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Executive Summary 

Operational Readiness and Human Sustainment Initiative 

The Problem 

Operational personnel experience a measurable decline in performance—15–40 %—under 

combined conditions of sleep deprivation, dehydration, pain, and trauma stress. 

These physiological deficits compound over time, degrading decision accuracy, endurance, 

and survivability. 

Despite advanced protective gear and logistics, the human factor remains the single greatest 

vulnerability in field operations. 

The Solution 

karē introduces an integrated physiological optimization ecosystem engineered to sustain core 

human functions during high-stress missions. 

The ecosystem provides real-time support for hydration, recovery, and stabilization, ensuring 

that the body maintains optimal readiness even under extreme or prolonged operational 

conditions. 

This approach transforms medical response into proactive physiological management, bridging 

the gap between peak performance and survival. 

Quantified Impact 

Validated military and biomedical data (USARIEM, WRAIR, DHA 2023–2025) indicate that 

integrated management of sleep, hydration, and recovery can: 

• Extend effective performance window by 1.5–2.25 hours under continuous operations. 

• Reduce fatigue-related incidents and heat exhaustion by 40–50 %. 

• Improve decision-making accuracy by up to 30 %. 
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• Decrease preventable evacuations and medical downtime by ~20 %. 

Strategic Alignment 

This initiative directly supports the Department of Defense Human Performance Optimization, 

Tactical Medical Automation, and Prolonged Field Care priorities. 

By transforming reactive care into integrated sustainment, karē’s ecosystem establishes a new 

operational standard—extending endurance, preserving life, and redefining readiness. 

Physiological Impact of Sleep Loss on Operational 

Performance 

Problem 

Sleep deprivation is one of the most persistent and performance-limiting challenges affecting 

U.S. service members. The Department of Defense recommends a minimum of seven hours of 

sleep per 24-hour period; however, operational data show that most personnel average five to 

six hours or less during active deployment (GAO, 2024). 

According to the Defense Health Agency (DHA, 2025), nearly 14 % of active-duty personnel 

have a diagnosed sleep disorder such as insomnia or obstructive sleep apnea, leading to 

measurable declines in cognitive speed, emotional regulation, and reaction accuracy. The 

RAND Health and Readiness Survey and U.S. Army Research Institute of Environmental 

Medicine (USARIEM) report that chronic fatigue contributes directly to higher injury rates, 

slower target acquisition, and greater risk of error during high-stress missions. 

Field conditions worsen this deficit: irregular schedules, sustained noise, heat exposure, and 

caffeine dependence all disrupt circadian rhythm. The result is fragmented sleep, impaired 

thermoregulation, and reduced resilience, which collectively lower mission endurance and 

increase non-combat medical evacuations (DHA 2025; GAO 2024). 

In short, fatigue has become a readiness gap that reduces decision-making accuracy, shortens 

attention span, and heightens the likelihood of preventable incidents in the field. 



karē Corp 
Jonathan López, MD 
Founder & CEO 

Solution 

Improving sleep quality—even without increasing total sleep time—has been shown to deliver 

rapid, measurable gains in operational performance. Controlled military and aerospace 

research demonstrates that when personnel recover just 20–30 % more restorative sleep, the 

following outcomes occur: 

• +25–35 % faster cognitive reaction times and situational response accuracy (USARIEM 

2023). 

• +30 % improvement in decision-making accuracy under stress (Walter Reed Army 

Institute of Research, Sleep Readiness Program). 

• +15–20 % improvement in marksmanship and spatial awareness after sleep 

optimization interventions (Army Aeromedical Research Lab, 2022). 

• 40–50 % reduction in fatigue-related incidents and heat exhaustion across extended 

operations (GAO 2024; DHA Readiness Report 2025). 

• 20 % reduction in absenteeism and medical evacuations attributed to exhaustion (DHA 

2025). 

Integrating a controlled physiological recovery system that stabilizes circadian rhythm, 

enhances deep-sleep continuity, and improves overnight thermoregulation can effectively 

restore the equivalent of 1.5–2 additional hours of restorative rest per cycle. 

