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Intrathoracic Pressure Regulation (IPR)

 Part of normal physiology

 Regulation of pressures 

inside the chest to harness 

the natural interactions 

that occur between 3 

critical body systems:

 Respiratory

 Circulatory

 Nervous

Pressure

• Negative Pressure

• Pulls fluid and air

towards the vacuum

 Positive Pressure

 Drives fluid and air 

away

Body System Interactions

Three body 

systems lie in close 

proximity to each 

other so changes in 

the RESPIRATORY

system can 

influence the 

CIRCULATORY

and NERVOUS

systems.

Example:

Spinal column has 

fluid filled sinuses 

that can transmit 

pressure in the 

chest to the brain. 
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Pressure in Head

Intracranial Pressure 

(ICP)

Pressure in Chest

Intrathoracic 

Pressure 

(ITP)

Effect of Intrathoracic Pressure

on ICP

Lowered resistance to 

forward blood flow, 

improves cerebral blood flow

Body at Rest
Normal Physiology

Diaphragm moves up; chest moves in 

creating POSITIVE PRESSURE

 Air - forced out

 Blood - forced away from chest

 ICP - increased

Diaphragm moves down; chest moves out 

creating NEGATIVE PRESSURE (VACUUM)

 Air - drawn in

 Blood - drawn back to chest

 ICP - lowered

What if we enhanced 

this vacuum?

Moreno et al. Respiratory regulation of splanchnic and systemic venous return. Am J Physiol 213:455-465, 1967. 

Inspiration

Effect of Intrathoracic Pressure

on Blood Flow

Intrathoracic 

Pressure 

(cmH2O)

Blood Flow, 

Abdominal 

Vena Cava

(l/min-1)

Body Under Stress/Exertion
Normal Physiology - Compensation

Example: Strenuous exercise
Problem: Increased metabolic demands
Tx: ENHANCE positive and negative pressures, 
AND increase heart rate
Delivered by: Breathing harder, faster and 
deeper; resulting in:
 Increased tidal volume 
 Increased cardiac output (CO) 
 Lowered ICP

Body in Trouble
Unable to Compensate

Body in Trouble
Unable to Compensate

What does the 

body try to do 

when it’s dying?
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IPR Therapy Impact

Normal Breathing Effect of IPR Therapy

Intrathoracic Pressure Regulation (IPR)
Harnessing the Thoracic Pump to Help the Body Help Itself

Positive Pressure

Body at 

Rest

Negative Pressure (Vacuum)Pressure in Chest:
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y  Air drawn in

 Blood drawn back

 ICP lowered

 Air goes out

 Blood forced out

 ICP increased

Intrathoracic Pressure Regulation (IPR)
Harnessing the Thoracic Pump to Help the Body Help Itself

Example: Strenuous Exercise

Problem:  metabolic demands
Tx: ENHANCED positive and negative pressures, AND  heart rate

Delivered by: Breathing harder, faster and deeper; resulting in:
  tidal volume   cardiac output (CO)   ICP

Positive Pressure

Body at 

Rest

Body 

Under 

Stress
(Compensating)

Negative Pressure (Vacuum)Pressure in Chest:
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 Blood forced out

 ICP increased

Intrathoracic Pressure Regulation (IPR)
Harnessing the Thoracic Pump to Help the Body Help Itself

Example: Strenuous Exercise

Problem:  metabolic demands
Tx: ENHANCED positive and negative pressures, AND  heart rate

Delivered by: Breathing harder, faster and deeper; resulting in:
  tidal volume   cardiac output (CO)   ICP

Positive Pressure

Body at 

Rest

Body 

Under 

Stress
(Compensating)
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Negative Pressure (Vacuum)Pressure in Chest:

Example: Pulmonary Edema

Problem: Too much fluid in lungs

Tx: Enhanced POSTIVE

pressure

Delivered by: CPAP & PPV
 Drives fluid out of the lungs

  preload & BP

Example: Shock or Cardiac Arrest

Problem: Inadequate circulation

Tx: Enhanced NEGATIVE pressure

Delivered by: ITDs
  preload & CO

  ICP   cerebral blood flow
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 Air drawn in

 Blood drawn back

 ICP lowered

 Air goes out

 Blood forced out

 ICP increased

How can we enhance this vacuum 

to help the body help itself?

