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I. Executive Summary 
The Exploration Medical Capability (ExMC) Element of the NASA Human Research Program was 
requested by the NASA Autonomous Mission Operations (AMO) team in December 2011 to provide 
medical scenarios as part of the AMO Test to evaluate autonomous operations for exploration class 
spaceflight missions.  The ExMC then coordinated the development, integration, and execution of 
medical scenarios for the AMO team’s two-phased test with Phase 1 being a baseline data collection 
and Phase 2 being a data collection using tools to mitigate deficiencies captured during Phase 1.  
This report details the development, integration, execution, results, and conclusions from the 
ExMC’s preliminary evaluation of the autonomous management of medical events during an 
exploration class mission. 

   

II. Introduction 
The primary objective of the AMO Test was to discern how astronauts will autonomously execute 
their mission tasks in the very limited presence of ground-based resources as part of an exploration 
class mission.  This included the execution of medical procedures by minimally-trained caregivers 
with very limited remote guidance from a ground-based flight surgeon.  With that, the ExMC’s 
specific aims for the AMO test were as follows:  
A. To discern the level of ground assistance (remote guidance) necessary, if any, when using 

minimally-trained caregivers to assess and treat a patient during an extensive communication 
time delay. 

B. To determine whether non-physicians can autonomously assess and treat a patient with 
minimal training. 

C. To determine whether non-sonographers can efficiently collect useful ultrasound imagery with 
minimal training and remote guidance. 

D. To determine whether the available similar-to-current International Space Station (ISS) 
resources are sufficient for assessing and treating these exploration-relevant medical conditions. 

E. To determine whether written procedures with imagery are sufficient to guide autonomous 
non-physicians to efficiently and effectively assess and treat a patient. 

 

III. Methods 
A. Test Subjects  

The protocols described in this report were reviewed and approved by the NASA Johnson Space 
Center’s (JSC) Institutional Review Board.   

 
B. Scenarios 

The AMO Test team required that the scenarios 1) included medical conditions that presented 
similar symptoms but led to different diagnoses, and 2) lasted 1.5 to 1.75 hours.  The ExMC 
selected urinary retention and renal stone formation as the two scenarios they would use as 
medical conditions for Phase 1 (Baseline) data collection and Phase 2 (Mitigation) data 
collection, respectively.  Both medical conditions presented similar symptoms with the primary 
symptom being abdominal pain.   

 
C. Protocol 

The data were collected during a 2-hour simulation exercise with a crew of 4 within the 
Habitation Development Unit (HDU).  The crew consisted of 3 astronaut analogs and 1 
experienced astronaut.  One of the three astronaut analogs was assigned as the Crew Medical 
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Officer (CMO).  The CMO participated in a very brief medical training session approximately 10 
to 14 days before their scenario was conducted. 
 
Each crew participated in a 2-hour simulation exercise with a specific communication delay of 
either 50 seconds or 300 seconds (5 minutes).  The communication delay was the same for each 
crew during each phase of the test.  For example, if Crew A had a 50-second communication 
delay during Phase 1 of the AMO Test, then that crew would have the same time delay during 
Phase 2 of the AMO Test. 
 
Data collection started at a designated point in the simulation timeline.  The ExMC’s scenario 
moderator (moderator) identified a crewmember to act as the ill astronaut and subsequently 
had that person act out the symptoms of the medical condition to the CMO.  The CMO then 
would use their procedure display system (iPad), communication capability (voice or text), and 
any other resources at their disposal to mitigate the medical issue.  During the initial sequence 
of the scenario, the moderator provided the ill crewmember with the information needed for 
any questions asked by the CMO (e.g., answers to examination questions and vital sign data).  At 
a certain point, the moderator took over the role of the ill astronaut with that crewmember no 
longer participating in the scenario.  This was done to keep the scenario relatively consistent 
between crews and help with comparisons between sessions. 
 
The communication profile for the experiment limited real-time remote guidance in regards to 
effective medical care and proper ultrasound image collection from ground-based subject 
matter experts for the CMOs.  As a result, communication between the CMO and the flight 
surgeon analog (surgeon) in the Mission Control Center (MCC) was limited to voice messages 
and text messages.  Video data were transmitted to the MCC and observed by the surgeon with 
support provided by a JSC certified biomedical engineer flight controller (BME). 
 
