SPACE MEDICINE

i T Surgical Emergencies in Space: Management and Protocol
| Development for Artemis and Martian Missions ». |

Zachary Mattice, Rlchard Scheuring DO, Jon Henderson MD, Danielle Anderson DPT, ‘

Danielle Carroll MD AR

Uniformed Services University of Health Sciences - Bethesda, MD - - | AT 4
NASA Johnson Space Center, Houston, TX : : _ - BV

f BACKGROUND \ a KEY FINDINGS N (O ) (o~ ) M DecisionTree .

As human spaceflight expands to Lunar and Martian missions, medical Terrestrial data and meta-analyses show NOM of uncomplicated Suspected Acute

care must evolve from evacuation-based support to autonomous, in-mission appendicitis achieves initial success in ~7O_9(.)% o cases, ol recurrence | Appendicitis

capability. Surgical emergencies pose high-risk threats to crew health (LOC) rates reach up to 46%, and over 30% of patients ultimately require DIAGNOSTIC TR LT \ S

and mission (LOM). While non-operative management (NOM) has shown . surgery due to symptom progression, antibiotic resistance, or presence of LIMITATIONS Gas anesthesia delivery /

success on Earth, its reliability in space is limited. High recurrence/crossover =In Epipeelselin, Viveseieline fEEs S mission-crieel In Speee, Hinsle - Limitedtoonly s problems in microgravity

rates from Earth-based trials (appendicitis) are also of particular concern. crossover Is often not feasible and even modest recurrence or complication K ultrasound =\ / DIAGNOSTICS | Mgﬁigg\/ll\éﬁﬁ ]
NASA's medical models (IMM, IMPACT) identify 20 reversible surgical | rates may be operationally unacceptable. Takeaway: While NOM is ‘ o - R

attractive for resource-limited settings, Earth-based outcomes data suggest
that reliable surgical capability must be considered in spaceflight

Physical Exam

conditions likely to occur during long-duration missions, with appendicitis and
Ultrasound

[ US-Guided ]

non-fatal trauma serving as the prototypical use cases. This review R S e el - - e Ty COMPLICATED? Drainage
synthesizes data from 140 peer-reviewed studies across aerospace medicine, medical planning 1o mitigate uhacceptable fallure and recurrence risks. P - 5 [ PERDE T ]
surgery, immunology, systems engineering and biochemistry to propose a , . - \ / Frank Peritonitis P 24
. Validated Outcomes of Non-Operative Management for Acute Appendicitis NOM Success (%) A dicolith .
space-adapted surgical framework. | i y | ecurence Unsuccessful ppendicoli
OBJECTIVES ' ' e (o (o SU RG|CAL LOG|8T|CAL linical improvement Perforation [ Mini-Laparotomy ]
S — I — - - o | m—Mortality (NOM) (%) , Abscess
] ] ] ] ] ] . 63.8% 3 Comparison of CONSTRAI NTS IN SPACE In 24h \ - )

« Characterize the most likely and highest-risk surgical emergencies during _cof— [ e R MmaEE | i e el R A ' LT A o

long-duration spaceflight using appendicitis as a model condition s Major Trate 0% . S A e - A \
- Evaluate the limitations of NOM in microgravity environments based on N < i1 1 B i R 1 - Summayonon - . “\‘\ S ~N NON-OPERATIVE |

outcomes from Earth-based trials ST B E—— P e USRI e over | ' MANAGEMENT (P e THEBER ATIVE\
- Develop space-adapted clinical protocols for diagnosis, triage, operative = l 5usn compieatons, anc . : ! \

I I d ' 0% N \‘ \I N mortality from,key trials A . . IV Ant|b|0t|CS _ : CARE AND

|ntervent|0n, an recovery . q,é;\ fl’é@ (LQ,\,Q q/@:b (e.g., APPAC, CODA, = REHABILITATION
 Integrate Al-based decision support tools (AlI-CDSTs), modular surgical > RS RS ) e Thonlgnys high STERILITY POSTOP RECOVERY ‘ - . v,

systems, and wearable biosensors into in-mission surgical care e aa & e SuUcalinstriment [ PO Antibiotics ]

) ) 4 & E“;gjgiraﬁgn“rgisgiggg UL Challenges astronauts

* Propose a scalable framework for autonomous surgical readiness / o - sterilization in the space face during recovery

applicable to NASA, Artemis, and future Mars missions 4 \ oy environment \ without gravity support //

~

@udies from \ {References from other sources A PHYS'OLOG|C @URGK:AL READINESS TOOLS\