Impedance Threshold Devices (ITDs)

to Enhance Circulation

Application

Spontaneously 
Breathing Patients with 

Low Blood Pressure
(Shock)

Patients Undergoing 
CPR During Cardiac 

Arrest 
(Profound Shock)

Mechanism for 
Enhancing the Vacuum

Create a slight amount 

of therapeutic 
resistance during 

inhalation

Prevent air from being

drawn in during chest 
wall recoil

Therapeutic Benefit of 
IPR Provided During

INHALATION CHEST WALL RECOIL

Product ResQGARD ITD ResQPOD ITD
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CPAP – Positive Intrathoracic Pressure

CPAP - Background
 Continuous Positive Airway Pressure (CPAP) 

and related technologies have been in use for 
since the 1940’ in respiratory failure. 

 It has been largely indicated  to assist patients 
with primary and secondary sleep apnea, and 
globally this continues to be its largest market. 

 In recent history (1980’s) it has found wide 
acceptance in hospital settings (usually CCU, 
ICU, and ERs) for patients suffering varying 
degrees of respiratory failure of a wide variety 
of origins. 

 Acute Pulmonary Edema (APE) most common

CPAP - Background

 CPAP is a non-invasive procedure that is easily 

applied in the pre-hospital setting.

 CPAP is an established therapeutic modality, 
well studied to reduce both mortality and 

morbidity.

 CPAP has been shown to be an preferable 

alternative to intubation in some patients.

History of CPAP
1912 - Maintenance of lung expansion during thoracic surgery (S. Brunnel)

1937 - High altitude flying to prevent hypoxemia. (Barach et al)

1967 - CPPB + IPPV to treat ARDS (Ashbaugh et al)

1971 - Term CPAP introduced, used to treat HMD in neonates 

(Gregory et al)

1972 - CPAP used to treat ARF (Civetta et al)

1973 - CPAP used to treat COPD (Barach et al)

1981 - Downs generator (Fried et al)

1982 - Modern definition of CPAP (Kielty et al)

Boussignac CPAP?
 1973- Boeing 707 crashed near Paris France

 125 fatalities, 3 survivors with severe respiratory 
trauma

 CPAP was not well known at the time.

 Mortality for these injuries was 100%

 Dr. Georges Boussignac, decided not to 
intubate these patients but to treat them 
instead with Non Invasive Ventilation (NIV) 
and an early form of CPAP.
 The original CPAP was a bag over the head with 

constant air flow at greater than atmospheric 
pressure.

Boussignac
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Oxypeep
Whisperflow Flow 

Generators

Emergent Products 

PortO2vent
CAREvent® ALS + CPAP

Airway and Respiratory Physiology

WOB
 Work of breathing (WOB) is respiratory effort to 

effect oxygenation and ventilation.

 Important aim of CPAP is to reduce work of 
breathing (WOB)
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Airway and Respiratory Physiology

WOB
 Signs of increased WOB:

 Dyspnea on Exertion (DOE)

 Speech Dyspnea

 Tripoding

 Orthopnea

 Accessory Muscle Use/Restractions

 Lung Sounds
 “Doorway Test”

 Silent Chest!!!!

Physiology of CPAP

Physiology of CPAP
 Airway pressure maintained at set level 

throughout inspiration and expiration

 Maintains patency of small airways and 
alveoli
 “Stents” small airways open

 “Distends” aveoli

 Improves delivery of bronchodilators
 By up to 80%

 Moves extracellular fluid into vasculature

 Improves gas exchange

 Reduces work of breathing

Physiology of CPAP : CPAP 
Mechanism

 Increases pressure 
within airway.

 Airways at risk for 
collapse from excess 
fluid are stented open.

 Gas exchange is 
maintained

 Increased work of 
breathing is minimized

Physiology of CPAP: Hypotension
 CPAP increases intrathoracic pressure

 This decreases cardiac output causing 

hypotension

 Therefore hypotensive patients may have are 

relatively contraindicated with CPAP...

Indications
For consideration (for patients <8) in moderate to 

severe respiratory distress secondary to:
 CHF/APE
 Acute Respiratory Failure
 asthma/reactive airway disease, 
 near drowning, 
 COPD,  
 acute pulmonary edema (cardiogenic and non 

cardiogenic), 
 pneumonia who present with any of the following:

 Pulse oximetry < 88% not improving with standard therapy 
 ETCO2 > 50mmHg
 Accessory muscle use / retractions
 Respiratory rate > 25
 Wheezes, rales, rhonchi
 Signs of respiratory fatigue or failure
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Other uses of CPAP

 ARDS

 Acute Respiratory Failure

 Anesthesia (Pre-Op and Post-Op)

 Atelectasis

 Alternative to Mechanical Ventilation

 Weaning from Mechanical Ventilation

 Left Ventricular Failure

 Renal Failure

 Sleep Apnea

Contraindications/Exclusion 
Criteria
 Physiologic

 Unconscious, Unresponsive, or inability to protect airway.

