EXPLORATION MEDICAL CAPABILITY

Effect of Medical System Size on Predicted Medical
Risk and Medical System Design Considerations for an

Extended Duration Lunar Mission
Exploration Medical Capability, NASA Human Research Program

—m—

Ariana M Nelson, MD1-3
Dana Levin, MD
Prashant Parmar

; Arlan Anderson MD14 “Expanding the Boundaries of Space Medicine and Technology”

’|n J; ,
Lynn Boley!r
David C Hilmers, | D>

' NASA Johnson Space el r;2 University of Texas Medical Brar '_ R ~ UnlverS|ty of Colorado
School of Medlcmes__.'l"klﬁdf:_ — _\ e = S > ._ S
e —— ,—;zﬁ?&x “‘ ospace Medical Association,

———=—— -



5MC

IIIIIIIIIIIIIIIIIIIIIIIIIII

Thank you to the entire team from
Med Ops, JSC, GRC, ARC, LaRC
and of course ExMC!




Disclosure Information
94th Annual Scientific Meeting

We have no financial relationships to
disclose.

We will not discuss off-label use
and/or investigational use in
presentations.

Image designed by ChatGPT4



EXPLORATION MEDICAL CAPABILITY

* So, about that backpack...

Med System parameters can be set:

« Target mass or volume
(e.g. 50 kg and 150 L)

* Optimize a single parameter or a
weighting of multiple parameters

* Fully Treated Kit
* 445 kg (not feasible)

Introduction to the Medical System

Image designed by ChatGPT4
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Capabilities/Resources

Medical system:
. Mass 4mm———)

 Volume
« Power

Risk Metrics:




* We determined outcomes for each weight target
—LOCL - Loss of crew life

—RTDC — Return to definitive care (medical evacuation)
— Task time lost (crew task impairment)

* We also determined the ranked contribution of medical
conditions likely to occur that drive these risks

* We then explored the differences in the proposed
resourcing for different size medical systems






System Optimization.

* Medical System Size?

— ldentify inflection points in medical risk
— Mass reasonable for the desired mission

— Did not want to choose clinical threshold
» What is an acceptable risk of LOCL?

Medical System Size
(mass and volume)



OUTCOMES: OVERALL RISK - TTL

Medical System Physical Mass

Estimated Task Time Lost - Person Days
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EXMC)  OUTCOMES: OVERALL RISK - LOCL
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CONDITIONS INFLUENCING RISK
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EMC TOP 10 CONDITIONS - 30 Kg — LOCL . " ‘.

TOP 10 LOCL
EVA-related Decompression Sickness 0.0029
Traumatic Hypovolemic Shock 0.0011
Respiratory Failure 0.0007
UTI/Pyelonephritis 0.0007
Ebullism 0.0005
Abnormal Uterine Bleeding 0.0004
Dental Abscess 0.0002
Trauma - Severe Head 0.0002
Toxic Inhalation Exposure - Combustion Products 0.0002
Skin Infection - Bacterial 0.0002

Top 10 conditions contributing to the risk for crew loss of life in events per mission .



E%MC)  TOP 10 CONDITIONS — 30 Kg - RTDC

EXPLORATION MEDICAL CAPABILITY

Fracture - Wrist 0.1413
Eye Foreign Body 0.0479
Barotrauma (Ear/Sinus Block) 0.0213
EVA-related Decompression Sickness 0.0210
Corneal Abrasion/Ulceration 0.0109
Burn - Chemical Eye 0.0099
Pregnancy, Risk For 0.0094
Pregnancy 0.0067
Skin Infection - Bacterial 0.0067
Gastroenteritis/Acute Diarrhea 0.0049

Top 10 conditions contributing to the risk for need for return to definitive care in events per mission o



MG TOP 10 CONDITIONS —30 Kg - TTL.