The CMO continued the scenario until the moderator stopped the session.  Once the session 
was complete, the CMO completed a questionnaire compiled by the ExMC team.  
 

D. Equipment 
The scenarios were conducted at the Medical Operations Work Station (MOWS) within the HDU 
at JSC.  The MOWS consisted of 1) a table top for conducting experiments and other life science 
activities, 2) a drawer system (located above the table top) for storage of resources, and 3) an 
examination table (located under the table top) that could be deployed when needed (Figure 1).  
The examination table consisted of a rotating utility shelf that could be deployed on either side 
of the table and be used as placement for items and equipment. 
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Figure 1: The MOWS with the examination 

table deployed. 

 
A Philips CX-50 Ultrasound device was used as the anatomical image collection tool for the 
scenarios conducted at the MOWS (Figure 2). 
 

 
Figure 2: Deployment of the MOWS examination table and 

utility shelf.  The CX-50 ultrasound device can be seen on the 
utility shelf.  

 
The mitigation tool that was used to help the crew during Phase 2 (Mitigation Phase) of the 
AMO Study was the Advanced Diagnostic Ultrasound System (ADUS).  The ADUS is a just-in-time 
training tool that can rapidly show the user how to position the ultrasound probe over the body 
to achieve the correct ultrasound view.  The ADUS acts as a guide for ultrasound users that lack 
expertise in ultrasound image collection and have limited or no real-time support from an 
expert.  The ADUS format is a digital information resource of “how to perform” hand positioning 
and patient positioning.  In addition, image examples are provided in a layout that is convenient 
for both novice and experienced sonographers.  The intuitive nature of the guide is an evolution 
and enhancement in remote guidance and aids in autonomous performance of the standardized 
examinations. 
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E. Procedures 
The medical procedures used for the AMO Test were based upon the certified procedures used 
aboard the ISS.  Adjustments were made to accommodate the resources available and the 
environment in which they were being used.  All procedures were accessed using iPads; 
however, the format for how the procedures were displayed differed between each phase of 
the study.  For Phase 1, procedures were electronic images of paper procedure while Phase 2 
displayed procedures in “Web PD” format, which has a feature where the CMO can indicate 
when each task of a procedure is started and completed.  These indications are automatically 
sent to ground controllers without any assistance from the CMO and remaining crew.  Lastly, 
procedure selection was executed by the CMO.  If needed, ground controllers confirmed to the 
CMO that the proper procedure was selected for that medical condition. 
 
Ten procedures were generated for the study; however, the following procedures were the only 
ones that could be executed by the CMO during either phase of the AMO Test.  
1. Examination-Abdominal Pain 
2. Vital Signs 
3. Ultrasound Configuration 
4. Ultrasound-Bladder Images 
5. Ultrasound-Kidney Images 
6. Ultrasound-Gallbladder Images 
 

F. Questionnaires 
The CMOs were given questionnaires to assess whether they liked the content and preciseness 
of the procedures for all scenarios conducted.  In addition, levels of frustration for 
understanding the procedures, their ease of use, and whether their formats were intuitive were 
also assessed.  The CMOs provided answers to statements based on the following sliding scale:  
1-Completely Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Completely Agree, and 6-Not 
Applicable.  All answers were averaged (n=6 to 8, depending on the number of responses 
collected for each procedure). 
 

G. Audio/Video Configuration 
The HDU was configured so audio and video data could be collected for retrospective analysis.  
The audio data consisted of verbal communication among the following two groups: 
1. CMO and the ill crewmember 
2. CMO and the remote guider (surgeon/sonographer) in the MCC 
 
The video recorders were configured to capture images of the CMO working at the MOWS, 
especially during the CMO’s capture of ultrasound images from the ill crewmember (Figure 3). 
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Figure 3: A video image view within the HDU.  The CMO 
captures ultrasound images from the ill crewmember. 

