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F: Flight Study
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FP: Flight Prep

AO: Add on to another study

Planned/unfunded

Early Start
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

1.0  Validate Standards

ExMC 1.01: Inadequate information on pre-flight
medical screening capabilities for exploration
class missions

Technology Watch

Cardiovascular Imaging and Strategies to
Mitigate the Risk for Cardiac Events in
Astronauts During Prolonged Spaceflight (HHC
Portfolio/EP)

ExMC 1.02: Inadequate information on genetic
screening technology (MERGED WITH ExMC
1.01)

ExMC 1.03: Inadequate information on the
individual susceptibility to hypobaric
environments (e.g. 7.2 psi lunar habitat)
(CLOSED)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

3 3 3

↑3: Update to Standards Working Group

3 3 3 3 3

See HHC/ECP Charts

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

2.0 Quantify the Risk

ExMC 2.01: We do not know the quantified mission and
crew health consequences due to medical events for
exploration – class missions.

Integrated Medical Model

Integrated Medical Model (GRC simulations)

Probabilistic Analysis of Renal Stones in US
Astronauts

Integrated Medical Model - Abdominal Injury Module

Integrated Medical Model - Head Injury Module
(Completed)

Integrated Medical Model - Neck Injury

Integrated Medical Model - Chest Injury Module

ExMC 2.02: We do not know the quantified crew health
and mission impacts of including a physician crew
medical officer on exploration missions.

Technology Watch

Quantify impacts of including various levels of
clinical training within the crew

ExMC Support of Medical Scenarios for the
Autonomous Mission Operation (AMO) Test

Long-Duration Cross-Training Feasibility and
Methods (SHFH/SHFE))

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

New Capability DevelopmentIMM v2.0

IMM v3.0

G: S/W Module Dev't

liminary Module
Final Module

6
G: S/W Module Dev't

6
G: S/W Module Dev't

Deliver to IMM
6

G: S/W Module Dev't

6
G: S/W Module Dev't

6

Tech Watch

Training White Paper Delivery Updated Report
DP: More Research Req'd?

Final Report
See SHFH/SHFE Charts

8

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

3.0 Mitigate the Risk

ExMC 3.01: We do not know the optimal training methods
for in-flight medical conditions identified on the Space
Medicine Exploration Medical Condition List taking into
account the Crew Medical Officer’s clinical background

Technology Watch

Evaluation of Task-Skill-Knowledge JIT techniques for
medical and other emergency events (SHFH/SHFE)

Tools and methods to ensure training retention for
long-duration missions (SHFH/SHFE)

ExMC Support of Medical Scenarios for the
Autonomous Mission Operation (AMO) Test

ExMC 3.02: Lack of knowledge about the current
state of the art in telementoring/telemedicine as a
tool for assisting crewmembers to diagnose and
treat medical conditions that occur in space flight
(CLOSED)

ExMC 3.03: Inadequate information on capabilities for
in-flight screening and diagnosis of conditions on the
Space Medicine Exploration Medical Condition List

Technology Watch

Determine requirements for in-flight periodic health status
exams based on Space Medicine Exploration Medical
Condition List

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

See SHFH/SHFE Charts

8

See SHFH/SHFE Charts

8
See ExMC 2.02 Task

Tech Watch

G: Req'ts Dev't

▲ Req'ts Baselined 3 3 3

↑3: Update to Standards Working Group

3 3 3 3

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.01: Lack of guided medical procedure system
that integrates with medical hardware

Technology Watch

Assisted Medical Procedures (AMP)

Integration of iRevive with the Lightweight Trauma
Module (NSBRI/Crossin) (Completed)

ExMC Support of Medical Scenarios for the
Autonomous Mission Operation (AMO) Test

Advanced concepts for information integration and
presentations; Adv info Concepts (SHFH/SHFE)

Information Integration for Electronic Procedures
(SHFH/SHFE)

ExMC 4.02: Limited non-invasive diagnostic imaging
capability and techniques to diagnose conditions on the
Space Medicine Exploration Medical Condition List

Technology Watch

Flexible Ultrasound System

Ultrasound Fracture Diagnosis in Space
(NRA/Dulchavsky) (Completed)

Combined Scanning Confocal Ultrasound Diagnostic and
Treatment System for Bone Quality Assessment and
Fracture Healing (NSBRI/Qin)

Multi-Use Near-Infrared Spectroscopy System for
Spaceflight Health Applications (NSBRI/Strangman)

Wideband Single Crystal Transducer for Bone
Characterization (SBIR I/Snook)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

G: System Dev't

RFP Release
Downselect/Award TRL 6 System

6
TRL 7 System

6

NSBRI: H/W Dev't
TRL 6 System

6

G: See ExMC 2.02 Task

See SHFH/SHFE Charts

8
See SHFH/SHFE Charts

8

Tech Watch

G: H/W Dev't

RFP Release
TRL 6 System

6

G DA&M

F'sblty Rprt
Handover of Training Programs to Space Medicine

6

NSBRI: H/W Dev't
TRL 6 System

6

NSBRI: G 11
Final Report

6
TRL 4 System

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.03: Limited capability to treat back/neck pain
and injuries in the space flight environment

Technology Watch

Understand back/neck pain etiology

Risk of Invertebral Disc Damage After Prolonged
Spaceflight (HHC Portfolio/Multisystem)

Sonographic Astronaut Vertebral Examination (HHC
Portfolio/Multisystem)

ExMC 4.04: We do not know what technologies can be
used to provide supplemental oxygen to ill
crewmembers from onset of illness through landing and
recovery and also minimize the local and cabin oxygen
buildup to avoid increasing the risk of fire.