EXPLORATION MEDICAL CAPABILITY

TOP 10 TTL
EVA-related Shoulder Injury 18.8977
Barotrauma (Ear/Sinus Block) 9.9344
EVA-related Suit Contact Injury 8.4271
EVA-related Hand Injury 5.7195
Sprain/Strain - Upper Extremity 5.5466
Sprain/Strain - Lower Extremity 5.1816
Rash, Spaceflight Associated 5.0890
Fracture - Wrist 4.7114
Sleep Disturbance/Insomnia 4.2666
Sprain/Strain - Back 41754

Top 10 conditions contributing to total crew task time lost in person days .



Total Resource Mass (kg), 10kg

Vascular A... 0.1 (0.9%)
Woun... 0.4 (4.02%) o Pharmaceutical

3.7 (37.43%)

Medical Instrument
1.0 (9.59%)

Airway
1.2 (12...)

Device 3.0 (30.09%)

Total Resource Mass (kg). 20kg

Ultrasound _

0.9 (4.4%)

Medical Instrument
1.4 (7.18%)

Pharmaceutical
7.6 (38.16%)

Airway
1.8 (8.83%)

Hygiene
2.1 (10.73%)

Device 4.9 (24.38%)

Resource Type
@ Pharmaceutical

@ Device
® Airway
@ Medical Instrument
@ Wound Care
@ Hygiene
Bandage
@ Vascular Access

® General Supplies

@ Laboratory
@ Cast
®CP1

v

Resource Type

® Pharmaceutical

@ Device

@® Hygiene

® Airway

@ Medical Instrument
® Ultrasound

® Wound Care

® Laboratory

® General Supplies

@ Vascular Access

Total Resource Mass (kg), 30kg

Bandage

Medical Instrument 01 (0.39%)
1.4 (4.66%)

Airway 1.6 (5.4%) —

Hygiene
1.9 (6.21%)

Pharmaceutical
6.4 (21.54%)

Device 16.7 (55.95%)

Total Resource Mass (kg), 50kg

Bandage

Laboratory0-2 (0.49%)
1.5 (3.06%)
Airway 2.6 (5.23%)

Device 17.9 (35.82%)

Medical Instrument
3.4 (6.83%)

Hygiene
6.6 (13.2%)

Pharmaceutical
13.9 (27.83%)

Resource Type
@ Device

@ Pharmaceutical

@ Hygiene

@ Airway

@ Medical Instrument
® Ultrasound

® Wound Care

® General Supplies

@ Vascular Access
®Bandage

@® Laboratory

Resource Type
@ Device

@ Pharmaceutical

@®Hygiene

@ Medical Instrument

@ Airway

® Laboratory

@® Ultrasound

@ Wound Care

®Splint

@ CPAP Mask
Bandage

h 4



Total Resource Quantity, 10kg

CP2 0.2K (3.54%) —
General Supplies
0.4K (6.55%)

\__ Pharmaceutical
5.8K (84.76%)

Total Resource Quantity, 20kg

Wound ... 0.1K (1.72%) —

General Supplies
0.4K (5.37%)

N\

\__ Pharmaceutical
7.0K (85.9%)

Resource Type
@ Pharmaceutical

@ General Supplies
®Cp2
@ Wound Care
@ Medical Instrument
@ Hygiene
CP1
® Device
® Airway
@ Vascular Access
@ Software
@ Bandage

Resource Type
@ Pharmaceutical

@ General Supplies
@®CpP2
@® Wound Care
@ Medical Instrument
@ Hygiene
@ Device
CP1
® Airway
@ Laboratory

@ Vascular Access

v

Total Resource Quantity, 30kg

o == |
CP20.2K (3.03%)‘1@\5 0.1%) |

General Supplies
0.4K (5.57%)

Software

Total Resource Quantity, 50kg

Wound Care 0.2K (1.5%) —\

General Supplies
0.5K (3.78%)

N

\__ Pharmaceutical
6.8K (85.28%)

\__ Pharmaceutical
10.6K (87.36%)

Resource Type
@ Pharmaceutical

@ General Supplies
@CP2
® Wound Care
@ Medical Instrument
@ Device
@ Hygiene
CP1
@ Airway
@ Laboratory
@ Vascular Access
® Software

