Physiologic Ventilation in Modern Critical Care

The Role of Negative Pressure Ventilation in Supporting Lung Recovery,
Cardiopulmonary Stability, and Care Continuity

Abstract

Critical care teams are under increasing pressure to improve outcomes in patients with
respiratory failure while reducing complications, length of stay, and readmissions.
Persistent challenges—including impaired lung volumes, oxygenation instability,
respiratory muscle deconditioning, secretion retention, and limited discharge pathways—
continue to complicate recovery even with advanced supportive technologies.

Negative pressure ventilation (NPV), including biphasic cuirass ventilation (BCV) delivered
by systems such as the Hayek RTX Biphasic Cuirass Ventilator, offers a physiology-aligned
approach to respiratory support by generating ventilation through controlled changes in
extrathoracic pressure. This mechanism supports thoracic expansion, promotes lung
recruitment, and may help restore functional residual capacity (FRC), a central
determinant of alveolar stability and oxygenation.

Clinical experience suggests that, when applied appropriately, NPV may improve
oxygenation metrics, reduce work of breathing, enhance secretion clearance, and support
more stable cardiopulmonary dynamics. Its noninvasive nature and portability also allow
use across multiple care settings, from ICU stabilization through recovery and into the
home.

This paper examines key pain points in adult critical care and presents NPV as a versatile,
patient-centered tool that may support earlier stabilization, facilitate ventilator liberation,
and extend respiratory care beyond the hospital—aligning with modern priorities of
efficiency, recovery, and long-term patient outcomes.

Key Question

Can earlier and more deliberate use of negative pressure ventilation improve clinical
trajectories in adult critical care by restoring lung volumes, stabilizing respiratory
function, and enabling recovery across the continuum of care?

The Opportunity in Critical Care



Despite continued advances, several core challenges persist across ICU populations:
e Difficulty maintaining stable lung volumes and oxygenation
¢ High work of breathing during recovery phases
¢ Delayed liberation from ventilatory support
e Secretion retention and impaired airway clearance
¢ Hemodynamic variability during respiratory support
e Prolonged ICU and hospital length of stay
e Limited discharge options for patients needing ongoing support
o High rates of respiratory-related readmissions

These challenges are not isolated—they are interconnected and often driven by disruption
of normal respiratory physiology, particularly loss of functional residual capacity (FRC)
and inefficient lung recruitment.

A Physiology-Aligned Approach

Negative pressure ventilation supports breathing by expanding the thoracic cavity
externally, creating airflow through natural pressure gradients.

This approach directly supports key physiologic targets:
Restoration of Functional Residual Capacity (FRC)

o Stabilizes alveoli

¢ Improves oxygenation efficiency

o Reduces atelectasis
Lung Recruitment and Ventilation Distribution

¢ Promotes expansion of dependent lung regions

e Supports more uniform ventilation

¢ Enhances ventilation-perfusion matching
Reduction in Work of Breathing

e Assists inspiratory effort



e Supports respiratory muscle recovery

¢ Mayreduce tachypnea and physiologic stress
Cardiopulmonary Stability

e Supports natural intrathoracic pressure dynamics

e May contribute to more stable hemodynamics in selected patients

Clinical Impact Areas
1. Early Stabilization and Intubation Avoidance

Early application of NPV may help stabilize patients experiencing respiratory compromise
by:

e restoring lung volumes
e improving oxygenation indices (P/F, S/F ratios)
¢ reducing work of breathing

In selected patients, this may support clinical stabilization and reduce progression to more
invasive interventions.

2. Support for Difficult-to-Wean Patients

Patients recovering from respiratory failure often require a gradual transition to
independent breathing.

NPV may support this process by:
e assisting ventilation while preserving respiratory muscle activity
¢ maintaining lung volumes during spontaneous breathing
¢ reducing physiologic stress during weaning

This positions NPV as a potential bridge between full support and independence.

3. Lung Recruitment and Volume Restoration

Loss of lung volume is a major contributor to prolonged recovery.



NPV directly addresses this through:
e thoracic expansion—driven lung inflation
e recruitment of under-ventilated lung regions
e stabilization of alveoli across respiratory cycles

These effects are closely tied to improved gas exchange and reduced ventilatory demand.

4. Secretion Clearance and Airway Health
Effective airway clearance is critical for recovery and prevention of complications.
NPV may support this through:

¢ enhanced airflow dynamics

e improved cough effectiveness

e integrated secretion clearance modes

e These features are particularly relevant in patients with:

e retained secretions

e chronic airway disease

e conditions such as bronchiectasis

5. Continuum of Care and Discharge Pathways
Recovery from respiratory failure often extends beyond the ICU.

NPV systems, including the Hayek RTX Biphasic Cuirass Ventilator, are designed to support
use across care settings:

ICU > step-down - rehabilitation > home
This flexibility may:

¢ expand discharge options

e support earlier transitions out of ICU

¢ ehable continued respiratory support during recovery



e contribute to reduced readmissions

6. Patient-Centered Recovery

Because ventilation is delivered externally without airway instrumentation, patients may,
when appropriate:

e communicate
e eatanddrink
e participate in early mobilization

These factors support comfort, engagement, and rehabilitation, particularly in prolonged
or complex recoveries.

ICU Pain Points and the Role of NPV

ICU Challenge How NPV May Help Address It

Loss of lung volume (v FRC) Supports restoration of physiologic lung volumes
Impaired oxygenation Improves VQ matching and gas exchange

High work of breathing Assists ventilation and reduces physiologic demand

Difficult ventilator/ECMO liberation Supports transition to spontaneous breathing

Secretion retention Enhances airway clearance and cough effectiveness
Hemodynamic instability Supports natural cardiopulmonary interactions
Prolonged ICU stays Enables earlier step-down and recovery progression
Limited discharge options Extends support into lower-acuity and home settings
Readmissions Supports ongoing respiratory stability post-discharge

Integrating Negative Pressure Ventilation

Negative pressure ventilation can be applied:



as a primary noninvasive support modality in selected patients

as a transitional therapy during recovery and weaning

as an adjunct to other respiratory support strategies

as a continuity tool extending care beyond the ICU

This flexibility allows clinicians to incorporate NPV into existing care pathways without
disruption, while addressing persistent physiologic challenges.

Conclusion

Modern critical care is increasingly focused not only on survival, but on how efficiently
and completely patients recover.

Persistent challenges—including impaired lung volumes, delayed ventilator liberation,
secretion retention, and limited post-ICU support—highlight the need for approaches that
address the underlying physiology of respiratory failure, not just its symptoms.

Negative pressure ventilation offers a physiology-aligned, patient-centered approach
that directly supports lung recruitment, restoration of functional residual capacity, and
stabilization of breathing mechanics. When applied appropriately, it may assistin early
stabilization, support difficult weaning processes, enhance airway clearance, and extend
respiratory support across the continuum of care.

Its ability to be used flexibly—from ICU to home—positions it as a tool aligned with
healthcare priorities of reducing length of stay, expanding discharge options, and
preventing readmissions.

The key opportunity may lie in earlier and more deliberate application.

By integrating negative pressure ventilation into modern critical care pathways, clinicians
may gain an additional means of influencing not only immediate respiratory stability, but
the overall trajectory of recovery.