 Inability to sit up 
 Respiratory arrest or agonal respirations (Consider Intubation)

 Persistent nausea/vomiting
 Hypotension- Systolic Blood Pressure less than 90 mmHg

 Inability to obtain a good mask seal

 Pathologic
 Suspected Pneumothorax

 Shock associated with cardiac insufficiency
 Penetrating chest trauma

 Facial anomalies /trauma/burns
 Closed Head Injury

 Has active upper GI bleeding or history of recent gastric surgery
 Vomiting

Cautions
 History of Pulmonary Fibrosis

 Claustrophobia or unable to tolerate mask 
(after initial 1-2 minutes)
 Coaching essential

 Consider mild sedation

 Has failed at past attempts at noninvasive 
ventilation

 Complains of nausea or vomiting

 Has excessive secretions

 Has a facial deformity that prevents the use 
of CPAP 

Administration
 CPAP is measured in 

cm/H2O

 Start with device in the 
lowest setting, and 
titrate upward.

 Initial dose at 0-2 
cm/H2O

 Titrated up to*:
 10 cm/H2O MAX for CHF 

or,
 5 cm/H2O MAX for COPD, 

near drowning, and 
respiratory failure form 
other causes. 

•(* = defer to local protocol or medical control)

Selling CPAP?
 Placing CPAP is an anxiety inducing event in the 

hypoxic respiratory distressed patient!

 Verbally calming, coaching, and preparing 
(AKA: Selling) your patient on CPAP is essential

 Similar to calming a hyperventilation patient

Complications
 CPAP may drop BP due to increased intrathoracic pressure.

 A patient must have a systolic BP of at least 90mmHg to be a 
candidate for CPAP

 Increased Intrathoracic pressure means decreased ventricular 
filling and increased afterload, thus decreasing cardiac output 
and blood pressure. 

 Providers should be comfortable giving a CPAP patient NTG If they 
are too hypotensive for NTG, then they are too hypotensive for 
CPAP.

 Risk of pneumothorax
 Increased intrathoracic pressure = increased risk
 Higher in Asthmatics and COPD

 Gastric Distention, and vomiting
 Strongly consider placement of a gastric tube (if in scope of 

practice)

 Risk of corneal drying
 High volumes of air blowing at eyes, especially on long transports. 
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Discontinuing of CPAP
 CPAP therapy needs to be continuous and should 

not be removed unless the patient:

 cannot tolerate the mask, success of tolerance to 
the treatment increased with proper coaching by 
EMS crew

 requires suctioning or airway intervention, 

 experiences continued or worsening respiratory 
failure, 

 Develops severe hypotension

 or a pneumothorax is suspected. 

 Intermittent positive pressure ventilation and/or 
intubation should be considered if patient is 
removed from CPAP therapy.

45

ResQGARD Product Summary

 Studies have shown the ResQGARD offers a fast, 
non-invasive way to increase blood pressure 

(BP) by up to 30% in patients suffering from 
hypotension or shock

46

Hypotension/Shock

 Life-threatening medical condition

 Decrease in tissue perfusion so it is inadequate 

to meet cellular metabolic needs

 Hinders the delivery of blood and nutrients 

 Stops the tissues from functioning properly

 Hypoperfusional state

47

Prevalence

 10% of all hospital admissions from the ED are 

hypotensive

 Hemorrhage contributes to:

 50% of all combat fatalities

 80% of all civilian trauma fatalities

 Hypotension occurs in 20 - 30% of all dialysis 
patients

 50% of all patients experience hypotension after 

anesthesia

48

Consequence

 ED study found that hypotensive patients had:

 Increased chance of dying 

 Increased from 3 to 8%

 10x more likely to have sudden and unexpected 

death

 National Trauma Database showed that:

 Mortality increases 4.8% for every 10 mmHg drop in 

systolic blood pressure

 Mortality increases for dialysis patients 

 Post operative hypotension contributes to 
morbidity

49
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Treatment for Shock

 Key to survival and 

quality of life is to 
maintain 

adequate blood 
flow to vital organs 

until the cause 
can be treated

 Fluids

 Vasopressors

 Positioning

 Mast

50

Fluids

 IV/IO

 Time

 Difficult 

 Require large 

quantities to 
increase blood 

pressure

 May cause more 
harm by fluid 

overloading

51

Vasopressors

 Given IV/IO

 Constrict vessel to increase blood pressure

 Levophed

 Dopamine

 Dobutamine

 Increases heart rate – myocardial oxygen 

consumption

 Takes time to wear off

52

Positioning

 Trendelenburg

 Head down/feet 

up

 Blood return to 

core

 May cause 
respiratory distress

53

MAST 

 Military Anti-Shock 

Trousers

 Velcro pants that 
compress fluid 

from lower 
extremities and 

pelvis to core

54

ResQGARD

 Harnesses the body’s 
natural physiology

 Safe and non-invasive

 Greater vacuum in the 
chest (typically -7 
cmH2O) 