Resource Type
® Pharmaceutical

@ General Supplies
eCpP2

@ Medical Instrument
@ Wound Care

@ Splint

@ Hygiene

@ Device

@ Laboratory

® Airway

@®CP1



Pharmaceutical Masses (kg), 10kg

Inhaled

Transdermal Patch 0.0 (0.77%) |
0.3 (8.04%)

Intravenous
0.3 (9.03%)

Intranasal
0.3 (9.16%)

Ophthalmic Drops
0.5 (12.68%)

Pharmaceutical Masses (kg), 20kg

Inhaled _

{o
Ophthalmic Drops _ 70'0 (0.38%)

0.5 (6.51%)

Transdermal Patch
0.7 (8.95%)

Topical
0.7 (9.73%)

Intravenous 2.6 (34.2%)

Oral 2.1 (56.68%)

— Oral 2.6 (34.41%)

Resource Specification 1
@ Oral

@ Ophthalmic Drops
@ Intranasal
® Intravenous
@ Transdermal Patch
® Topical
Subcutaneous
@ Sterile Surgical Lubricant
@ Inhaled
@ Ophthalmic Strip
® Device

@ Intramuscular

Speci
@ Oral

@ Intravenous

@ Topical

@ Transdermal Patch

® Ophthalmic Drops

@ Intranasal
Subcutaneous

@ Sterile Surgical Lubricant

@ Inhaled

@ Ophthalmic Strip

@® Device

Pharmaceutical Masses (kg), 30kg

Intrana... 0.3 (5.32%) —

Ophthalmic Drops
0.5 (7.72%)

~ Oral
- 2.5(39.19%)

Transderm...
06(98.)

Topical
0.8 (12...)

Intravenous |
1.5 (23.32%)

Pharmaceutical Masses (kg), 50kg

Intran... 0.4 (2.95%) —

Transdermal P...
0.9 (6.34%)

Intravenous
5.0 (35.9%)

Topical
32(2.)

Oral 3.4 (24.77%)

Specl
@ Oral

® Intravenous

® Topical

® Transdermal Patch

@ Ophthalmic Drops

@ Intranasal
Subcutaneous

@ Sterile Surgical Lubricant

@ Inhaled

@ Ophthalmic Strip

® Device

Resource Specification 1
® Intravenous

@ Oral

@ Topical

@ Transdermal Patch

® Ophthalmic Drops

@ Intranasal

® Intramuscular

@ [nhaled

@ Subcutaneous

@ Sterile Surgical Lubri...
@ Device



Pharmaceutical Quantities, 10kg

Topical
Ophthalmic Drops 0.0K (0.1%) —|
0.2K (4.07%) \
Intranasal

09K (159.)

Oral 43K (73.8%) —

Pharmaceutical Quantities, 20kg

Ophth... 0.2K (3.48%) =N
Topical
0.4K (5.65%)

Intranasal
09K (13..)

Oral 5.1K (71.81%) —

Resource Specification 1
® Oral

@® Intranasal

® Ophthalmic Drops
® Inhaled

@ Transdermal Patch
@ Intravenous

© Subcutaneous

® Ophthalmic Strip
@ Sterile Surgical Lubricant
@ Topical

@ Device

® Intramuscular

v

Speci
@® Oral

@ Intranasal

® Topical

@® Ophthalmic Drops

® Inhaled

@® Transdermal Patch

@ Intravenous

® Subcutaneous

@ Ophthalmic Strip

@ Sterile Surgical Lubricant

Pharmaceutical Quantities, 30kg

Opht... 0.2K (3.58%) —
Topical
04K (5.47%)

Intranasal
0.9K (13...)

Oral 4.9K (71.45%) =

Pharmaceutical Quantities, 50kg

Transder... 0.1K (1.27%) =)
Topical 0.5K (4.81%) —

Subcutaneous

10K (9.79%)

Intranasal
1.1K (10....)

