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Missions longer than 210 days, the Crew Medjcal Officer (CMO) must be a
physician
While, perhaps intuitive, the above statement is not evidence based:

The quantity of days has not been verified

The requisite qualifications of the CMO have not been verified

Photo Credit: NASA Timelin@Photo 12/4/2014
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Figure 1. Levels of evidence
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What makes the best doctor?

All of us know technically gifted proceduralists or surgeons, but are these always the best

persons to make decisions for our loved ones in critical situations?

In multi-dimensional situations, particularly in acute care settings, the complexities of

medical decision making may exceed linear decision making

° So in these situations how can differentiate between a doctor who can make difficult o J.0.0.9<.5.08 ¥
decisions and those who can only follow a recipe? ]\/ PR R
A B QG et Qrlil Al G
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Recently, the American College of Graduate Medical Education (ACGME) has

included medical decision making as a core competency in several specialties. 1,23
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What is Medical Decision Making?

Assessment Diagnosis

Medical decision making describes the ability to build ties
between data obtained from history, physical exam,
imaging results, and laboratory studies in order to

formulate assessments and plans for patients. 4
Management Interpretation
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Good medical decision making leads to improved outcomes for patients whereas poor

medical decision making is associated with morbidity and mortality in patients >

Promoting strong medical judgment skills is a unique challenge in the evaluation of

physician training, particularly as medical education continues to develop 6

Thus, standardized criteria are needed to evaluate medical decision making not only

among medical students but also amongst post—graduate physicians /
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How have we been teaching medical decision making during physician training?

In medical education, there are various levels of pedagogical transitions including
undergraduate medical education (UGME), graduate medical education (GME), and

continuing medical education (CME) where evidenced-based and scientifically-based

knowledge are applied to ensure quality performance and there is a vertical transmission

of knowledge. 8
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How do we assess this transmission of knowledge?

Physician competency has been assessed via standard training checkpoints such as state
licensing requirements, national board exams, CME requirements for specialties, and
board re-certification standards; however, accurately measuring and determining

competency in decision making from these assessments remains a challenge. J

&
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What are we doing to address that challenge?

o Medical education moved to integrating key competencies in medical

0e®
N\

simulation, problem based learning (PBL), and case-based discussions in an
10,11,12.13

attempt {0 measure competency and judgment.
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Medicine lacks a reproducible environment married with a consistent assessment tool that allows

measurement of safe medical decision making, particularly we lack a quantitative assessment of this

challenging topic. 14

To address the needs of the environment the simulation lab has emerged as a reproducible environment

that provides experience and training in unpredictable or rare situations. >
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To develop a Medical Judgment Pathway Metric (MJPM) assessing
clinical judgment based on evidence-based practice for two categories
from the Exploration Medical Conditions List'®:

Further define a role for the MJM as a tool for the analysis of
competency in medical decision making.
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To implement the MJPM in medical simulations across an analog

study population:

An advanced group of medical professionals

An engineering group with very basic medical experience
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Evaluate the medical decision making of physicians in different

stages of practice in acute care simulations utilizing the M|M
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The Medical Judgment Metric (MJM)
° //A R | b . .f d d .o e R R . . I d . ” ’]7
numerical rubric to quantify good decisions in practice in simulated environments
° The individual judgment items, clinical domains, and competency sections of the initial MJM were

created based off:

° Existing framework by Weber er al as well as the NOTECHSscale'® 1920
° ACGME Clinical Competency Committees 2
o The Association of American Medical Colleges conceptual frameworks for clinical judgment. 22
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)
o 4 domains consisting offindings from:
o Health and Physical
® Interpretation
° Diagnostic
A Management
° ltems within each domain were stratified into competency levels: Novice, Intermediate, Proficient,

and Advanced corresponding to a grade of 1-4 for each

o Then each domain is scored on a 0.5 interval scale from 1-4 for a total score of upto 16
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Health & Physical . .

