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1. Overview

AMAC-DYN-001 is a proposed mathematical framework designed to represent anesthesia-induced
physiological changes as a dynamic, interconnected system.

The model integrates concepts from:
* Anesthesiology
* Pharmacokinetics
¢ Pharmacodynamics

e Cardiovascular physiology

Respiratory physiology

Resuscitation

Medical algebra

Differential calculus

Integral calculus
¢ Mathematical modeling
* Dynamic systems

* Clinical decision mathematics
The central concept is that anesthetic administration should not be considered only as an isolated
drug-to-effect relationship. Instead, anesthetic input may influence drug concentration,

pharmacodynamic effect, cardiovascular function, respiratory function, and subsequent clinical
interventions over time.

The proposed architecture can therefore be represented as:

Anesthetic Input = Drug Concentration = Pharmacodynamic Effect -» Physiological
Response — Clinical State — Intervention —» Subsequent Input

2. Scientific Status

AMAC-DYN-001 is currently a proposed theoretical mathematical framework.



It is not a validated clinical prediction model, clinical decision-support system, or approved medical
device.

The model contains two different categories of components.

Established Components

These include established physiological and mathematical relationships such as:
» Cardiac output
* Mean arterial pressure relationships
* Pharmacokinetic principles
* Pharmacodynamic models
¢ Compartment models
¢ Concentration-time relationships
* Differential equations

* Integral exposure calculations

Proposed AMAC Components
These include the proposed integration of multiple physiological domains into a unified dynamic
framework, including:

* AMAC-DYN-001 architecture

* AMAC Integrated Anesthesia-Resuscitation Dynamic Framework

¢ AMAC Cumulative Exposure Index (ACEI)

¢ AMAC-specific parameterization

* AMAC-specific model integration

e Future AMAC dynamic physiological indices

Any proposed AMAC-specific equation or index must be independently evaluated and validated before
being interpreted as a clinically established relationship.

3. Central Hypothesis

The central hypothesis of AMAC-DYN-001 is:

“Anesthesia-induced physiological changes can be represented as a time-dependent dynamic system in
which anesthetic input, pharmacokinetics, pharmacodynamics, cardiovascular function, respiratory

function, and clinical interventions interact continuously over time.”

Rather than representing the patient as a sequence of isolated measurements, AMAC-DYN-001
considers the patient as a dynamic physiological state.

4. Mathematical Architecture

The basic architecture is:



Input
{
Pharmacokinetics
{
Pharmacodynamics
!
Physiological Dynamics
{
Clinical State
{
Clinical Intervention
!

Feedback to Input

The general dynamic-system representation is:
d x(t) / dt = F(x(t), u(t), 8, &(t))

Where:
* X(t) = physiological state vector
* u(t) = external input
* 0 = model and patient parameters
¢ £(t) = unexplained variability or model error

¢ F = dynamic relationship governing the evolution of the system

The function F is intentionally left general in Version 1.0 and requires further specification,
parameterization, simulation, and validation.

5. Layer 1 — Anesthetic Input
The model begins with an external input:
u(t)

The input may represent, depending on the future model specification:
e Drug administration
¢ Infusion rate
* Bolus administration
* Anesthetic concentration
* Ventilatory intervention
* Fluid administration
* Vasopressor administration

¢ Inotropic support



* Other therapeutic interventions

For pharmacokinetic applications, the input may be represented as an infusion rate:

R(t)

6. Layer 2 — Pharmacokinetics
A simplified one-compartment representation may be written as:
dCp/dt = R(t)/vd — [CL/Vd]Cp

Where:
e Cp(t) = plasma drug concentration
e R(t) = drug input or infusion rate
* Vd = volume of distribution
e CL = clearance
e t =time

This equation represents established pharmacokinetic concepts and is not claimed as an original AMAC
equation.

More complex implementations may incorporate:
¢ One-compartment models
* Two-compartment models
* Multi-compartment models
 Effect-site compartments
* Inter-individual variability
¢ Covariate-based parameterization

e Time-varying parameters

7. Layer 3 — Pharmacodynamics
Drug concentration does not necessarily correspond directly to clinical effect.
The model therefore introduces:
E(t) = f(Cp(t))
A commonly used concentration-effect representation is the Emax relationship:
E(t) = EO + [Emax Cp(t)] / [EC50 + Cp(t)]

Where:
¢ E0O = baseline effect
« Emax = maximum modeled effect

¢ EC50 = concentration associated with 50% of maximum effect



e Cp(t) = plasma concentration

This represents an established class of pharmacodynamic modeling concepts.