Oral 7.1K (67.62%) —

Speci
® Oral

@ [ntranasal

@ Topical

@® Ophthalmic Drops

@ [nhaled

® Transdermal Patch

@ Intravenous

@ Subcutaneous

® Ophthalmic Strip

@ Sterile Surgical Lubricant

® Device
Intramuscular

A4

Resource Specification 1
@ Oral

@ Intranasal

® Subcutaneous

® Topical

@ Ophthalmic Drops
@ Inhaled

@ Transdermal Patch
@ Intravenous

@ Otic Drops

@® Ophthalmic Strip



Device Masses (kg), 10kg

Pill Cutter
|

Intraocular Pressure ... 0-0 (1.06%)
0.1(236%)

Airway

0.1 (2.79%)

Restraint ... _—
0.13..)

B...0 {..)—=

SPO2& ..
0.1 (3...)

€01 () —

Stethoscope -
0.1(4.1..)

Physical Therapy -
0.1 (4.33%)

0.2 (6.65%)
Device Masses (kg), 20kg

Eye Irrig... 0.1 (1.29%) —\

Sleep... 0.1 (1.69%) —\
Blue Light Block...
0.1 (2.05%)

Ca... 0.1 (2..) —
St..0.1 (..) —

—

S

Wearable S..
0.2 (4.1..)

Pa..02 (4.) —

Camcorder -
0.3 (5.25%)

Airway 0.3 (6.88%) —
Camera 0.4 (7.86%) -

390nm to 500nm Wavele...
/0.8 (24.94%)

~__ Camera

[ 4 \__ Camcorder
Panoptic Fundoscope | 0.3 (8.51%)

Alpha Stim CES Device
/ 1.5(30.77%)

Resource Specification 1
® 390nm to 500nm Wavele...

@® Camera
@® Camcorder

® Panoptic Fundoscope

@ \Wearable Sleep Data Coll...

@ Physical Therapy

@ Stethoscope

@ Camcorder Power Supply

® SPO2 & SPCO Blood Oxi...
@ Blue Light Blocking Glass...
@ Restraint Straps

@ Space Anticipation Glasses

h 4

Speci

@ Alpha Stim CES Device

® 390nm to 500nm Wavele...
® Camera

® Airway

@® Camcorder

@ Panoptic Fundoscope

@ Wearable Sleep Data Coll...

@ Physical Therapy
@ Stethoscope

"\__ 390nm to 500nm Wavel.. ® Camcorder Power Supply
0.8 (15.39%)

Device Masses (kg), 30kg

Blue Li... 0.1 (0.6%) —

Pano... 0.2 (1.2%) —,
Ca..04 (2..) —_ g
ECG 0.5 (3..) —
390nm to ...
08 (44.)

Vital Signs
1:21(6...)

Lifepak 15 De...
1.3 (7.78%)

Alpha Stim CES Device _ /
1.5 (8.97%)

_

Device Masses (kg), 50kg

Sleep M... 0.1 (0.46%) —
Panop... 0.2 (1.12%) —\

Airway
0.4 (2.35%)
390nm to 50...

08 (4.19..)
Combinatio...

0.8 (44..)

T N

Vital Signs
1.2 (6.44%)
Lifepak 15 Device ...
1.3 (7.27%)
Alpha Stim CES Device _ /
1.5 (8.39%)

P

\__ Lifepak 15 Device
9.1 (54.43%)

\__ Lifepak 15 Device
9.1 (50.9%)

Specl
@ Lifepak 15 Device

@ Alpha Stim CES Device

@ Lifepak 15 Device Power ...
@ Vital Signs

@ 390nm to 500nm Wavele...
® ECG

® Camera

@® Camcorder

@ Panoptic Fundoscope

@ Wearable Sleep Data Coll...
@ Physical Therapy

@ Stethoscope

A

Resource Specification 1
@ Lifepak 15 Device

@ Alpha Stim CES Device
® Lifepak 15 Device Power ...
@ Vital Signs

Combination Ophthalmos...
® 390nm to 500nm Wavele...
® ECG
® Airway
@® Camera

® Camcorder



Device Quantities, 10kg

Space Anticipat...
1.0 (3.03%)

Restraint ...
10(3)

Physic..
1.0(..)

Lower...