H Level 1 (Novice) Level 2 (intermediate) Level 3 (Proficient) Level 4 (Advanced) Flgu re 1 : H ealth and PhyS":aI
e Does not collect Limited ability to Demonstrates ability Proficient at acquiring Domain of M] M. Grades from
a accurate acquire accurate to acquire accurate accurate histories from . .

historical data historical information and relevant the patients in an efficient each category in the domain are
I in an organized histories from prioritized and scored from 1-4. Then each domainis
t fashion patient hypothesis driven fashion )
h _ _ _ . given an overall score of 1-4 ona 0.5

Does not use Limited thorough Demonstrates ability Proficient at performing : 16

Physical exam to physical exam or to perform accurate accurate physical exams | INte rval scale.
& confirm history misses key physical and appropriately that are targeted to the

exam findings thorough physical patients complaints
exams

P Does not Limited ability to seek Demonstrates ability Proficient at synthesizing

recognize secondary data (e.g. to seek and obtain history and physical exam
h potentially life medical records) data from secondary findings to generate a
Y threatening sources (e.g. medical prioritized differential
s presentations records) when diagnosis and problem
. needed list
' Does not Limited ability to Demonstrates ability Proficient at using history
C recognize recognize patient's to use history and and physical exam
a patients central central clinical exam findings to effectively to minimize the

clinical problem problem or develop define patient's need for further
I limited differential central clinical diagnostic

diagnosis problems

Overall
Score 1 1.5 2 2.5 3 3.5 4
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The initial MJM pilot examined the use of the MJM to grade 40 subjects of four levels of medical
experience/skill

Goal was to establish validity and reliability (amongst metric operators)

Next the metric was explored as a tool to measure the decision making of NASA spaceﬂight chief

medical officers (CMOs) against their non-medically trained technical professional peers (TPs). %

This study examined the decision making of administrative physicians (to represent CMOs) verses technical

professionals (to represent non CMO spaceflight officers) across 4 simulated acute care scenarios

Saw a significant difference between CMO and TP groups in MJM scores
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° Summa Health Institutional Review Board and NASA Johnson Space Center Committee for the

Protection of Human Subjects were responsible for approving the study protocol

° Subjects were recruited across three physician groups to represent various levels of pedagogical

transitions: administrative, mastery level, and resident physicians. (n=10 for each)
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Administrative physicians (AP) are considered the most experienced group but those whose current

duties are Iargely administrative, performing a maximum of eight hours of clinical care per week

mastery level physicians (MP) are attending physicians who have completed postgraduate education

and whose responsibilities are entirely clinical. These physicians were board-certified or board-
eligible in their specialty.

Resident physicians (RP) were selected from those who are in the third or fourth year of their post-

graduate education (PGY) and, thusly, are in their final stages of training.
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° Each group of participants (AP, MP, and RP) performed one practice simulated scenario (acute Deep

Vein Thrombosis) to reduce anxiety and introduce participants to the process.

o Then in random order they were assigned to perform 4 graded scenarios across 2 main chief

complaints: Chest pain and abdominal pain.
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o Abdominal Pain scenarios were:

Biliary Colic (SIM_BC)
Renal Colic (SIM_RC)

° Chest Pain scenarios were:
° cardiac ischemia with ST-segment elevation myocardial infarction (SIM_STEMI)
° tension pneumothorax (SIM_PTX).
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The simulations were carried out in a mature medical
simulation lab in an American College ofSurgeons

verified Level | trauma center in the United States.

° The simulation labs utilized the METI ECS mannequin
simulation technology with HPS6 software (Medical
Education Technologies, Saint-Laurent, Quebec, Canada).
All simulations were audio and video recorded in their

entirety
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° Participants were informed the scenarios would take place in a moderate-sized community hospital
emergency department in the USA
° Participants were informed they had 15 minutes to obtain relevant history, perform physical
examination, order diagnostic testing, medications, and make management decisions including
performing |ife—saving procedure
° Each participant had access to standard medical equipment and a nurse to use the equipment at the

command of the participant.
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O
° The full body METI mannequin was capable of receiving any of the tests and manoeuvres as directed
by the participant whereas verbal and/or visual feedback was provided by Virtual Care Simulation
L ab staff.
° All laboratory values, radiographs, electrocardiographs and ultrasound images were provided

without interpretation beyond reference |ab0ratory values and in a scaled time-delay fashion.
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° Participant heart rates, NASA Task Load Score (NASA_TLX) and total sim time were recorded.
° Medical decision making in each of the scenarios was evaluated using 3 assessments:

° Scenario-specific critical action checklist (similar to that used in previous MJM experiments)
° Categorical determination of patient outcome (loss of function, loss of life, or stabilized )

° Medical Judgement Metric (MJM).
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° Four reviewers were utilized to score participants using the M|M

° Each of the reviewers possessed post—graduate training in either emergency medicine, general
surgery with surgical critical care fellowship training, and/or fellowship training in medical

simulation in addition each was trained in how to use the MJM.

