Case Study — Long-Term Ventilation

With Variable PSV

Case: A 73-year old male patient, while working in his garden,

fell about 12 feet from a ladder. He was found by his wife

who called an ambulance. When the paramedics arrived, he was

observed to have an oxygen saturation SpO, of 65 %. The patient

was then intubated and ventilated.
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DIAGNOSIS AND INITIAL TREATMENT

Due to a suspected right-sided tension pneumothorax,
thoracic suction was applied and the patient brought to
the emergency department of the University Hospital
Dresden, where a radiological examination was performed.
The examination revealed a right-side hemopneumothorax,
bilateral rib fractures, a sternal fracture, and fractures

of thoracic vertebra T4 and T11. After surgical treatment
and internal stabilization of the 11th thoracic vertebra,

the patient was moved to the surgical intensive care unit
where volume-controlled ventilation was applied.

He was placed under the care of an intensivist. As a result
of the pleural effusions, atelectasis, and tracheobronchitis,
the patient started showing signs of respiratory insufficiency
with pronounced hypoxemia (PaO,/FiO,=173).

As expected, proper oxygenation and ventilation would

be difficult to maintain because the multiple fractures,
unstable thorax, and resultant paradoxical breathing.

Window for activating Variable Pressure Support in the Evita Infinity V500
ventilator. In addition to setting the support pressure (APsupp), as with
conventional pressure support ventilation, the variability of the pressure
support (Pressure Var.) can be set in a range from 0-100%. Pressure Var.
(in percentage) refers to the range in which APsupp can vary.

Since APsupp values are subject to normal distribution, the coefficient

of variation is approx. 17% (50%/3) at a Pressure Var = 50%.
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METHOD

The spontaneous breathing of the patient was first
supported with conventional pressure support ventilation
(PSV) and a constant support pressure of 10 cmH,O,

flow trigger = 3.0 I/min, PEEP =12 cmH,O and FiO, = 0.4.
This made it possible to achieve an average tidal volume
of 514 ml and a respiratory frequency of 21/min, which in
turn resulted in a minute volume of 10.8 I/min, a PaO,/FiO,
of 250 and a PaCO, of 63.1 mmHg. Given the reduced
variability in tidal volume, which was about 10 % and thus
significantly lower than the variability of the tidal volume

in spontaneously breathing patients (approximately 26 %)’
as well as the difficulty of finding the right support
pressure for the patient, which at the same time provided
some relief and allowed an adequate gas exchange,

the ventilation mode was switched to variable pressure
support.
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The chest x-ray revealed a left-side pleural effusion with adjacent partial
atelectasis, right basal partial atelectasis, a right thorax suction drainage
with the tip projecting toward the right midfield and right thoracic
subcutaneous emphysema.

Mechanical ventilation was supported with a Dréger Evita
Infinity V500 SW 2.n* ventilator. The ventilator is equipped
with the new Variable Pressure Support option. Variable
pressure support provides the ability to apply distributed
pressure support within defined limits stochastically, i.e.,
randomly, as described by Gama de Abreu and cowor-
kers. In case of variable pressure support, the desired
degree of pressure support variability is set in addition to
the usual pressure support parameters (e.g., ramp, cycle
off criterion, trigger and pressure support). This results in
a breathing pattern where the level of pressure support
varies from breath to breath.

The support pressure variability was initially set to 90 %
(range adjustable from 0-100 %). With a value, for example,
of 100 %, the pressure support would amount to a mini-
mum of 0 cmH,O and a maximum of twice the pressure
support value, with the extreme values occurring only very
rarely. The specified pressure support variability of 90 %
resulted in a coefficient of variation of 30 % in the support
pressure. The reason for this is that, with a normal dis-
tribution, these two variables (variability of the support
pressure and coefficient of variation) have a ratio of
about 3:1. Since all the other ventilator settings remained
unchanged, this setting resulted in a tidal volume of
approximately 530 ml (average).

* in countries the product name ist Infinity Acute Care System Workstation
Critical Care

Six weeks after the previous admittance and assisted spontaneous
breathing with pressure support ventilation, the lung conditions improved
and the patient was transferred to a rehabilitation clinic.

RESULT

Compliance was improved by approximately 20 % during
the initial first hour, while the gas exchange parameters
with a PaO,/FiO, of 248 and a PaCO, of 50 mmHg
remained almost constant. Over a period of approximately
seven hours, the pressure support variability was reduced
to 60 % and maintained at that level.

Over a period of ten days, the patient was treated
successfully with a variable pressure support of 8 cmH,0
and variability in the range of 40-60 % while continuing to
suffer from persistent thoracic instability. The patient was
tracheotomized before his transfer to a rehabilitation
hospital. Conventional pressure support ventilation was
used then only intermittently to reduce the work of
breathing, since the severly fatigued respiratory muscles
would recover over a lengthy period of time.



SUMMARY

The critical finding of this case is that while using variable
pressure support - different, randomly generated pressure
support values could be applied during a long-term
weaning period. This was made possible in spite of the
variability of the patient's spontaneous breathing being
affected by the unstable thorax. The use of variable pressure
support avoided having to make frequent changes to the
ventilator settings to ensure the patient felt comfortable,
the gas exchange was adequate, and compliance of the
respiratory system improved as well.

Key conclusions:

- Variable pressure support leads to increased variability
of the tidal volume which is similar to spontaneous
respiration variability.

- Using variable pressure support required fewer ventilator
adjustments and thus relieves staff from constant need
to adjust parameters.

- With variable pressure support, it was possible to cover
a wide range of ventilation pressures by optimizing
the gas exchange and increasing patient comfort levels.
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Expectations for the future use of variable pressure

support

- Variable pressure support makes it possible to reduce
pressure support compared to traditional pressure
support ventilation, thus allowing for faster weaning.