Modeling from USARIEM and WRAIR indicates this could translate into a 10–15 % increase in 

mission endurance and a significant drop in preventable fatigue-related injuries—improving 

readiness without adding logistical weight or operational risk. 

Summary 

Addressing fatigue is not a comfort initiative—it is a force readiness investment. By restoring 

high-quality sleep through physiological regulation, operational units can recover hours of 

alertness, strengthen decision accuracy, and reduce injury risk, producing a quantifiable return 

in mission endurance, survivability, and overall human resilience. 
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Physiological Consequences of Dehydration and Thermal 
Strain in Operational Environments 
Problem 

Dehydration and thermal stress remain among the most under-addressed physiological threats 

in military operations. Research from the U.S. Army Research Institute of Environmental 

Medicine (USARIEM, 2023) shows that even a 2–3 % loss of body mass from dehydration 

leads to measurable reductions in cardiac output, muscle perfusion, and heat tolerance. 

The Defense Health Agency (2024) reports that heat exhaustion and heatstroke remain among 

the top non-combat medical incidents across all branches, particularly in high-humidity and 

desert training environments. 

According to Army Public Health Center climate surveillance data (2024), 84 % of major U.S. 

installations now experience more days per year classified as “high thermal risk,” which directly 

increases physiological load, fatigue, and dehydration rates. 

The combined effects of hyperthermia and hypohydration act synergistically—each worsening 

the impact of the other—resulting in impaired thermoregulation, increased oxidative stress, and 

reduced cognitive and physical endurance (Sawka et al., J Appl Physiol, 2015; Casa et al., 

Curr Sports Med Rep, 2022). 

Ultimately, inadequate hydration under heat exposure is not a comfort issue but a mission-

limiting physiological bottleneck, directly correlated with decreased decision accuracy, motor 

coordination, and time to exhaustion. 

Solution 

An advanced hydration support and thermal regulation system can sustain operational 

performance by maintaining fluid balance and physiological stability in extreme environments. 

The platform operates as a real-time physiological management tool, complementing oral 

hydration and extending its effectiveness under heat and exertion. 
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Core capabilities include: 

• Continuous low-rate fluid support to maintain plasma stability and delay dehydration 

during prolonged activity. 

• Adaptive algorithms that adjust hydration levels according to environmental heat, 

workload, and physiological feedback. 

• Integrated thermal monitoring to modulate delivery in response to rising body 

temperature and prevent heat-related strain. 

• Synergistic operation with oral hydration, amplifying fluid retention and optimizing 

recovery without increasing logistical demand. 

This approach aligns with USARIEM, NIOSH, and DHA Public Health recommendations for 

heat-injury prevention and field readiness, providing a quantifiable improvement in endurance, 

resilience, and mission sustainability. 

Summary 

Maintaining hydration in the field is not simply about water intake—it is about preserving 

osmotic and thermal equilibrium. 

By integrating continuous micro-hydration support with adaptive regulation, operators can 

extend heat tolerance, delay fatigue onset, and reduce heat-related medical incidents by 30–

50 %, as projected from field data in USARIEM thermal strain models (2023). 

This represents a direct and quantifiable gain in endurance, survivability, and mission 

readiness. 

Physiological Dynamics of Hemorrhage Control and 
Trauma Response in Combat Operations 

Problem 

Uncontrolled bleeding remains the leading preventable cause of death on the battlefield. 

According to the Joint Trauma System (JTS, 2023), exsanguination accounts for over 90 % of 

potentially survivable combat fatalities, most occurring before definitive medical care. Data 
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from DoD’s Committee on Tactical Combat Casualty Care (CoTCCC, 2024) indicate that 

delays as short as five minutes in hemorrhage control can reduce survival probability by 25–40 

%. 

Although training and tourniquet adoption have reduced mortality, significant gaps persist in 

internal and junctional hemorrhage, where standard mechanical measures are ineffective. 

Current hemostatic dressings and TXA (tranexamic acid) protocols require intravenous or 

intramuscular administration, limiting their use during the “platinum ten minutes” of trauma 

response. 

