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Index Case  1987

“CPR: the P Stands for 
Plumber’s Helper”

Lurie et al
JAMA 1990



CPR, Shock, TBI(?)
Index Case

Cardiac arrest Hypotension Hypotension/TBI?
CPR Breathing Pt Non-breathing Pt

ResQGard® CirQLator ®

ResQVent ® 
ResQPOD®

ResQPump®

LUCAS®LUCAS®



Objectives

Describe the impedance threshold deviceDescribe the impedance threshold device 
(ITD) for cardiac arrest

Describe the ITD for spontaneously p y
breathing hypotensive patients

Describe Intrathoracic Pressure Regulation 
The p fo pnei p tientTherapy for apneic patients



Benefits of Inspiratory Impedancep y p

Conventional CPR Conventional CPR + ITD

Ventilation
Ventilation

Enhanced Vacuum

Chest Compressions Chest Compressions

Lower intrathoracic pressures improve refilling 

after each chest compression and also lowers ICP



Using an ITDg

7



H D t Bl d PHuman Data: Blood Pressure
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Control Intervention P-value Odds Ratio  
(95% CI)(95% CI)

ROSC 30.4% 
(535/1757)

34.1% 
(586/1719) 0.022

1.18      
ROSC (535/1757) (586/1719) 0.022

(1.022, 1.366)

Hospital 9.7% 12.6% 0 007
1.34      p

Discharge (170/1757) (216/1719) 0.007
(1.078, 1.671)

HD (VF) 19.0% 31.1% 0 001
1.91      

HD (VF) 19.0% 
(85/447)

31.1% 
(128/412) <0.001

(1.384, 2.667)

31 4% 55 2% 2 68
CPC 1 or 2 31.4% 

(11/35)
55.2%  
(32/58) 0.033

2.68      
(1.027, 7.213)

Aufderheide AHA 2008



Meet SamanthaMeet Samantha

Take Heart America Save
March 2009March 2009

Samantha:
18 ld18 yrs old
16 wks Pregnant
VF

Bystander CPR
First responders: 

New CPR, ITD, AED, ,
ALS: 

Stabilize, Transport
Resuscitation Center:Resuscitation Center:

Cooling, ICD



Serenity, Samantha’s baby



Inspiratory Impedance EffectInspiratory Impedance Effect 

↑ Preload
↑ Coronary Artery Perfusion

↑ Cardiac Output

Greater 
Intrathoracic 

Vacuum

↑ Blood Flow 
to Vital Organs

↓ Intracranial Pressure
↓ Resistance to Forward Blood Flow

to Vital Organs

Breathing through the ITD
↓ Resistance to Forward Blood Flow

↑ Cerebral Blood Flow



Swine Model:
Moderate 

Hemorrhage



Systolic Blood Pressure in Spontaneously 
Breathing Swine in Hemorrhagic ShockBreathing Swine in Hemorrhagic Shock
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Effect of ITD on Brain PerfusionEffect of ITD on Brain Perfusion

Transcranial Doppler

Cerebral Blood Flow



Effects of ITD on Cerebral Blood FlowEffects of ITD on Cerebral Blood Flow
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Model of Hemorrhage at USAISRModel of Hemorrhage at USAISR

Convertino and Cook, 2005



Inspiratory resistance maintains arterial pressure during 
central hypovolemia: implications for treatment of 

patients with severe hemorrhage.p g
Convertino VA, Ryan KL, Rickards CA, Cooke WH, Idris AH, Metzger A, 

Holcomb JB, Adams BD, Lurie KG. Crit Care Med 2006
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Clinical Experience with Hypotensive Patients

Blood Bank
Orthostatic Hypotension
DialysisDialysis
Emergency Room
EMS
NASA AstronautsNASA Astronauts



AddAdd 
Lucas 

Co. 
EMS

David A Lindstrom, MD, 
FACEP

EMS 
logo

FACEP
Medical Director, Lucas County 

(O ) S(OH) EMS
Brent A. Parquette, NREMT-Pq ,

Lucas County EMS22



ResultsResults

ITD applied to: 54 pts (24 males)
Average age: 63 ± 19 yrs; range: 9 – 90 yrsAverage age: 63 ± 19 yrs; range: 9 90 yrs
Two pts did not tolerate ITD