Technology Watch

Portable Cathode-Air-Vapor-Feed Electrochemical Medical
Oxygen Concentrator (SBIR/LynnTech)

Development of Pressure Swing Adsorption Technology for
Spaceflight Medical Oxygen Concentrators (NSBRI/Ritter)

ISS Flight Demonstration of Oxygen Concentrator

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

IVD Study Report from NxPCM

8
See HHC Portfolio/Multisystem Charts

8
See HHC Portfolio/Multisystem Charts

8

Tech Watch

G: H/W Dev't
TRL 6 System

6
NSBRI: H/W Dev't

TRL 6 System
6

FP F: ISS
TRL 7 System

6Down Select

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.05: Lack of minimally invasive in-flight
laboratory capabilities with limited consumables
required for diagnosing identified Exploration Medical
Conditions

Technology Watch

Nanoscale Test Strips for Multiplexed Blood Analysis

In-flight Blood Analysis Technology for Astronaut
Health Monitoring (NSBRI/Tai) (Completed)

ExMC 4.06: Limited capability to stabilize and treat bone
fractures

Technology Watch

Development of methods/technologies for treatment of
bone fractures

Combined Scanning Confocal Ultrasound Diagnostic
and Treatment System for Bone Quality
Assessment and Fracture Healing (NSBRI/Qin)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

G: H/W Dev't
TRL 6 System

6

H/W Dev't
TRL 6 System

6

Tech Watch

G: Solicit G: H/W Dev't

Req'ts Baselined
TRL 6 System

6

NSBRI See ExMC 4.02

2

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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ExMC 4.0 Monitor and Treat Each Condition - Gap: ExMC 4.01 - ExMC 4.27

6 of 13 For NASA Internal Use Only



Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.07: Limited wound care capability to improve
healing following wound closure

Technology Watch

Data Sharing Activity to Gather Evidence for
Impaired Healing Risk (HHC Portfolio/Multisystem)

ExMC 4.08: Limited capability to treat muscle, ligament,
and tendon injuries

Technology Watch

Development of methods/technologies for treating MLT
injuries

ExMC 4.09: Lack of medical suction and fluid
containment capability for chest tube and airway
management in partial gravity and microgravity
environments

Technology Watch

Development of methods/technologies for medical suction

ExMC 4.10: Lack of rapid vascular access
capability for space flight (CLOSED)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

See HHC Portfolio/Multisystem Charts

8

Tech Watch

G: H/W Dev't

Req'ts Baselined
TRL 7 System

6

Tech Watch

SBIR G: H/W Dev't

Req'ts Baselined
TRL 6 System

6

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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HRP IRP Revision D
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.11: Limited dental care capabilities

Technology Watch

Development of methods/technologies for dental
conditions

Exploration Dental Capabilities for EMSD

ExMC 4.12: Lack of in situ intravenous (IV) fluid
generation and resource optimization capability

Technology Watch

IVGEN Gap Analysis

Fluid Resuscitation - Closed Loop

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

G: Solicit

G: H/W Dev't
TRL 6 System

6

TRL 6 System
6

Tech Watch

DA&M
Final Report

1

TRL 6 System
5

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes Due to
Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.13: Limited capability to diagnose and treat a renal
stone during an exploration mission

Technology Watch

Smart Therapeutic Ultrasound Device for Mission Critical Care
(NSBRI/Crum)

ExMC Support of Medical Scenarios for the Autonomous
Mission Operation (AMO) Test

ExMC 4.14: Lack of efficient medical consumable inventory
tracking system that provides data on overall usage and usage
rate and integrates securely with vehicle inventory
management system

Technology Watch

Medical Consumables Tracking - GRC

ExMC 4.15: Lack of medication usage tracking system that
includes automatic time stamping and crew identification

Technology Watch

Medical Consumables Tracking - GRC

See ExMC Gap 4.14 Medical Consumables Tracking -
GRC Task

ExMC 4.16: Lack of technique or procedure to draw
injectable medication into a syringe without bubble
formation or bubble removal prior to medication
delivery (CLOSED)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

NSBRI: H/W Dev't
TRL 6 System

6

See ExMC 2.02 Task

Tech Watch

G: H/W Dev't

TRL 6 System
TRL 7 System

6

Tech Watch

See ExMC 4.14
2

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.17: Lack of adequate protection for medications to
preserve stability and shelf-life in exploration class
missions

Technology Watch

Development of methods/technologies for protecting
medications in space flight

ExMC 4.18: Limited biomedical monitoring capability for
exploration extravehicular activity suits