° The raters were blinded to both the subject’s name and cohort.
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Table 1: Demographics
Study Group
PGY level 3 or 4 Board Certified Physician Administrative Physician

Variable/Statistic (n=10) (n=10) (n=10)
Age (Years)

Mean (SD) 28.6(1.43) 42.3(10.83) 59.6(7.78)

Median (IQR) 28.5(27.8-29) 38.5(33.8-55) 61.5(51.8- 66)
Min - Max 27-32 28-57 49-70

Gender - n(%)

N=30 participants (10 Residents, 10 st st st

Male 6 (60%) 6 (60%) 6 (60%)
I 1 Race - n (%)
Attendings,10 Admin)
Asian 1(10%) 0 1(10%)
Asian/White 2(20%) 0 0
Black 0 1(10%) 0

A g e White 7 (70%) 9 (90%) 9 (90%)

Education - n (%)

Doctoral Degree 10 (100%) 10 (100%) 10 (100%)
Specialty - n (%)

Emergency Medicine 4 (40%) 7 (70%) 3(30%)

General Surgery 4 (40%) 1(10%) 0
OB/GYN 2 (20%) 1(10%) 1(10%)

Radiology ] 1(10%) 0
Family Medicine ] 0 1(10%)
Internal and Pediatrics 0 0 1(10%)
Internal Medicine ] 0 1(10%)
Internal Medicine and Infectious Diseases 0 0 1(10%)
OB/Gyn and Preventative ] 0 1(10%)
Pathology ] 0 1(10%)
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NASA TLX total score

LEARN. CARE. COMMUNITY.

Title
MENTAL DEMAND

PHYSICAL DEMAND

TEMPORAL DEMAND

PERFORMANCE

EFFORT

FRUSTRATION LEVEL

Endpoints
Low/High

Low/High

Low/High

good/poor

Low/High

Low/High

Descriptions

How much mental and percepmal activity was required (2.2,
thinking deaiding, calculating, remembenng, looking, searching,
etc.)? Was the ask easy or demanding, simple or complex.
exactiag or forgiving”

How much physical acuvity was required (¢.g., pushing. pulling,
tuming. controlling, activating. etc)” Was the task easy or
demandmg. slow or brsk slack or strenuous. restful or
laborious?

How much tume pressure did you feel due to the rate or pace at
which the tasks or task elements occurred? Was the pace slow
and lessurely or rapid and frantic?

How successful do you think you were m accomplishung the
goals of the task set by the experimenter (or vourself)? How
satisfied were vou with your performance m accomplishing these
goals?

How hard did you have to work (mentally and physically) to
accomplish your level of performance?

How msecure discouraged, imitated, stressed and amnoyed
versus secure, gratified, content, relaxed and complacent did you
fezl during the task?
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Columnl Column2 Column3 Columna Columns
Table 2: Physiological Stress Metrics
Study Group

PGY level 3or 4 Board Certified Physician Administrative Physician Between Groups
Simulation Number/Metric/Statistic (n=10) (n=10) (n=10) P-value
Between Group Effect
NASA TXL Score 0161
Resting Heart Rate 0907
Maximum Heart Rate 0283
Total Sim Time 0204
1
NASA TXL Score Mean (SD) 43.7(16.93) 37.6(13.91) 54.4(21.59)
Resting Heart Rate Mean (SD) 77.5(7.86) 76.0(14.78) 753 (13.73)
Maximum Heart Rate Mean (SD) 99.4(12.79) 883 (14.48) 93.2(15.50)
Total Sim Time Mean (SD) 6.2(1.58) 8.7(2.46) 103(2.78) 0002
2
NASA TXL Score Mean (SD) 53.6(25.76) 38.3(20.23) 522(31.11)
Resting Heart Rate Mean (SD) 77.9(8.05) 76.5(9.85) 77.1(12.09)
Maximum Heart Rate Mean (SD) 95.7(9.26) 87.2(14.49) 90.1(15.39)
Total Sim Time Mean (SD) 86(2.78) 7.6(1.94) 9.2(2.65) 0339
3
NASA TXL Score Mean (SD) 47.2(25.71) 43.2(2557) 54.3(26.04)
Resting Heart Rate Mean (SD) 77.9(9.97) 741 (11.13) 762 (12.40)
Maximum Heart Rate Mean (SD) 94.6(12.42) 87.2(11.78) 90.4(15.41)
Total Sim Time Mean (SD) 7.9(2.93) 7.9 (1.40) 8.0(2.97) 0994
4
NASA TXL Score Mean (SD) 42.1(19.43) 28.6 (11.44) 50.5 (30.04)
Resting Heart Rate Mean (SD) 75.3(9.29) 73.6(13.10) 753 (13.01)
Maximum Heart Rate Mean (SD) 93.8(8.09) 843 (13.98) 87.9(13.54)
Total Sim Time Mean (SD) 7.3(213) 7.2(1.74) 8.0(2.36) 0.626