 
H. Training 

1. Biomedical Engineer Flight Controllers 
Approximately one week before the start of Phase 1, the BMEs received a brief 
familiarization session of the ultrasound system.  The familiarization followed the written 
“Ultrasound Configuration” procedure and was conducted in the HDU.  By following the 
procedure, each BME demonstrated their knowledge of ultrasound system deployment, 
powering-up the system, initial configuration of the system with the imaging probe, 
powering-down the system and re-stowage.  The BMEs were not given organ-specific 
scanning instruction; however, they did receive examples of how the ultrasound system 
displays cross-sectional areas of body organs and how moving the probe (pan, tilt, rotate, 
and translate) changes the cross-section displayed. Great feedback from the BMEs during 
this session enabled the investigators to fine tune the procedure in preparation for CMO 
training. 
 

2. Crew Medical Officers 
The CMOs received two training sessions with each one being approximately 10 to 14 days 
before their actual AMO Test session.  
 
The objective of the first CMO training session was to provide the CMOs with the experience 
of holding an ultrasound probe and comprehending the result of moving the probe over the 
body to obtain a correct cross-sectional ultrasound image of the anatomy.  The session 
began with all CMOs receiving an ultrasound configuration-familiarization session similar to 
that received by the BMEs.  This group was then introduced to the concepts of scanning 
with ultrasound, how to use the ultrasound unit (record, save images and video), and move 
the probe (pan, tilt, rotate, and translate/slide) over the body to see the cross-sections of 
several body organs.  This was followed by each CMO operating the ultrasound system as 
they practiced image scanning and collection on a human volunteer.  This included each 
CMO being briefed on the anatomic locations for the bladder, right and left kidneys, and 
gallbladder. 
 
The objective of the second training session before the start of Phase 2 was to introduce the 
CMO team to all the applicable components of the ADUS.  No changes were made to the 
medical procedures from the previous phase and no additional hands-on practice or 
familiarization with ultrasound was given; however, it was emphasized that the CMOs could 
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access ADUS on the MOWS laptop computer and use it as a supplemental tool to help with 
ultrasound image collection.  They were shown the subsections within the ADUS that 
contained video instruction and reference images pertaining to the bladder, kidneys, and 
gallbladder.  The crew was given a CD copy of ADUS after the session for review before their 
test.   

 
I. Evaluation of the Ultrasound Image 

The measure of a successful ultrasound image must consider whether the areas of interest or 
the intended organ are identifiable.  A novel yet measurable scale was used to evaluate the 
quality of the images collected by the CMOs during the AMO Test.  An Ultrasound Organ Scale 
(UOS) of 0 to 3 was assigned to represent the quality of the ultrasound images collected.  The 
scale was established based on the percentage of organ seen as determined by a certified 
sonographer.  The scale was assigned based strictly on the images that were stored to the hard 
drive of the ultrasound unit and not based on any experiment notes or anecdotal recollection 
from the experiment.   
 
The UOS scoring system worked as follows: 
 

0 = ultrasound of the organ was not stored 
1 = < 50% of the organ can be identified from the stored images 
2 = 50% to 75% of the organ can be identified from the stored images 
3 = 100% of the organ can be identified from the stored images  

 
UOS score maximums  
Bladder:   The maximum score for the two required views is 6. 
Right and left Kidney: The maximum score for all four required views is 12. 
Gallbladder:  The maximum score for the two required views is 6. 
 
Total maximum individual score per CMO = 24 
 
Normalized UOS across all of the data for the entire group (24 x 4) yields a 
UOS maximum=98 

 
J. Additional Crew Medical Officer Scoring as Assigned by the Certified Sonographer 

1. Use/acquisition of color imaging 
The CMOs were given verbal instructions outside of the written protocols.  For example, 
CMOs were given remote guidance instruction to identify urine jets in the bladder and 
blood-flow targets in the kidneys with color-flow Doppler.  Using color-flow Doppler to 
monitor flow and direction wherever appropriate points to the CMO’s ability to document 
renal hemodynamics. In the case of the bladder scan, the CMO documents the presence of 
unobstructed urine flow.  If the CMO attempted color at each possible location for each 
organ, then the maximum score would be six (6).  The score for this section is reported as a 
number in relation to the maximum score of 6 (e.g., 4 out of 6, 5 out of 6, etc.) 