Technology Watch

Noninvasive Biosensor Algorithms for Continuous Metabolic
Rate Determination (NSBRI/Soller)

ExMC 4.19: Limited biomedical sensing capabilities for
intravehicular activities (such as performing periodic
clinical status evaluations and contingency medical
monitoring)

Technology Watch

Biosensors for EMSD

Development of methods/technologies for intravehicular
activity biomedical monitoring

ExMC 4.20: Lack of a system to manage medical
data collected from the patient in space flight that
integrates with ground operations (MERGED WITH
ExMC 5.01)

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

G: Solicit G: H/W Dev't

Req'ts Baselined
TRL 6 System

6
DP (with HHC): Technology Dev't Req'd?

H/W Dev't TRL 6 System

6

Tech Watch

See ExMC 5.01 Task

G: H/W Dev't
TRL 6 System

6

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.21: Limited eye wash capability to treat chemical
eye exposure in partial gravity and microgravity
environments

Technology Watch

Development of methods/technologies for eye wash capability

ExMC 4.22: Limited capability to diagnose and treat
radiation sickness

Technology Watch

Development of methods/technologies for treating radiation
sickness

ExMC 4.23: Limited capability to auscultate internal sounds
of the body in a noisy, space flight environment

Technology Watch

Development of methods/technologies to auscultate and
capture body sounds in a noisy environment

ExMC 4.24: Lack of knowledge regarding the treatment of
conditions on the Space Medicine Exploration Medical
Condition List in remote, resource poor environments

Technology Watch

Research Treatment of Relevant Medical Conditions in
Remote, Resource Poor Environments

ExMC Support of Medical Scenarios for the
Autonomous Mission Operation (AMO) Test

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

SBIR G: H/W Dev't          G: H/W Dev't
F: ISS

Req'ts Baselined TRL 6 System
TRL 7 System

6

Tech Watch

NSBRI: Solicit NSBRI: H/W Dev't
TRL 6 System

Tech Watch

G: Solicit G: H/W Dev't F: ISS

TRL 6 System
TRL 7 System

6

Tech Watch

G: White Paper Dev't
Final Report

See ExMC 2.02 Task

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

 

HRP Integrated Research Plan (IRP) - Revision D
Exploration Medical Capability (ExMC)

Risk of Unacceptable Health and Mission Outcomes Due to Limitations of In-flight Medical Capabilities

HRP IRP Revision D
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

4.0 Monitor and Treat Each Condition

ExMC 4.25: Lack of capability to deliver medication to a
crewmember in a pressurized suit

Technology Watch

Space Flight Injectable Delivery System

ExMC 4.26: Limited capability to diagnose and treat
pulmonary or systemic disease due to non-terrestrial dust
exposure

Technology Watch

Clearance of Particles Depositing in the Human Lung
in Low-Gravity (SHFH/AEH)

LADTAG Lunar Dust Health Standard (SHFH/AEH)

Review and Assess State of Knowledge Regarding the
Acute or Chronic Cardiovascular Toxicity of Mineral
Dusts (SHFH/AEH)

Development of methods/technologies to monitor and treat
disease caused by non-terrestrial dust exposure

ExMC 4.27: Limited capability to sterilize medical equipment
in space flight

Technology Watch

Development of methods/technologies to sterilize medical
equipment in space flight

a b c d e f g

ISS as Mars analog

Human Research Wiki

ExMC and Other HRP Gaps Technology Watch

Tech Watch

G: H/W Dev't

Tech Watch

SEE SHFH/AEH Charts
8

Final Report from AEH

8
See SHFH/AEH Charts

8
See SHFH/AEH Charts

8

G: Solicit G: H/W Dev't
TRL 6 System

6

Tech Watch

G: Solicit G: H/W Dev't
TRL 6 System

6

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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Task Name

ISS and other vehicles

ISS as Mars analog

Exploration Medical Capability (ExMC)

Evidence Wiki

Technology Watch

Risk of Unacceptable Health and Mission Outcomes
Due to Limitations of In-flight Medical Capabilities

5.0 Provide Enabling Capabilities

ExMC 5.01: Lack of end-to-end medical data management
infrastructure for exploration class missions

Technology Watch

Distributed System for Spaceflight Biomedical Support
(NSBRI/Strangman)

Exploration Medical System Demonstration on ISS

Biosensors for EMSD

Exploration Dental Capabilities for EMSD

EMSD - Ground Demonstration

EMSD - Flight Demonstration
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EMSD Baseline Capability Evaluation using HDU
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G: Evaluation Report

▲a: 6 Crew Capability; ▲b: Shuttle Retired; ▲c: EFT1; ▲d: MPCV CDR; ▲e: EM1; ▲f: EM2; ▲g: End of US Commitment to ISS
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HRP Integrated Research Plan (IRP) - Revision D
Exploration Medical Capability (ExMC)

Risk of Unacceptable Health and Mission Outcomes Due to Limitations of In-flight Medical Capabilities

HRP IRP Revision D
ExMC 5.0 Provide Enabling Capabilities - Gap: ExMC 5.01
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