 Greater 
preload/cardiac output 

 “Sucking your blood 
pressure up”

 Lowering intracranial 
pressure (ICP) 

55
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How ResQGARD Works

56

Indications

 Patients experiencing low blood circulation or 

hypotension from a variety of causes such as:

 Blood loss

 Orthostatic intolerance

 Heat Shock

 Dehydration

 Dialysis

 Sepsis

 Patients who would benefit from fluids

57

Contraindications

 Dilated cardiomyopathy

 Congestive heart failure

 Aortic stenosis

 Chest pain

 Pulmonary hypertension

 Flail chest

 Shortness of breath

 Patients who would benefit from CPAP

58

Precautionary Use

 Penetrating chest 

injury with on-
going, 

uncontrolled 
blood loss

59

Negative Inspiratory Pressure versus 

Continuous Positive Airway Pressure 
DIFFERENCES Between 

Therapies

CPAP ResQGARD

DIFFERENCES Between Therapies

Therapy

Delivers continuous POSITVE airway 

pressure to help 

force fluid out of the lungs

Optimizes the NEGAITIVE airway 

pressure to enhance blood flow

Effect on Blood Pressure Tends to lower blood pressure Tends to increase blood pressure

Intended Patient Population
Patients who would benefit from 

DECREASED preload (e.g. CHF)

Patient who would benefit from 

INCREASED preload

SIMILARITIES Between Therapies

How Administered May be administered with facemask and supplemental oxygen

Patient Coaching
Therapy will make it a little harder for the patient to breathe in order to feel 

better. Coaching the patient prior to application will help.

Cost of Therapy Similar

Treatment Approach Non-invasive approach preferred over invasive approach

60

Clinical Features and Benefits

 Rapidly increases circulation non-invasively  

without fluids or medications

 Can be used concurrently with other therapies 
such as IV fluids, vasopressors, patient positioning

 Easy to discontinue therapy

 Compatible with mouthpiece or facemask

 Latex free

 Single patient use

 Allows for up to 15 lpm of supplemental oxygen 

delivery

61
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ResQGARD on a Facemask

 Connect the ResQGARD to 
the facemask

 Explain to the patient that 
they will feel slight resistance 
when inhaling. This means 
the device is working and 
helping to improve blood 
flow

 Hold the mask over the nose 
and mouth maintaining a 
tight facemask seal. The 
ResQSTRAP can be used to 
hold the ResQGARD in place

 Breathe in slowly (over 2 – 3 
seconds) and deeply; 
exhale normally

 If supplemental oxygen is 
desired, connect the oxygen 
tubing to the port and 
deliver up to 15 lpm

62

ResQGARD on a Facemask

 Monitor vital signs 
frequently

 Remove the ResQGARD 
when blood pressure 
rises to and stabilizes at 
an acceptable level or 
if the patient does not 
tolerate.

 Reapply if blood 
pressure drops again

 End tidal carbon 
dioxide (ETCO2) sensors 
may be placed on the 
ResQGARD’s expiratory 
port if ETCO2 monitoring 
is desired

63

Key Study Summary

 Over 35 published clinical trials, animal studies and 

review articles 

 Many in collaboration with NASA

 US Department of Defense 

 ResQGARD works to rapidly and non-invasively 
increase blood pressure from a variety of etiologies 

 In 2008, the ResQGARD received the US Army’s 

SBIR Achievement Award for the technology’s 
application in the non-invasive treatment of 

hemorrhagic shock

64

San Antonio ResQGARD Study

 Six month prospective nonrandomized 

observational cohort study 

 Paramedics received 30 -45 minutes of 
training on patient selection and application 

of the ITD

San Antonio FD ResQGARD 

Results
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San Antonio ResQGARD Study 