Intraocular P... _
1.0 (3.0..)
Eye Irrigation Goggles |
1.0 (3.03%)

Device Quantities, 20kg

Table... 1.0 (2.38%) —
SPi 1:0:(2i) —
Snellen Ch...
1.0 (2.3..)
Pill Cut..
1.0(2.)
Panop...
1.0 (..
Lower ..
1.0
IVGEN Int... -
1.0 (24:)
Intr... 1.0 2...) —

Eye Irrigation Goggles |
1.0 (2.38%)

N

Intraocular Pressure Mea...

[ 40(12.12%)

___ Sleep ...
2.0(.)

S Al 1.0 ()
“— Blu... 1.0 (3..)

— Camc... 1.0 (3.03%)

/— Airway 4.0 (9.52%)
Intraocular Pr...
4.0 (9.52%)

__ Camera
2.0 (.)

_ Foam ...
20(.)

- Sleep M.
20 4..)

~__ Alpha Stim C...
1.0 (2.3..)

\— camc... 1.0 (2.38%)

Resource Specification 1
@ Intraocular Pressure ...

® Camera
@ Foam Ear Plugs
@ Sleep Mask
@ 390nm to 500nm Wa...
® Airway

Blue Light Blocking ...
® Camcorder
@® Camcorder Power Su...
® EHR Interface
@ Eye Irrigation Goggles

Speci
@ Airway
@ Intraocular Pressure ...
@® Camera
@® Foam Ear Plugs
@ Sleep Mask
@ 390nm to 500nm Wa...
@ Alpha Stim CES Device
@ Biohazard Bag

Blue Light Blocking ...
@® Camcorder

@® Camcorder Power Su...

v

Device Quantities, 30kg

Space ... 1.0 (1.35%) —, ECG
Pill C... 1.0 (1.35..) —

Pan... 1.0 (13..) —.

Light Source
10 (135%)
IVGEN Intra...
1.0 (1.3..)
Intraocular...
10:(1:3:)
Eye Irrigation...
1.0 (1.35..)

Casn 10 )=
Bioh.. 1.0 (1.3.) — &
390n... 1.0 (1.35%) —

Device Quantities, 50kg

Tablet Co... 1.0 (1.2%) =
Restra... 1.0 (1.2%) =\
Pano... 1.0 (1.2%) —_

Low: 10/ (Ta) —
Lifi. A0 Ta) —

V... 1.0 (1...) ——

ECG

IntraocularP...
1.0 (1.2%)

Ey... 1.0 (1.) —
E..10(1.) —
i 10 (1) — ;

Blu... 10(1..) — 4
390nm to 500nm W... /¥
1.0 (1.2%)

Vital Signs 4.0 (4.82%) =/

» /29,0 (39.19%)

\__ Intraocular Pressure Measu...
Camera 2.0 (2.7%) — 40 (541%)

/" 29.0 (34.94%)

N Airway 5.0 (6.02%)
- Intraocu... 5.0 (6.02%)

Specl
® ECG

@ Intraocular Pressure Measu...
® Vital Signs
® Camera
@ Foam Ear Plugs
@ Sleep Mask
® 390nm to 500nm Wavelen...
® Airway
@ Alpha Stim CES Device
® Biohazard Bag
Blue Light Blocking Glasses

Resource Specification 1
® ECG

@ Airway
@ Intraccular Pressure Measu...
® Foam Ear Plugs
® Vital Signs
® Camera
@ Sleep Mask
© 390nm to 500nm Wavelen...
© Alpha Stim CES Device
® Biohazard Bag
Blue Light Blocking Glasses

w



Conclusions

* As kg weight target increases
— physical mass of system
increases

» 30 kg is the inflection point for
this DRM

« Systems engineers and
mission planners will be able
to select a kg target that is
reasonable for a given
mission and assess the
IMPACT of that decision

Image courtesy of: https://www.space.com/artemis-1-moon-stepping-stone-mars



YMGC Limitations
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 Considerations:

- Ease of re-supply

— Smaller kit — risk of resupply not as
concerning for LEO missions vs. Mars

* Longevity of components

— E.g. IMPACT does not consider risk of
Lifepak malfunction.

— Pharmaceutical stability tests ongoing

 IMPACT not yet modeling certain
mission segments

Image designed by ChatGPT4
23
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Please hold all questions untilihe end.:
Thank you!




