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Physiological Closed-Loop Control
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MEASURING TRANSFER ELEMENT I
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IEC 2068707

VARIABLES

MANIPULATED VARIABLE

REFERENCE VARIABLE

ERROR VARIABLE

CONTROLLER OUTPUT VARIABLE
FEEDBACK VARIABLE

CONTROLLED PHYSIOLOGIC VARIABLE
FPATIENT DISTURBANCE VARIABLE
COMMAND VARIABLE

From IEC 60601-1-10 2020

If practicable, the
MANUFACTURER shall
develop and use a
mathematical model to
characterize

the PATIENT TRANSFER
ELEMENT.
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Why Computational Modelling?

1. FDA requires computational
modelling to evaluate PCLC systems

(IEC 60601-1-10:2020")

« Essential to receive Investigational Device
Exemption (IDE)

2. Before using a computational model,
the credibility of the model must be

assessed:
- ASME V&V 402/ FDA Draft Guidance3

IEC 60601-1-10-2020: General requirements for basic safety and essential performance — Collateral Standard: Requirements for the development of physiologic closed-

loop controllers
ASME V&V 40-2018: Assessing Credibility of Computational Modeling through Verification and Validation: Application to Medical Devices.

Assessing the Credibility of Computational Modeling and Simulation in Medical Device Submissions. FDA Draft Guidance issued December 2021.
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ASME V&YV 40-2018: Assessing Credibility of Computational
Modeling through V&V: Application to Medical Devices

« “Risk-Informed Credibility Assessment Framework”

Question of

Establish Risk-Informed Credibility

Credibility Activities
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Question of Interest
What does your controller do?¢

Context of Use

« Who are the users?¢
« Whatis the clinical

environmente

« Who are the patients?

Model Risk Matrix

Documentation
and evidence

Q

S | HIGH 3

ik}

3

o

S |MEDIUM| 2

c

=

L

&

2| Low 1 2 3
LOW |MEDIUM | HIGH

Model Influence

ZOLL Medical



Cardiopulmonary Model

A. Patient-Ventilator
System

B. Gas Exchange Model
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C. Pneumatic & Hydraulic Circuit Models
(electrical analogy)
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Clinical Validation f
erature
. Models only contain physiology =" |
that the developer includes \
» The problem is over-specified, so _Pooled
the model should be able to MSmi.fD
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Digital Clinical Trials
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Exploring Ventilation during Hemorrhage using modeling

75

Animals were bled to a MAP of 55 mmHg
and provided mechanical ventilation at 70
PEEP values of 5, 10, or 15 cmH,0O
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Simulations included
* 50% blood loss
* 50% blood loss and increased
pulmonary vascular resistance
* 50% blood loss and increased
pulmonary and systemic vascular
resistance

50% BV + PVR + SVR
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Some Final Thoughts

- PCLC medical devices will be force multipliers
« Clinicians vs Machines and regulatory agencies
« Regulatory agencies need to be an early part of the discussion

« Academic — Industry — Government collaboration is necessary to
break new ground
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