conclusion

 The ITD was easily assimilated into the 

standard bundle of care for the treatment 

of hypotensive patients

 A significant increase in blood pressure 

was observed in the overall cohort

 Importantly for the trauma cohort, the ITD 

did not restore “normal” blood pressure, 

but continued to allow for permissive 

hypotension

 ResQGARD was generally well tolerated

ResQPOD 

 Enhances circulation 

during CPR

 Regulates pressures 
within the chest

 Doubles blood flow to 
the heart

 Increases blood flow 

to the brain by 50%

70

• Increases the rate of survival with favorable 

neurological outcomes by 25% or more

Sudden Cardiac Arrest
 Sudden cardiac arrest 

(SCA)
 Heart suddenly stops 

pumping blood

 Brain damage and death 

 Major public health 
problem
 Leading cause of death
 1000 people outside the 

hospital and 1000 
people inside the 
hospital experience 
daily in the US

 300,000 Americans 
experience out-of-
hospital cardiac arrest 
annually

 Equivalent to 3 fully-loaded 
747 jets crashing daily

71

Cardio Pulmonary Resuscitation

 Ineffective 

 20-30% of normal 
cardiac output

 Low national 
survival rates

 Often strikes 
people in the 
prime of life

72

How CPR Works

73
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Cardiac Pump Theory

 CARDIAC PUMP Theory:

 Heart squeezed 

between sternum and 

spine

 Pushed blood out of 

heart to body

74

Thoracic Pump Theory

 THORACIC PUMP

Theory:

 POSITIVE PRESSURE 

generated causes:

 Blood to be expelled 
(CARDIAC OUTPUT)

 Air to exit the lungs

 Intracranial pressure 
(ICP) to rise

75

Chest Recoil Phase

 Chest relaxes creating 

negative pressure 
(vacuum)

 Vacuum works like a 

suction to draw blood 
back to heart  

(preload) 

 Lowers ICP

76

Negative Pressure

 Very important

 Enhanced negative 
pressure = more 
vacuum

 More blood to 
heart (preload)

 Increased blood 
sent to body by 
heart (cardiac 
output)

77

How CPR Circulates Blood

78

Inefficiencies of CPR

 Provides only:

 20 – 30% of normal 

blood flow to the 

BRAIN

 10 – 20% of normal 

blood flow to the 

HEART

 3 inherent 

inefficiencies 

79
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First Inefficiency 
 Chest wall relaxations causes negative pressure

 As the chest wall relaxes air rushes into chest 

thru an open airway

 Diminishing the negative pressure = decreased 

preload and cardiac output

80

First Inefficiency

Similar to 

sucking on a 

straw with a 

hole in it

81

Second Inefficiency

 Incomplete chest wall recoil due to provider 

fatigue, Stiff chest wall, or fractured ribs

 Causes less negative pressure = decreased 

preload and cardiac output

82

Third InefficiencyRate of:

• Chest Compressions 

• Positive pressure 
ventilation

83

ResQPOD

 Impedance 

Threshold Device

 Corrects the first 
inefficiency of CPR

 Increased preload 
and cardiac 

output

84

Effect of Inspiratory Impedance

85

Conventional CPR CPR with ITD

Vacuum is Limited Vacuum is Enhanced 
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Chest Compression Device

 Chest compression 
device not 
ventilation device

 Works in the 
ventilation circuit

 Provides 
therapeutic 
benefit with each 
chest recoil

86 87

Timing Lights

 Corrects second 
inefficiency

 Flashes 10 times per 
min
 Appropriate 

ventilation rate with 
airway

 Appropriate chest 
compression rate 
 10 per flash

 On/off switch 
 off with facemask 

 on with advanced 
airway

88

How to Use the ResQPOD

 Face Mask

 Advanced Airway

 Standard ISO 
Connections

 Demand Valve

 Ventilator

 BVM

 Mouth to Mask

89

Usage

 Place ETCO2 
detector or sensor 
between the 
ResQPOD and the 
ventilation source

 If fluids come up 
into the ResQPOD 
clear by removing 
and use ventilation 
source to blow it out

 Remove the 
ResQPOD when 
compressions are no 
longer required
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High Quality CPR

 Begin using the ResQPOD and performing chest 
compressions as soon as cardiac arrest is confirmed. 
Do not delay chest compressions!

 Remove the ResQPOD if a pulse returns.

 Ventilate over one (1) second (until chest rises) with 
both secured and unsecured airways; do not 
hyperventilate!

 Assure that the chest wall recoils completely after 
each compression.

 Provide chest compressions at a depth of 2” and a 
rate of at least 100/min. 

 Use timing assist lights to guide the chest compression 
and ventilation rates.

 Avoid unnecessary delays or interruptions in chest 
compressions.
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Clinical Benefits

 Increases survival 
rates of cardiac arrest 
by 25% or more

 Doubles blood flow to 
the heart

 Increases blood flow 
to the brain by 50%

 Doubles systolic blood 
pressure

 Provides benefit in all 
cardiac arrest rhythms

 Lowers ICP
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Questions