P-values from between group factor of repeated measures ANOVA.
Note: For total sim time a significant (p=0.033) time*group interaction term was present; hence the between group comparisons at each time period.

P-value for total sim time from single factor ANOVA with post-hoc Tukey HSD test. PGY 3 or 4 differed significantly at sim 1 from administrative group.
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Columnl Column2 Column3 Column4 Columns
Table 3: Analysis of MJPM Scores

Study Group
PGY level 3or4 Board Certified Physician Administrative Physician
Simulation/Statistic (n=10) (n=10) (n=10) P-value
Renal Colic 0.010
Mean (SD) 14.7 (1.15) 14.7 (1.48) 12.3(2.66)
Median (IQR) 14.8(14.2-15.7) 15.4(13.5-15.7) 12.4(10.6 - 14.5)
Min - Max 12.2-15.8 12-16 8.2-16
Biliary Colic 0.269
Mean (SD) 14.5(1.16) 14.2(2.68) 13.0(2.25)
Median (IQR) 14.8(13.5- 15.2) 15.5(12.6- 15.9) 13.1(11.5- 14.9)
Min - Max 12.5-16 7.7-16 8.8-16
STEMI 0.175
Mean (SD) 14.2(1.93) 14.1(2.71) 12.1(3.33)
Median (IQR) 14.6(12.7 - 16) 15.7(10.5 - 16) 11.8(9.5- 15.4)
Min - Max 11-16 9.5-16 7-16
TP 0.336
Mean (SD) 14.4(1.75) 14.8(1.12) 13.5(2.53)
Median (IQR) 15.3(13.2- 15.9) 14.8(14- 15.8) 14.3(11.5-15.7)
Min - Max 11-16 12.7-16 9-15.8

P-values from single factor ANOVA F test with post hoc Tukey HSD test.
For the renal colic simulation the administrative study group was statistically distinct (p<0.001) in their MIPM scores relative to the

other two study groups which were statistically indistinguishable.
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Table 4: Analysis of Outcomes

Simulation/Outcome

Renal Colic

Biliary Colic

STEMI

™

Loss of Function
Loss of Life

Stabilized

Loss of Function
Loss of Life
Stabilized

Loss of Function
Loss of Life
Stabilized

Loss of Function
Loss of Life
Stabilized

P-values from Fisher's exact tests with post-hoc Bonferroni adjusted z tests.

Bolded cells indicate cells with significant Bonferroni adjusted z tests.

LEARN. CARE. COMMUNITY.

Column2

Study Group
PGY level 3 or 4
(n=10)

0
0
10 (100%)

2 (20%)
0
8(80%)

1(10%)
4 (40%)
5 (50%)

0
2 (20%)
8(80%)

Column3

Board Certified Physician
(n=10)

1(10%)
0
9(90%)

1(10%)
1(10%)
8 (80%)

0
3 (30%)
7 (70%)

1(10%)
1(10%)
8 (80%)

Column4

Administrative Physician

(n=10)

3(30%)
2(20%)
5 (50%)

3(30%)
2 (20%)
5(50%)

2 (20%)
4 (40%)
4 (40%)

2 (20%)
1(10%)
7 (70%)

Column5

P-value

0.040

0.457

0.610

0.877
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Analysis of the results indicate that significant differences in clinical
judgment via simulated patient outcomes exist between physician
groups whose responsibilities remain Iargely clinical as attending

physicians versus those physicians that take on Iargely administrative
duties, but not for all scenarios tested.
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Pilot study
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s the MJM generalizeable?

Future work will need to focus on the use of the MJM to assess competencies
amongst a larger cohort of peers, particularly within the same level of training
and specialty, before its utility can begin to be examined outside of the

simulation lab.
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