 
2. Characteristics of the specific type of stored images 

The ability to document the image by using the multiple frame or cinema-loop (cine-loop) 
feature followed by scroll selecting the appropriate frame versus storing a still or frozen 
image without review was evaluated.  This was assessed by a certified sonographer to 
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capture the CMO’s understanding of correctly documenting the organs using ultrasound.  
The score in this area was reported as a percentage of the total protocol. 

 
3. Organ dimensions 

Caliper measurements of the bladder and kidneys were requested by the remote guider 
during Phase 1.  Additionally, these measurements were described in each procedure.  For 
Phase 2, the investigator team omitted the measurement step, regardless of protocol, to 
increase the likelihood of the CMO scanning more body organs.  The score in this area is 
reported as a percentage of the total protocol. 

 

IV. Results 
A. Crew 

The crew portion of the results provided information relating to each scenario and how the 
CMO addressed (mitigated) the concern.  The information consisted of an overview of how the 
CMOs executed the scenario and, where needed, indicated: 

 How a CMO used a different strategy or information for diagnosing the medical issue. 

 How communication with ground support and/or the other crew effected the CMO’s 
execution of the tasks. 

 Where the CMO used different configurations for the equipment and/or the MOWS. 
 
Each CMO began his/her mitigation of the crewmember’s medical issue by using a similar 
approach.  They first asked about the primary complaint of the ill crewmember followed by 
asking whether they were able to execute their tasks in spite of the illness.  Once the questions 
were answered, the CMOs then differed on what was done next.  They did either of the 
following: 

 Began searching for an appropriate medical procedure that would address the issue 
followed by informing the Crew Commander (CDR) and discussing the impacts. 

OR 

 Informed the CDR about the issue and discussed the impacts followed by searching for the 
appropriate medical procedure. 

 
Once these steps were complete, the CMO then executed the tasks within the selected 
procedure followed by any other tasks in supplemental procedures.  The CMOs finished at 
different end points of the scenario timeline regardless of communication time delay (50 
seconds vs. 300 seconds (5 minutes)).  The number of tasks completed by the CMO as well as 
the time to complete the tasks differed between CMOs.  Several factors contributed greatly to 
this difference.  They were: 
1. The time for a CMO to pull up a procedure on their iPad differed from session to session. 
2. In 7 of 8 sessions, the MOWS examination table was configured as shown in training.  The 

times to configure the table for these 7 sessions were similar.  For the one session that 
differed, the already-deployed table of the HDU’s General Maintenance Station prevented 
the CMO from deploying the MOWS examination table per their training.  For that session, it 
took the CMO an additional amount of time (approximately 20 minutes) to find a new 
location, determine its impact on the execution of tasks by other crewmembers, and 
subsequently set up the table and supporting equipment. 

3. The timeliness of the CMO to complete their tasks depended on their personal approach to 
executing procedures.  For example, two of the four CMOs expressed that they were very 
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conservative with executing tasks because they were not formally medically trained and, 
thus, did not want to make a mistake.  The remaining CMOs used an approach where they 
would expeditiously read the task and then execute it; however, the latter approach led 
those CMOs to have to go back to the procedure to make sure they properly executed that 
task. 

4. In 3 of 8 sessions, the CMO, either on their own or with help from the crew, attempted to 
diagnose or treat the patient before data collection was complete.  In one session, the CMO 
believed the cause of the abdominal pain to be food poisoning and, subsequently, began to 
ask questions not in the procedure to rule out that diagnosis.  In another session where the 
ill crewmember was experiencing urinary retention, one crewmember diagnosed the 
crewmember with a urinary tract infection and directed the CMO to treat the patient as 
such.  This confused the CMO in regards to whose direction they should follow (i.e., crew vs. 
ground-based flight surgeon).  Another session had the CMO questioning the direction and 
instructions from the flight surgeon based on what the CMO believed to be the problem 
(“Why am I still looking at the bladder when the problem appears to be in the kidney?”). 