Environmental and operational constraints—limited medics, reduced visibility, or 

chemical/ballistic contamination—often prevent immediate administration of life-saving 

interventions. The result is a critical temporal gap between injury and pharmacologic 

stabilization, where blood loss and shock cascade beyond recoverable thresholds (Eastridge 

et al., J Trauma Acute Care Surg, 2022). 

In essence, despite major advances in TCCC, the first 10 minutes of hemorrhage remain 

largely unprotected pharmacologically, representing a persistent and measurable survivability 

deficit. 

Solution 

A next-generation trauma stabilization module can bridge the critical gap between injury and 

medical intervention by initiating immediate hemostatic and physiological support in the 

moments following trauma. 

The system integrates autonomous micro-infusion technology capable of providing controlled 

hemorrhage stabilization and pain mitigation even before evacuation or advanced care. 

Core capabilities include: 

• Automated activation protocols that initiate hemostatic response upon detection of injury 

or manual trigger. 
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• Integrated pain modulation support to minimize shock and maintain cognitive 

awareness under extreme stress. 

• Smart safety algorithms that regulate administration parameters and prevent overlap 

between therapeutic functions. 

• Data telemetry and feedback for post-event analysis and system validation in field 

conditions. 

This approach directly supports the Joint Trauma System’s survivability objectives (JTS, 2023) 

and the Defense Health Agency’s Tactical Medical Automation initiative (DHA, 2025), aligning 

with DoD efforts to extend the golden hour and reduce preventable battlefield fatalities. 

Summary 

Trauma survivability depends not only on training but on speed, accessibility, and physiological 

readiness. 

A system capable of autonomous or user-triggered pharmacologic support during the critical 

minutes after injury could redefine combat casualty care—buying time where none currently 

exists. 

This approach aligns directly with DoD modernization priorities in Tactical Medical Automation, 

Prolonged Field Care, and Human Sustainment (Defense Health Agency, 2025), representing 

a decisive leap in battlefield survivability architecture. 

Autonomous Pain Modulation and Analgesic Delivery 
for Tactical Operations 

Problem 

Pain is a universal and mission-critical physiological stressor in combat environments. It is the 

second-leading cause of medical evacuation after hemorrhage, accounting for nearly 30 % of 

non-fatal evacuations in recent U.S. military operations (DHA, 2024). 
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According to the Joint Trauma System (JTS, 2023), unmanaged acute pain following injury 

triggers a cascade of sympathetic activation—tachycardia, hypertension, and increased 

oxygen demand—which can accelerate hypovolemia and shock, reducing survivability even 

when bleeding is controlled. 

Field conditions compound the challenge: limited medics, delayed evacuation times, and 

environmental barriers (darkness, contamination, kinetic threat) often delay opioid 

administration. 

The Committee on Tactical Combat Casualty Care (CoTCCC, 2024) reports that up to 60 % of 

wounded soldiers experience moderate to severe pain before reaching definitive care, and 

more than half receive no pharmacologic pain control within the first hour post-injury. 

Beyond suffering, pain directly impairs cognition and operational function. Studies by the 

Walter Reed Army Institute of Research (WRAIR, 2022) show that untreated acute pain 

decreases working memory accuracy by 20–25 %, slows reaction times by ~30 %, and 

disrupts fine-motor coordination critical for self-rescue and weapon handling. 

In short, uncontrolled pain is both a medical emergency and an operational liability, degrading 

performance and survival odds during the most critical phase of field response. 

Solution 

A next-generation autonomous pain modulation system can deliver controlled and continuous 

relief in the field without IV access or constant medic supervision. 

The platform is designed to provide targeted subcutaneous analgesia through micro-infusion 

modules capable of adjusting dosage dynamically based on pain level, mission context, and 

physiological data. 

The system integrates: 

• Automated delivery control to ensure precision and prevent overdosing. 



karē Corp 
Jonathan López, MD 
Founder & CEO 

• Adaptive response algorithms that adjust infusion according to vital signs and 

operational stress. 

• Multimodal pain management capability, enabling both immediate and sustained relief 

within a single wearable unit. 

• Telemetry feedback and safety interlocks that enhance situational awareness for 

medical personnel and enable performance analytics post-mission. 