8. Layer 4 — Cardiovascular Dynamics
The cardiovascular component begins with established physiological relationships.

Cardiac output may be represented as:

CO(t) = HR(t) x SV(t)

Where:
e CO = cardiac output
* HR = heart rate

¢ SV = stroke volume

A simplified relationship between mean arterial pressure and systemic vascular resistance can be
represented as:

MAP(t) = CO(t) x SVR(t)
Therefore:
MAP(t) = HR(t) x SV(t) x SVR(t)

Where:
* MAP = mean arterial pressure
* HR = heart rate
e SV = stroke volume

* SVR = systemic vascular resistance

These relationships represent established physiological concepts.

9. Anesthesia-Induced Cardiovascular Effects
AMAC-DYN-001 proposes representing anesthesia-associated changes as time-dependent functions.

For example:

HR(t) = HRO + AHR(E,t)
SV(t) = SVO + ASV(E,t)
SVR(t) = SVRO + ASVR(E,t)

Where:
* HRO = baseline heart rate
¢ SVO = baseline stroke volume

¢ SVRO = baseline systemic vascular resistance



* AHR = modeled change in heart rate
¢ ASV = modeled change in stroke volume
¢ ASVR = modeled change in systemic vascular resistance

* E = modeled pharmacodynamic effect

The specific functional relationships must be determined through future model development and
empirical validation.

10. Differential Calculus Layer
A central feature of AMAC-DYN-001 is the analysis of physiological variables as functions of time.
For example:
dMAP/dt
represents the rate of change of mean arterial pressure.
Similarly:
dHR/dt
represents the rate of change of heart rate.
And:
dCp/dt
represents the rate of change of plasma drug concentration.
This allows the model to move from static measurements toward dynamic physiological analysis.
The question changes from:
“What is the patient’'s MAP?”
to:

“How is the patient’s MAP changing over time?”

11. Physiological State Vector
AMAC-DYN-001 proposes a multidimensional physiological state vector:
x(t) = [Cp(t), HR(t), SV(t), SVR(t), MAP(t), VT(t), PaO2(t), PaCO2(t)]"

Where:
¢ Cp = plasma drug concentration
* HR = heart rate

e SV = stroke volume



* SVR = systemic vascular resistance
* MAP = mean arterial pressure

* VT = tidal volume

¢ Pa02 = arterial oxygen tension

e PaCO2 = arterial carbon dioxide tension

The exact variables included in the final model may change according to the intended application and

available clinical data.

12. Core Dynamic Equation
The proposed central equation is:

d x(t) / dt = F(x(t), u(t), 6, &(t))

This equation represents the general mathematical architecture of AMAC-DYN-001.

The novelty of AMAC-DYN-001 is not the use of differential equations or state-space notation alone.

Potential originality must instead arise from:
¢ The definition of the integrated physiological system
* The selection and interaction of variables
* The mathematical structure connecting physiological domains
* The parameterization strategy
* The model estimation method
¢ The validation methodology
¢ The predictive performance

* The ability to generalize across patient populations

13. Integral Calculus Layer
Integral calculus is introduced to quantify cumulative physiological exposure over time.
A general cumulative effect can be represented as:
Ecal(T) = [O~T E(t) dt
AMAC-DYN-001 proposes a potential index:

ACEI(T) = [O~T E(t) dt

AMAC Cumulative Exposure Index

ACEl — AMAC Cumulative Exposure Index

ACEIl is a proposed research index intended to represent the cumulative modeled pharmacodynamic

exposure over a defined time interval.



ACEl is currently:

Proposed — Not clinically validated.