 
The overall communication between the CMO and crew was constructive and helpful.  In some 
cases, where it appeared that the CMO was very busy, the CDR offered to relay information 
about the medical event to the ground by either voice or text to ground support to save the 
CMO time.  The CDR and other crewmember not involved with the medical event worked to 
make sure the tasks of the CMO and ill crewmember were either being addressed or tabled for 
later completion.  There was only one instance where it appeared the pressure of multitasking 
overwhelmed the CMO.  This was demonstrated by the CMO being “short” with another 
crewmember as the CMO was trying to listen to instructions from ground support. 
 
The questionnaire data revealed that the CMOs liked the content and preciseness of the 
procedures, regardless of the scenario conducted (Table 1).  The levels of frustration for 
understanding and navigating the procedures were indicated by the CMOs as not being 
applicable; however, upon discussion with this cohort, it was learned that the procedures did 
not induce any level of frustration.  The ease of which the CMOs navigated the procedures was 
rated high.  The intuitive format of the procedures may have played a role in that ease of 
navigation (Table 1). 
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Table 1: Questionnaire Data 
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Examination of Abdominal Pain 4.7 4.7 N/A N/A N/A 4.3 N/A 4.3 5 

Vital Signs 4.4 4.4 N/A N/A N/A 4.7 N/A 4.5 4.9 

Ultrasound Configure CX50 4.9 4.6 N/A 4.8 5 4.7 N/A 4.7 5 

Ultrasound-Bladder 4.6 4.3 N/A 5 N/A 4.2 N/A 3.8 5 

ADUS 4.5 4.5 N/A 5 N/A 4.5 N/A 4.5 5 

The CMOs provided answers to the statements in the questionnaire based on the following sliding scale: 
1-Completely Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Completely Agree, 6-Not Applicable 

 
B. Remote Guidance 

1. Communication dynamics with crew 
a. Verbal 

Historically during medical events aboard the ISS, crew communicates with medical 
support through a privatized communication loop that is engineered to be isolated from 
all other communication channels.  The flight surgeon and other medical support such 
as instructions from remote guidance operators (e.g., certified sonographer) are isolated 
and controlled by those individuals in the secure communication.  Similar to the ISS, 
communication between ground medical support (“Psyche” as it was called during this test) 
and the CMO during the AMO Test was also achieved over a “privatized” loop.  The 
privatized loop was achieved by the flight director asking the other flight controllers in 
the room to omit one of the space-to-ground channels.  Once this channel was assigned 
to the personnel involved with AMO medical event, other flight controllers in the 
scenario could neither communicate nor listen to that channel. 
 
Discrete control of the communication software interface had some unconventional 
behavior during the AMO Test.  The communication software allowed for a single 
headset to speak or listen at one time regardless of the loop.  To speak or listen required 
switching back and forth between remote guidance communication needs and those of 
the BME.  One did not know if the other flight controller could hear or not hear the 
crew.  Without careful attention, the interface would mute the secondary head set, thus 
injecting a level of difficulty not common to real-life medical events during spaceflight.   

 
b. Text Message 

Text messaging tools allowed Ground Medical Support to quickly summarize 
instructions to the crew.  This tool had positive impact in scenarios where the round-trip 
delay extended to 5 minutes.  The use of text tool to package or summarize instructions 
was a useful follow-up method.  The tool was used for the majority of the medical 
scenario communication during Phase 2 of the AMO Test.   
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2. Communication dynamics with flight controllers 
a. Psyche/BME 

Verbal and text communication features at the console are a shared resource.  One 
small delay was caused by the inadvertent muting of remote guidance voice on the 
communication channel.  BME support unintentionally muted the flight surgeon’s 
communication during the CMO’s initial report back on the ill crewmember’s vital signs.  
The error was discovered and quickly resolved. 
 

b. Flight Director 
Professional ground control support was provided by the flight director, CMO, and BME.  
Requests by the flight director consisted of calls for crew condition updates and calls to 
forecast crew availability. 
 

c. Other Flight Control Disciplines 
The AMO research coordinators quickly responded to the transient and occasional 
communication and video issues throughout the AMO Test.  All of the AMO flight 
controllers were professional, courteous, and respectful to the medical event, as if it 
were an actual medical situation aboard the vehicle. 