SURGICAL PROTOCOL DEVELOPMENT
databases/registers (n = 21500) (n =10) CHANGES IN Al-Clinical Decision Support Tools CONDITION SPECIFIC CHECKLISTS = Each of the top 20 most likely
= Citati hi =10 - A Dynami -specific guidance to aid : . : S
Embase (n = 6696) ltation searching (n=10) - . YIELIIG, Ealses psEls glullgelnts ue el surgical conditions will have stepwise triage protocol
PubMed (n = 5569) _ Grey literature (n = 0) Y SPACE _CrteW mtdlagtﬂoéll?ll?\?nd I?Ig\jl)geduf:al steps; - Signs/symptoms, imaging and biomarkers for diagnostic recognition
Web of Science (n = 5042) ' ntegrate wi or Hivis sottware, RISK STRATIFICATION ALGORITHMS => Bayesian models for surgical risk
a EBSCO (n =3283) LRl pled s MBI ETE prediction in microgravity using physiologic and operational data
L ] _ . ..
LL Cochrane Library (n = 501) / \ Crew Medical Training Modules L
E Cochrane Library (Ovid) (n = References removed (n = 7387) IMMUNE SYSTEM Just-in-time simulation; VR/AR modules PHASED OPERAT.IVE DECISION TREES 9 Flowcharts for Fran.S'tlonmg
m ) y SUPPRESSION AND for high-acuity, low-frequency scenarios from non-operative to operative care with embedded criteria
- - : £ TELE-SURGICAL AND TELEMONITORING PROTOCOLS - Delay-tolerant
Duplicates identified manually MICROBIOME Ultrasound & Diagnostic Platforms : : o
_ ) _ autonomous procedural guidance with remote support with local
(n= Q) _ B DISRUPTION Compact, rugged, US units with Al ATl
Duplicates identified by support; augmented reality overlay for S :
Covidence (n = 7387) anatomy recognition in zero-G INTFGRATED SURGICAL SAFETY PROTOCOLS . Rf)oted in WHO or DoD
Marked as ineligible by surgical safety checklists, adapted to resource limited/autonomous
automation tools (n = 0) Sterility Maintenance Systems environment
vt _ Microgravity-compatible field sterilization
Other reasons (n=0 g
\ ( ) / RADIATION EXPOSURE kits; enclosed, negative-pressure -
EFFECTS procedural domes and irrigation LI
"R e Crew Physiologic Monitoring DISCUSSION AND CONCLUSIONS
c c 0 0 / -
Studies screened (n = 14113) Studies excluded (n = 13814) C.c:rr:t’:nuodu.s Al-lntegr;te? monlgqutl_ﬁg e Surgical emergencies like appendicitis and trauma represent mission-critical risks !
. with frending, wearable 1or predictive | during long-duration spaceflight. Microgravity alters immunity, wound healing, and
l anaIySIS - £ | drugefficacy—undermining the success of non-operative management. This review
WOUND HEALING AND L T R outlines a scalable protocol for autonomous surgical care, grounded in evidence and
Studies sought for retrieval . . / POST_OPERA‘“VE CARE (\ tailored to the operational constraints of space:
a 2 Studies not retrieved (n = 5) INFECTION CONTROL : . . . . . .
L] (n =299) Stage POD # Activities e Structured diagnostic algorithms integrating symptom progression, biosensor
LL : _ _ trends, and Al decision support with escalation criteria to surgical intervention
E l Phase | -1 Pain control, breathing exercises « Telerobotic capabilities or surgically trained crew members
LLI ] _ . oye ' N _ o g c q
T Studies assessed for elgibilty /Stud|es excluded (n = 154) for- \ Phase Il E4D. 30m g2h, soft diet, mobility | z::;crzﬁgrnei:p:ic;:;cgfaa\;t; and modular enclosures designed for safe, sterile
(n = 294) Setting (n = 26) Phase IIIA Resistance bands, flywheel . . _ _ N
Outcomes (n = 23) PHARMACOLOGIC Phase IlIB Functional/cognitive assessments Post.-t?peratlzjle recm(;ery pro.tc:]colsl,'l, atl’l.?.nec.l t0 pc?lst—op day (P.(d)Dgl fbor mOblhgly'
Indication (n = 1) ALTERATIONS . nutrition, and wound care with rehabilitation milestones guided by wearable
Intervention (n = 2) Phase IVA - Grip strength, redo assessments biosensors and cognitive tools to track recovery without ICU-level oversight
Study Design (n = 98) ) Phase IVB Functional progression Surgical capability is no longer optional for exploration-class missions. Embedding
\Patient Population (n = 4) / : ) All Stages VAV Tt N e N M e a ol |+ | standardized, autonomous, and space-adapted protocols will be essential to protect
\ ) L ' ‘vew health, reduce mission risk, and sustain human presence beyond Earth.
‘ NUTRITIONAL N — . ‘ —
o PP CONSIDERATIONS
2w Studies '(nnC: 13 O)'n review AND METABOLIC RESOURCES
Z DEMANDS 140 Literature Works Cited in manuscript
T o { OO Tl b o
§1 9. 725 ‘ 5 VY A et A R P ol s Lt P




	Slide 1