- Since different pressure support values are generated,
the always changing needs of the patient could be better
met in terms of respiratory support.

- Variable pressure support could help to reduce the
number of necessary assisted ventilation adjustments.

- Variable pressure support could replace traditional
pressure support ventilation.

Brief description of the general research situation
According to experimental studies, variable pressure sup-
port leads to better oxygenation, lower airway pressures,
and fewer ventilator-associated lung injuries compared to
traditional pressure support ventilation. >**

Additionally, the breathing effort with variable pressure
support is lower than with traditional pressure support
ventilation and proportional assist ventilation (proportional
pressure support).®

Early clinical experiences suggest that variable pressure
support can cover a wide range of pressure support to
meet the needs of the patient.

4, Carvalho AR, Spieth PM, Giildner A, Cuevas M,
Carvalho NC, Beda A, Spieth S, Stroczynski C,
Wiedemann B, Koch T, Pelosi P, de Abreu MG:
Distribution of regional lung aeration and perfusion
during conventional and noisy pressure support
ventilation in experimental lung injury. J Appl Physiol
2011; 110: 1083-92

5. Spieth P, Giildner A, Beda A, Carvalho NC, Nowack
T, Krause A, Rentzsch |, Suchantke S, Thal S,
Engelhard K, Kasper M, Koch E, Pelosi P, Gama de
Abreu M: Comparative effects of proportional assist
and variable pressure support ventilation on lung
function and damage in experimental lung injury.
Crit Care Med; in press




4| CASE STUDY - LONG-TERM VENTILATION WITH VARIABLE PSV

Professional Career

- Chief physician at the Department of Anesthesiology and
Intensive Care, University Hospital Carl Gustav Carus
(Medical Director: Prof. Dr. med. T. Koch)

- Executive Senior Physician for Clinical and Experimental
Research at the Department of Anesthesiology and
Intensive Care, University Hospital Carl Gustav Carus
(Medical Director: Prof. Dr. med. T. Koch)

- Managing Senior Physician at the Department of

Anesthesiology and Intensive Care Medicine at the

o
S
g
<
Py
o
54
®
=]

Prof. Dr. med. habil. Marcelo Gama de Abreu, DEWA
Managing Chief Physician at the Department

of Anesthesiology and Intensive Care Medicine
(Director: Prof. Dr. med. Thea Koch),

University Hospital Carl Gustav Carus, TU Dresden

Academic Career
— Electronic Engineering Degree
(Federal University of Rio de Janeiro - UFRJ)

University Hospital Carl Gustav Carus (Medical Director:
Prof. Dr. med. T. Koch)

— Member of management of the Department of

Anesthesiology and Intensive Care, University Hospital
Carl Gustav Carus, Dresden, Germany

- Member of the management of the University Hospital

Carl Gustav Carus (advisory body to the medical board
of the University Hospital Carl Gustav Carus)

- Elected member of the Research Committee of the

European Society of Anesthesiology, Brussels, Belgium

- Chairman of the Subcommittee Respiration (SC5) of the

European Society of Anesthesiology, Brussels, Belgium

- Medical Studies

(University of the State of Rio de Janeiro — UERJ)
- Master of Science in Biomedical Engineering
(Federal University of Rio de Janeiro - UFRJ)

- PhD at the University of Heidelberg

- Post-doctoral work and supernumerary professor

at the Technical University of Dresden

CORPORATE HEADQUARTERS
Drégerwerk AG & Co. KGaA
Moislinger Allee 53-55

23558 Liibeck, Germany

www.draeger.com

Manufacturer:

Drager Medical GmbH
Moislinger Allee 53-55
23558 Liibeck, Germany

As of August 2015:
Dréger Medical GmbH changes
to Drigerwerk AG & Co. KGaA.

REGION EUROPE CENTRAL
AND EUROPE NORTH
Driger Medical GmbH
Moislinger Allee 53-55
23558 Libeck, Germany
Tel +49 451 882 0

Fax +49 451 882 2080
info@draeger.com

REGION EUROPE SOUTH

Dréger Médical S.A.S.

Parc de Haute Technologie d’Antony 2
25, rue Georges Besse

92182 Antony Cedex, France

Tel +33 1 46 11 56 00

Fax +33 1 40 96 97 20
dimfr-contact@draeger.com

REGION MIDDLE EAST, AFRICA

Dréger Medical GmbH
Branch Office

P.O. Box 505108

Dubai, United Arab Emirates
Tel +971 4 4294 600

Fax +971 4 4294 699
contactuae@draeger.com

REGION ASIA / PACIFIC
Draeger Medical

South East Asia Pte Ltd.

25 International Business Park
#04-27/29 German Centre
Singapore 609916, Singapore
Tel +65 6572 4388

Fax +65 6572 4399
asia.pacific@draeger.com

REGION NORTH AMERICA
Draeger Medical, Inc.

3135 Quarry Road

Telford, PA 18969-1042, USA
Tel +1 215 721 5400
Toll-free +1 800 437 2437
Fax +1 215 723 5935
info.usa@draeger.com

REGION CENTRAL
AND SOUTH AMERICA

Driager Panama Comercial S. de R.L.

Complejo Business Park,
V tower, 10th floor
Panama City

Tel +507 377 9100

Fax +507 377 9130
contactcsa@draeger.com

90 67 773 | 15.03-2 | Communications & Sales Marketing | PP | LE | Printed in Germany | Chlorine-free — environmentally compatible | Subject to modifications | ® 2015 Dragerwerk AG & Co. KGaA