 
3. Image Quality Results 

a. UOS scores for image quality 
The UOS scores for each CMO increased during Phase 2 of the AMO Test as compared 
with Phase 1 (Table 2).  The increased UOS was observed across all communication 
delay configurations.  The overall UOS score for Phase 2 was a higher value as compared 
with Phase 1 (32.5% increase between phases). 

 
Table 2: UOS Scores for the AMO Test 

Individual UOS 
(max=24) 

Phase 1 
(Baseline) 

Phase 2 
(Mitigation) 

CMO1   5-minute com delay 7 11  

CMO2   50-second com delay 12  15  

CMO3   5-minute com delay 14  15  

CMO4   50-second com delay 7  12  

 

Normalized UOS (max=98) 40 53 

Each CMO’s individual UOS score is provided for each AMO Test phase (max=24).  The 
data are then normalized to provide an overall score for each AMO Test phase 
(max=98). 
 

b. Remote guidance comprehension 
Successful use of the color-flow Doppler increased during Phase 2 of the AMO Test 
(Table 3) while use of the frozen image and cine-loop storage capability was increased 
during Phase 1.  Measurements were attempted 50% of the time by the CMOs during 
Phase 1.  
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Table 3: Remote Guidance Comprehension Assessment 

Remote Guidance 
Comprehension Components 

Phase 1 
(Baseline) 

Phase 2 
(Mitigation) 

Color-Flow Doppler 3 out of 6 5 out of 6 

Frozen Image or Cine-Loop 
Storage 

100% both used 50% one or the 
other was used 

Measurements Attempted 50% 0% 

 
 

V. Conclusion 
The study indicates that written medical procedures can be effectively executed by minimally-
trained caregivers (e.g., CMOs) to provide useful clinical data to ground-based medical support with 
minimal remote guidance from subject matter experts.  The study also shows that use of mitigation 
tools, such as the ADUS, enable minimally-trained caregivers to autonomously execute clinical tasks 
in a manner that increases the quality of clinical deliverables, in this case, ultrasound imagery. 
 
In addition to these findings, data from the AMO Test addressed each of ExMC’s specific aims for 
this study. 
A. To discern the level of ground-assistance (remote guidance) necessary, if any, when using 

minimally-trained caregivers to assess and treat a patient during an extensive communication 
time delay. 
 
Feedback from CMO questionnaires along with observational data collected by the investigation 
team during this study indicated that the use of remote guidance can be minimized and possibly 
be removed when a minimally-trained caregiver is assessing a patient that is experiencing a 
medical issue.  Use of mitigation tools, such as the ADUS, enabled minimally-trained caregivers 
to autonomously yet effectively execute clinical tasks despite an extensive communication time 
delay.  The CMOs were able to deliver useful ultrasound images of both the bladder and kidney 
to the ground-based medical support team.  It is understood that the time constraints of the 
simulation prevented the investigators from discerning whether these tools would have led the 
CMOs to successfully diagnose and treat the illness in either phase of the AMO Test; however, 
this study demonstrates the level of effective autonomous medical operations by non-physician 
crewmembers has been augmented and can possibly be expanded for exploration class 
missions. 
 

B. To determine whether non-physicians can autonomously assess and treat a patient with 
minimal training. 

 
It is understood that the data did not demonstrate that CMOs could successfully diagnose and 
treat the illness in either phase of the AMO Test; however, the study did demonstrate a higher 
level of effective autonomous medical operations by non-physician crewmembers with minimal 
medical training (< 1.5 hours training per CMO).  It remains to be seen what can be 
accomplished by non-physician CMOs with increased clinical training hours.  

 
C. To determine whether non-sonographers can efficiently collect useful ultrasound imagery with 

minimal training and remote guidance. 
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Refer to paragraphs in Section V, Part A and B of this document. 
 
D. To determine whether the available similar-to-current ISS resources are sufficient for assessing 

and treating these exploration-relevant medical conditions. 
 

