 16

Neurology (10)

A 62M bipolar and seizure disorder p/w recent “syncopal” episodes. Please advise
on next steps before neuro evaluation

. Brain MRI
. EEG
. Dilantin level

B. 40F h/o alcohol use p/w memory complaints x years. Please advise on next
evaluation steps.

. Metabolic panel

. LFT

. HIV

. TSH

. B12

. Refer to neuropsych

C. 62M h/o Billroth | p/w bilateral LE neuropathy. Please provide assistance with
next steps

. Methylmalonic Acid

D. 50M HCYV, opiate dependence p/w worsening bilateral LE peripheral neuropathy.
Please advise on next steps to determine etiology

. Hemoglobin Alc
. TSH
. Serum protein electrophoresis (SPEP)
E. 67F w R hand essential tremor x 2 years, worsening. Please advise on next steps
. Propranolol

F 50M controlled HIV, migraines p/w slurred speech + expressive aphasia a few
weeks prior. Please advise on next step

. Start antiplatelet
. Echocardiogram

G. 26 M w left foot drop. Pls advise on next steps.
. Lumbar MRI

H.  40F w worsening migraines x 8-10 years. Please advise on steps prior to
neurological evaluation.

. Headache diary

Med Decis Making. Author manuscript; available in PMC 2022 April 01.
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1. 53F HTN, PTSD, h/o BPPV w chronic dizziness. Please assist in next steps to
evaluate if dizziness is related to PTSD vs neuro etiology.
. Vestibular physical therapy
J. 63M restless leg symptoms. Please advise on next steps.

. Ropinorole

APPENDIX 5
Appendix 5a:

Appropriateness of Collective Intelligence Recommendations

Level of Appropriateness

Specialty Strict Moderate Lenient None

Endocrinology | 0/12 (0%) | 4712 33%) | 3712 (25%) | 5712 (42%)
Gynecology | 5/13(38%) | 3/13(23%) | 2/13 (15%) | 3/13 (23%)

Neurology 2710 (20%) | 1710 (10%) | 4710 (40%) | 3710 (30%)
Overall 7135(20%) | 8/35(23%) | 9/35(26%) | 11/35 (31%)
Appendix 5b:

Appropriateness of Individual Physicians

Level of Appropriateness

Specialty Strict Moderate Lenient None

Endocrinology | 3/36(8%) | 4/36(11%) | 5/36(14%) | 24/36 (67%)
Gynecology 14/39 (36%) | 2/39 (5%) 2139 (5%) 21/ 39 (54%)
Neurology 6 /30 (20%) 3/30 (10%) 8/30 (27%) 13 /30 (43%)
Overall 23/105 (22%) | 9/105 (9%) | 157105 (14%) | 58 /105 (55%)

When using a binary definition of appropriateness (none vs strict/moderate/lenient), there
was a significant difference between individuals vs collective intelligence recommendations
among all cases (X2 = 5.95, p=0.015) but not for any specialty: endocrine (X2 = 2.35,
p=0.125); gynecology (X2 = 3.71, p=0.054); or neurology (X2 = 0.56, p=0.46).
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Study team identified endocrine, gynecology, and neurology electronic consultation
cases with recommendations from integrated health system specialist (specialist A)
and entered these cases on digital platform (Human Dx)

-

Study team recruited Human Dx user board-certified specialists (specialist B) to
review cases from their respective specialty on digital platform (Human Dx) and
submitted recommendations via digital platform (Human Dx)

-

Study team identified 35 cases with at least one specialist-consensus
recommendation (recommendation agreed upon by both specialists A and B)

-

Human Diagnosis users (physician respondents) respond to cases

-

Study team included in analysis 35 cases (12 endocrine, 13 gynecology, 10
neurology) that have = 3 responses from Human Dx users who are based in the US
and have already attained their medical degree (not including specialist B)

$

Collective intelligence: ranked recommendations developed by considering
responses from all respondent physicians for each of the 35 cases (see appendix 2
for more details)

Independent individual physicians: the first three physician respondents to each
case (a total of 105 physicians: 35 cases x three physicians / case)

FIGURE 1/.
Study workflow

Note: Specialist A was one of two specialists from each specialty that responded to the
integrated health system e-consult. Specialist B was the same clinician for all cases within
their specialty and responded to the case on Human Dx.
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FIGURE 2/.

Appropriateness of recommendations from collective intelligence of multiple physicians vs
individual physicians by specialty and in all cases
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Table 1

Respondent characteristics

User Characteristic

No. (%) (n =177)

Training Level

Attending physician

74 (42%)

Fellow / Resident

103 (58%)

Specialty
Family Medicine 27 (15%)
Internal Medicine 132 (75%)
General 119 (67%)
Subspecialty 13 (7%)
Other 18 (10%)
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Table 2

Collective intelligence recommendations with potential for harm

Case

Recommendations with potential for harm

Endocrinology Case A

Adrenal venous sampling; oral sodium load; surgery

Endocrinology Case C

Computed tomography (CT) of abdomen / pelvis

Endocrinology Case F

Head CT

Endocrinology Case G

Parathyroidectomy; Fine needle aspiration

Endocrinology Case |

Sildenafil; Brain magnetic resonance imaging (MRI)

Endocrinology Case K

Denosumab; Teriparatide injection

Gynecology Case A

Diagnostic laparoscopy

Gynecology Case B

Incision and drainage

Gynecology Case C

Depo-Provera

Gynecology Case H

Biweekly clindamycin; Combined oral contraceptives; oral Flagyl

Gynecology Case |

Biopsy

Gynecology Case J

1V iron infusion

Gynecology Case K

Brain MRI

Neurology Case A

Change antiepileptic; stop phenytoin

Neurology Case D

Nerve conduction studies / electromyography (NCS/EMG); gabapentin

Neurology Case E

Deep brain stimulation

Neurology Case F

Electroencephalogram (EEG)

Neurology Case G

NCS / EMG

Neurology Case H

Triptan; Head CT
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