Future research must determine:
* Whether ACEI has physiological meaning
* How it should be normalized
* Whether it is associated with clinical outcomes
¢ Whether it provides information beyond established PK/PD variables
¢ Whether it is reproducible

* Whether it generalizes across drugs and patient populations

14. Respiratory Extension
The framework may be expanded to respiratory physiology.

Potential variables include:
* Tidal volume
¢ Respiratory rate
* Minute ventilation
* Alveolar ventilation
* Oxygenation
* Carbon dioxide elimination
* Arterial oxygen tension
* Arterial carbon dioxide tension
e Airway pressure
* Compliance

e Resistance

A future respiratory subsystem may therefore be represented as:

d xresp(t) / dt = Fresp(xresp(t), uresp(t), Oresp)

This component requires separate physiological specification and validation.

15. Resuscitation Extension

AMAC-DYN-001 may be extended beyond anesthesia into resuscitation and critical care.
A resuscitation intervention may be represented as:

R(t)

Potential interventions include:
e Fluid administration

* Vasopressor administration



¢ Inotropic support

* Mechanical ventilation
¢ Oxygen therapy

* Defibrillation

¢ Other resuscitative interventions

The general system may therefore become:

d x/dt = F(x, u, R, 6, €)
This creates a unified theoretical structure for:

Anesthesia + Resuscitation + Critical Care

16. Feedback Architecture

The advanced version of AMAC-DYN-001 incorporates a feedback loop:

Drug / Intervention
{

Concentration / Physiological Input
l
Physiological Response
{
Measurement
{
Clinical State Assessment
l
Intervention
{

New Input
This may be represented conceptually as:
Input = Physiological Response - Measurement —» Adjustment = Input

The feedback architecture places the model within the broader field of dynamic systems and control
theory.

However, implementation as an automated clinical control system would require extensive independent
validation, safety evaluation, and regulatory assessment.

17. AMAC Integrated Anesthesia-Resuscitation Dynamic
Framework

The broader architecture is proposed as:



AMAC-IARD Framework

AMAC Integrated Anesthesia-Resuscitation Dynamic Framework
The framework integrates:

1. Anesthetic input

2. Pharmacokinetics

. Pharmacodynamics

. Cardiovascular dynamics

. Respiratory dynamics

. Physiological state estimation

. Resuscitative interventions

. Time-dependent response
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. Feedback mechanisms
10. Mathematical integration

11. Model validation

AMAC-DYN-001 represents the first proposed model within this framework.

18. Model Classification

Level 0 — Descriptive

Clinical description without mathematical modeling.

Level 1 — Algebraic

Use of equations describing physiological relationships.

Level 2 — Differential

Time-dependent differential equations are introduced.

Level 3 — Integrated Dynamic Model
Integration of:

* Algebra

« Differential calculus

* Integral calculus

* Pharmacokinetics

* Pharmacodynamics

» Cardiovascular physiology

* Respiratory physiology



« Probability

* Dynamic systems

AMAC-DYN-001 is intended to develop toward Level 3.

19. Model Parameters

Parameter — Description

Vd — Volume of distribution

CL — Clearance

EC50 — Half-maximal effect concentration
Emax — Maximum modeled effect

HRO — Baseline heart rate

SV0 — Baseline stroke volume

SVRO — Baseline systemic vascular resistance
MAPO — Baseline mean arterial pressure
R(t) — Drug infusion/input rate

u(t) — External model input

6 — Model parameter vector

€(t) — Model error/unexplained variability

The final parameter set must be determined by the specific model application.

20. Initial Conditions

A future implementation must define initial conditions such as:
x(0) = x0
Where x0 represents the patient’s initial physiological state.

Examples may include:
* |nitial drug concentration
* Baseline heart rate
* Baseline stroke volume
¢ Baseline blood pressure
* Baseline respiratory parameters
* Baseline oxygenation

e Baseline carbon dioxide level

Initial conditions must be defined according to the clinical scenario and available data.

21. Boundary Conditions



The model must also define appropriate boundary conditions.

These may include physiological constraints such as:
* Non-negative drug concentrations
* Physiologically meaningful pressure ranges
* Physiologically meaningful respiratory variables
* Drug-specific concentration limits

* Intervention-specific constraints

Boundary conditions must be explicitly defined during model development.

22. Model Validation Strategy

AMAC-DYN-001 should not be considered scientifically validated until it undergoes a structured
validation process.