The study showed that similar-to-current ISS resources can be used effectively to help assess 
space exploration-relevant medical conditions.  This was demonstrated in every session by each 
CMO when they successfully and effectively used similar-to-current ISS equipment to collect 
vital sign data from their ill crewmember as well as using an ISS-similar ultrasound system to 
collect anatomical imagery of several body organs.  It remains to be determined whether this 
equipment can be used to successfully diagnose and effectively treat an ill crewmember 
suffering from the medical conditions specific to this study (urinary retention and renal stone 
formation). 

 
E. To determine whether written procedures with imagery are sufficient to guide autonomous 

non-physicians to efficiently and effectively assess and treat a patient. 
 

The study showed that written procedures with imagery can be used effectively by autonomous 
non-physicians to assess a patient.  The CMOs demonstrated their ability to follow written 
procedures during Phase 1 of the study in the absence of the ADUS to effectively execute tasks 
to successfully collect useful medical data in the form of vital sign data and ultrasound imagery 
of anatomical organs (Per the protocol stated in Section J-3 of the Methods, no caliper 
measurements were made during Phase 2 as they were neither indicated by ADUS nor 
requested by the ground).  It remains to be seen whether these written procedures could have 
been used to successfully diagnose and effectively treat an ill crewmember suffering from the 
medical conditions specific to this study (urinary retention and renal stone formation). 
 
The usefulness of the texting option between ground support medical team and the CMO 
requires further analysis.  Access to texting tools while acting as a primary caregiver to an ill 
crewmember may be problematic for the effective management of a medical event.  Also, 
additional support or expanded text features may be required for the CMO to effectively 
monitor the text messaging while caring for that crewmember.  For example, there may be a 
situation where a medical event requires additional crew support.  Such a scenario would be a 
reasonable consideration for future study. 
 
During extensive communication delays (e.g., 5 minutes), medical support via text messaging 
with crew would appear to be a necessary step for managing a medical event.  Whether this 
technology could be expanded towards the use of “smart” tools/applications remains to be 
determined.  Taken together, these technologies could expand autonomous yet effective use of 
clinical procedures and equipment by non-physician crewmembers in the absence of ground-
based clinical personnel. 
 
The increase in the UOS and use of color-flow Doppler by the CMOs during the two phases of 
the study may be an indirect assessment of CMO confidence in ultrasound.  It is unknown 
whether a learning effect also contributed towards this increase in ultrasound image quality and 
color-flow Doppler use.  Combining this more complex use of the ultrasound tool with the 
higher overall UOS score does lend itself to the improved clinical usefulness of the data obtained 
during Phase 2 as compared with Phase 1.  If the learning effect is removed from consideration, 
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it can be said that the ADUS and texting communication tool combined to improve the clinical 
usefulness of the ultrasound images by one third going from Phase 1 to Phase 2.  This is a 
remarkable finding considering the CMO team had received 1 hour of formal ultrasound training 
by a subject matter expert and a 20-minute briefing on the ADUS tool. 
 
ADUS is a just-in-time tool that focuses on simple concepts such as probe placement and 
ultrasound pattern recognition.  The ADUS can be used to augment the limited formal 
ultrasound training a CMO receives but it cannot replace the clinical decision needed along with 
next steps and ground support; however, tools like texting and ADUS could be developed, 
expanded, and personalized to minimize the gap needed for a crew to autonomously yet 
effectively diagnose and treat an ill crewmember.  The texting tool could also act as a reference 
for the CMO, thus acting to reinforce instructions from ground support.   
 

VI. Next Steps 
ExMC will conduct an evaluation of the current ISS medical capability within the HDU as part of the 
JSC Mission Operations Test in September.  This evaluation will act as a baseline test for ExMC’s 
Exploration Medical System Demonstration project. 
 
Ultrasound 
The ExMC team will continue their expansion of remote guidance techniques and just-in-time 
training tools during the baseline and in-flight data collections of the cervical and lumbar vertebrae 
of ISS crew volunteers.  A just-in-time training tool recently developed by the ExMC team will be 
implemented with ISS crewmembers to help them prepare for their remote guidance session later in 
their mission.  This will also include the use of a new ultrasound probe recently manifested aboard 
the just-launched H-II Transfer Vehicle by the Japan Aerospace Exploration Agency. 
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