By enabling rapid and safe pain stabilization at the point of injury, this approach aligns with 

DoD Pain Management Strategy (2023) and Tactical Combat Casualty Care guidelines 

(CoTCCC, 2024). It ensures operational continuity, reduces physiological shock, and increases 

survivability during prolonged field care scenarios. 

Summary 

Pain management in combat is not about comfort—it is about preserving physiological stability 

and mission functionality. 

An autonomous subcutaneous analgesic module enables rapid, safe, and continuous relief 

under chaotic conditions, reducing sympathetic overdrive, improving decision accuracy, and 

stabilizing vital parameters. 

This approach aligns with the DoD Pain Management Strategy (2023) and CoTCCC analgesia 

protocols, representing a medically sound, technologically feasible enhancement to current 

field-care capabilities—bridging the gap between injury and survival. 

Extended Impact 

Beyond direct performance metrics, restoring physiological stability across sleep, hydration, 

pain, and trauma pathways has significant secondary benefits on behavioral health and long-

term force sustainability. 

Research from the Defense Health Agency (2024) and WRAIR Behavioral Health Division 

(2023) indicates that chronic fatigue, unrelieved pain, and thermal stress are major predictors 
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of maladaptive coping behaviors, including misuse of stimulants, alcohol, and other 

substances within operational populations. 

By stabilizing baseline physiology and improving recovery cycles, the system indirectly 

mitigates these behavioral risks—reducing psychological strain, improving morale, and 

supporting long-term retention and readiness. 

This represents not only a tactical performance enhancement, but a strategic investment in 

human resilience—strengthening both the immediate mission and the future health of the 

force. 

Global Summary 

Optimizing human physiology under operational stress represents one of the most impactful 

and scalable frontiers in defense medicine. 

By systematically addressing the four primary performance-limiting domains—sleep 

deprivation, dehydration and thermal strain, hemorrhage response, and pain modulation—this 

initiative directly strengthens the body’s ability to sustain, recover, and adapt under extreme 

field conditions. 

Decades of evidence from the Department of Defense, USARIEM, and WRAIR show that 

these physiological stressors each degrade performance by 15–40 %, depending on 

environmental intensity, mission duration, and individual baseline. 

When combined, their effects become exponentially more debilitating, leading to rapid declines 

in decision accuracy, endurance, and survivability. 

The integration of controlled physiological support across these domains creates a measurable 

reversal of this degradation: 

• Stabilized sleep cycles restore reaction speed, cognition, and emotional regulation. 

• Sustained hydration and thermoregulation extend operational endurance and delay 

heat-induced collapse. 
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• Automated trauma-response support enables immediate stabilization assistance within 

the golden hour, reducing preventable fatalities through faster intervention. 

• Autonomous pain management support maintains stability and responsiveness, 

activating only under defined safety parameters or loss of manual control. 

Together, these systems reframe the human operator as a managed biological platform, not a 

passive casualty of environment and fatigue. 

Modeling from DHA and USARIEM readiness data (2023–2025) indicates that reducing 

cumulative physiological stress by even 20–30 % can restore 10–15 % of mission-effective 

capacity across deployed units—equivalent to regaining one full hour of peak performance for 

every six hours of sustained operation. 

Beyond immediate performance, these interventions produce significant secondary benefits in 

behavioral health and long-term resilience. 

Studies from the Defense Health Agency (2024) and WRAIR Behavioral Health Division (2023) 

demonstrate that chronic fatigue, pain, and thermal strain strongly correlate with increased risk 

of stimulant misuse, alcohol dependence, and psychological burnout. 

By stabilizing physiology and recovery cycles, this system indirectly mitigates those behavioral 

vulnerabilities—reducing stress load, enhancing morale, and promoting sustained retention 

and readiness across the force. 

Ultimately, this framework establishes a new standard in human sustainment—transforming 

reactive medical response into proactive physiological optimization. 

It aligns directly with the Department of Defense’s modernization objectives in Human 

Performance, Prolonged Field Care, and Tactical Medical Automation, representing a 

measurable advancement in both combat effectiveness and long-term human resilience. 
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