Phase | — Mathematical Validation
Evaluate:

* Mathematical consistency

* Dimensional consistency

* Stability

* Parameter identifiability

¢ Boundary behavior

Phase Il — Computational Simulation
Evaluate:

* Model behavior

* Sensitivity to parameters

* Stability under different inputs

* Physiological plausibility

¢ Numerical robustness

Phase Ill — Retrospective Validation

Evaluate the model using previously collected clinical data.

Phase IV — External Validation

Evaluate the model using an independent dataset.

Phase V — Prospective Evaluation

If future development targets clinical application, prospective evaluation would be required.

Phase VI — Clinical and Regulatory Assessment

Any clinical decision-support implementation would require appropriate clinical, ethical, safety, and
regulatory evaluation.



23. Scientific Limitations

The current version has important limitations.

1. Several relationships are simplified representations of
complex physiology.

2. Physiological variables are highly interdependent.
3. Patient-specific parameters may vary substantially.

4. Drug pharmacokinetics may require multi-compartment
models.

5. Pharmacodynamic effects may be nonlinear.

6. Physiological responses may involve delays and feedback
mechanisms.

7. Measurement noise can influence model estimation.

8. Clinical interventions may introduce additional confounding
variables.

9. The proposed ACEIl index has not been validated.

10. AMAC-DYN-001 has not yet undergone human-data
validation.

11. No clinical outcome benefit has been established.

12. The framework must not be used as a substitute for clinical
judgment.

24. Scientific Classification of Components

Component — Scientific Status

Cardiac output relationship — Established physiological relationship
MAP-CO-SVR relationship — Established/simplified physiological relationship
Basic pharmacokinetic equations — Established modeling concepts
Emax model — Established pharmacodynamic modeling concept
Differential-equation representation — Established mathematical method
State-space representation — Established mathematical framework
AMAC-DYN-001 integrated architecture — Proposed AMAC framework
AMAC-IARD Framework — Proposed AMAC framework

ACEI — Proposed and unvalidated

AMAC-specific indices — Proposed and unvalidated

Clinical prediction — Not validated



Clinical decision support — Not validated or approved

25. Potential Research Applications

Future research may investigate whether AMAC-DYN-001 can be used for:
* Mathematical simulation of anesthesia
* Pharmacokinetic-pharmacodynamic analysis
* Hemodynamic modeling
* Respiratory modeling

* Dynamic physiological state estimation

Simulation of resuscitation

Model-based research

* Personalized physiological modeling
* Risk prediction

¢ Clinical research

¢ Educational simulation

¢ Computational anesthesiology

These applications remain research objectives rather than established clinical capabilities.

26. Future Development

AMAC-DYN-001 v1.1

Complete mathematical specification of the dynamic function F.

AMAC-DYN-001 v1.2

Cardiovascular subsystem.

AMAC-DYN-001 v1.3

Respiratory subsystem.

AMAC-DYN-001 v1.4

Pharmacokinetic-pharmacodynamic coupling.

AMAC-DYN-001 v2.0

Integrated multi-system model.

AMAC-DYN-001 v3.0

Data-driven parameter estimation and validation.
27. Proposed Research Questions

1. Can a unified mathematical model represent simultaneous
cardiovascular and respiratory responses to anesthesia?



2. Can time-dependent physiological variables improve
characterization of anesthetic response?

3. Can cumulative exposure metrics provide information beyond
instantaneous measurements?

4. Can patient-specific parameters improve model performance?
5. Can the model generalize across different anesthetic agents?
6. Can the model generalize across different patient populations?
7. Does the integrated model outperform simpler models?

8. Can the model support simulation-based clinical research?

28. Scientific Principle

AMAC-DYN-001 is based on the following principle:

Clinical Physiology + Mathematics + Time + Dynamic Modeling = Integrated Physiological
Representation

The objective is not to replace clinical reasoning with mathematics.

The objective is to create a mathematically explicit representation of physiological processes that can
be tested against real-world clinical data.

29. Research Integrity Statement

AMAC-DYN-001 distinguishes between established scientific knowledge and newly proposed AMAC
concepts.

Established equations and modeling approaches are identified as established scientific or physiological
concepts.

New AMAC-specific structures, indices, or equations are identified as proposed and require independent
mathematical, computational, and clinical validation.

No proposed AMAC model should be interpreted as a clinically validated law, diagnostic method,
therapeutic recommendation, or clinical decision-support tool until appropriate evidence has been
generated.
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