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Mars
at start

Earth
at start

Earth at landing

Spacecraft
at landing

Spacecraft
at start
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The entire experience 
of our species fits into 
that blue dot.

Adapted from S. Love, E. Nelson, Mars Mission Concept of Operations, Aug 2016  
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Observation Hill
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1911 - 1912
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Can we just use what we already know?



How is medical care provided in mission?

• Live remote guidance

\

• Live monitoring

• Store and forward

• Autonomous
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Can be up to 150 people working the first 1 hour of a critical situation
MCC Staffing

Early 2000s 2019
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What does autonomous mean?



Fire and Toxic Exposure



Near Drowning in EVA
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SANS – adaptation or pathology?
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Urinary Tract Infections and Sepsis
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In-flight Post-void 
Ultrasound

Ground Post-void 
Ultrasound



Exploration Medical Conditions
SKIN

Burns secondary to Fire
Skin Abrasion
Skin Laceration

EYES
Acute Glaucoma
Eye Corneal Ulcer
Eye Infection
Retinal Detachment
Eye Abrasion
Eye Chemical Burn
Eye Penetration

EARS, NOSE, THROAT
Barotrauma (sinus block)
Nasal Congestion (SA)
Nosebleed (SA)
Acute Sinusitis
Hearing Loss
Otitis Externa
Otitis Media
Pharyngitis

DENTAL
Abscess
Caries
Exposed Pulp
Tooth Loss
Crown Loss
Filling Loss

CARDIOVASCULAR
Angina/Myocardial Infarction
Atrial Fibrillation / Atrial Flutter
Cardiogenic Shock secondary to 
Myocardial Infarction
Hypertension
Sudden Cardiac Arrest
Traumatic Hypovolemic Shock

GASTROINTESTINAL
Constipation (SA)
Abdominal Injury
Acute Cholecystitis
Acute Diverticulitis
Acute Pancreatitis
Appendicitis
Diarrhea
Gastroenteritis
Hemorrhoids
Indigestion
Small Bowel Obstruction

PULMONARY
Choking/Obstructed Airway
Respiratory Infection
Toxic Exposure:  Ammonia
Smoke Inhalation
Chest Injury

*SA – Space Adaptation

NEUROLOGIC
Space Motion Sickness (SA)
Head Injury
Seizures
Headache
Stroke
Paresthesia
Headache (SA)
Neurogenic Shock
VIIP/SANS (SA)

MUSKULOSKELETAL
Back Pain (SA)
Abdominal Wall Hernia
Acute Arthritis
Back Injury
Ankle Sprain/Strain
Elbow Dislocation
Elbow Sprain/Strain
Finger Dislocation
Fingernail Delamination (EVA)
Hip Sprain/Strain
Hip/Proximal Femur Fracture
Knee Sprain/Strain
Lower Extremity Stress fracture
Lumbar Spine Fracture
Shoulder Dislocation
Shoulder Sprain/Strain
Acute Compartment Syndrome
Neck Injury
Wrist Sprain/Strain
Wrist Fracture

PSYCHIATRIC
Insomnia (Space Adaptation)
Late Insomnia
Anxiety
Behavioral Emergency
Depression

GENITOURINARY
Abnormal Uterine Bleeding
Acute Prostatitis
Nephrolithiasis
Urinary Incontinence (SA)
Urinary Retention (SA)
Vaginal Yeast Infection

INFECTION
Herpes Zoster (shingles)
Influenza
Mouth Ulcer
Sepsis
Skin Infection
Urinary Tract Infection

IMMUNE
Allergic Reaction
Anaphylaxis
Skin Rash
Medication Reaction

ENVIRONMENT
Acute Radiation Syndrome
Altitude Sickness
Decompression Sickness (EVA)
Headache (CO2) 20



Hazards of Spaceflight
Hazards Drive Human Spaceflight Risks
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Altered Gravity -
Physiological Changes

Distance from earth 

Hostile/
Closed Environment

Space Radiation

Isolation & Confinement
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Progressive Earth Independence

• Real Time Communications
• Evacuation Capability (1.5 – 36 hrs)
• ‘Strong’ Consumables Resupply

• Near Real Time Communications
• Evacuation Capability (3-11 days)
• Limited Consumables Resupply

• No Real Time Communications
• No Evacuation Capability
• No Consumables Resupply

Increasing exposure to Hazards



23Source: SCaN Team (M.Seibert, J.Schier, D.Abraham, D.Cornwell, G.Fujikawa)
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Legend:
X-band Earth link (7.2 GHz up; 8.4 GHz down)
UHF relay link (435-450 MHz up; 390-405 MHz down)

ESA Mars Express
Orbit: 330 x 10,530 km
Inclination: 93°

Odyssey
Orbit: 400 km sun synch
Inclination: 87°

MAVEN
Orbit: 150 x 4500 km
Inclination: 74°

MRO
Orbit: 255 x 320 sun-synch
Inclination: 93°

NASA Deep Space Network 

Mission Ops Centers (MOC)

Terrestrial Comm

ESA ESTRACK Network 

3 sites

3 sites

ISRO Mars Orbiter Mission
Orbit: 423 x 80,000 km
Inclination: 150°

Indian Deep Space Network (IDSN)

1 site

Curiosity

MOC
Terrestrial Comm

MOC
Terrestrial Comm

ESA Trace Gas Orbiter
Orbit: 400 km sun-synch
Inclination: 74°

Source: SCaN Team (M.Seibert, J.Schier, D.Abraham, D.Cornwell, G.Fujikawa)



Consumables Resupply
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Current Operational Models Sufficient
For Pharmacy Provision

Current Operational Models Inadequate
For Pharmacy Provision

26-41 days 190-221 days 1 year 2 years 3 years

100% 100% 100%? 80%? 16%?

Gateway-Artemis
2024

Mars Transfer Vehicle
2027

Precursor
2029

Mars
2033



Return to Gravity



A Word about Risk
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Bagian, JAMA Neurology January, 2019 

These results 
include all factors
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How do we validate tech for our environment?



8:05 AM

How do we provide up to date knowledge support?
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Behavioral MedicalPharmacy

Performance Nutrition Sleep

Environment

Phone Home

Training CMO Only

Notional

Laboratory

Diagnosis

Equipment Imaging

Procedures

EMR Dashboard

Inventory

References

Medical

A Crew Health and Performance System
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Data Sources Layer Data Storage Layer Analytical Layer User InterfaceDiscovery & Analytics

Structured

Unstructured

Streams

Health Records

Medical Records

Clinical Trials

Other ….

Medical devices

Monitoring System 

Images

Logs & Notes

Exercise Machine

Bio Sensors

Env. Sensors

Other ….

Other ….
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Curiosity Rover January 2014
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