One removed immediately; one wore for 8 minOne removed immediately; one wore for 8 min
Concomitant IV fluids: 47/53 pts
Vasopressors before/during ITD use: 2 ptsVasopressors before/during ITD use: 2 pts
Facemask used: 46 pts
Mouthpiece used: 9 ptsMouthpiece used: 9 pts
Average duration: 16.5 ± 7 min
Subsequent results from 51 pts

23

Subsequent results from 51 pts 
2 patients who rec’d meds removed from data set



Results - Etiologiesg
19 - Orthostatic 
i t l /

1 – Weakness/lethargy
intolerance/ syncope
9 – Unknown
3 – Possible dehydration

1 – Post plasma 
donation
1 – R/O sepsis3 Possible dehydration

3 – Post dialysis 
hypotension

1 – R/O sepsis
1 – Post exercise
1 - Post seizure

3 – Drugs or drug reaction
2 – R/O GI bleed
2 – R/O post-op bleeding

1 – Abdominal/back 
pain

2 – R/O post-op bleeding
2 – Bleeding from wound
2 – Possible vasovagalg

24



Results: All patientsResults: All patients

*

*

n = 51

25
*p<0.001



Results: Pts with No IV FluidsResults: Pts with No IV Fluids

*

*

n = 6

26
*p<0.001



ResQGard Benefit in HypotensiveResQGard Benefit in Hypotensive 
Patients with No I.V.
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S ( D Li d t )Summary (per Dr. Lindstrom)

1st reported use of ITD to treat hypotension in 
spontaneously breathing patients by EMSspontaneously breathing patients by EMS
ITD was well-tolerated by most patients
SBP rose by 34% in all patients
SBP rose by 25% in patients not receiving IVs
Therapy was safe, effective & clinically valuable
Beneficial therapy for EMS:Beneficial therapy for EMS:

Non-invasive and fast-acting
Could be administered by BLS
Great alternative therapy when starting IV is problematicGreat alternative therapy when starting IV is problematic 
(e.g. entrapment, during transport, poor veins, etc.)

Beneficial therapy for military, especially in cases of 
controlled extremity bleeding dehydration heat shockcontrolled extremity bleeding, dehydration, heat shock 
and orthostatic intolerance/syncope

28





Benefit of Modulating Intrathoracic Pressure 
during Respiration: Part of the Normalduring Respiration: Part of the Normal 

Physiological Response

Function of breathing prior to/during shock

1. Gas exchange
Heat exchange2. Heat exchange

3. Lowers intrathoracic pressure with resultant increased venous 
return and increased cardiac outputp

4. Maintains mean arterial pressure (MAP) during stress
5. Modulates autonomic nervous system regulation

R d i t i l (ICP) d i b l6. Reduces intracranial pressure (ICP) and increases cerebral 
perfusion pressure gradient



Next StepsNext Steps

The ultimate technology will be able to optimize gy p
the thoracic pump mechanism by modulating 
intrathoracic pressure to treat intra-operativeintrathoracic pressure to treat intra operative 

hypotension, cardiac arrest, sepsis, 
hemorrhagic shock and TBIhemorrhagic shock and TBI



The Intrathoracic Pressure Regulation (IPR)g ( )
The CirQLatorTM

Creating an intra-thoracic vacuum in the 
non-breathing patient will buy time



Intrathoracic Pressure Regulator (ITPR)Intrathoracic Pressure Regulator (ITPR) 
Lowers Intrathoracic Pressures during Exhalation



h Sh kUse in Hemorrhagic Shock



ITPR
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Use in Sepsis in Pigs



Th Eff t f ITPR C di t t i S ti Sh kThe Effect of ITPR on Cardiac output in Septic Shock
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Effect of ITPR on TrachealEffect of ITPR on Tracheal
Pressure and ICP in Apneic Pigs
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U i TBI i PiUse in TBI in Pigs

Mass Balloon ModelMass Balloon Model
n=8
Inflated over 3 hoursInflated over 3 hours
Applied ITPR to 90 min then removed



Effect on ICP
Intracranial Pressure (mmHg)
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Effect on Cerebral Perfusion PressureEffect on Cerebral Perfusion Pressure 
(Ao-ICP)

Mean Cerebral Perfusion Pressure (mmHg)
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Carotid flow (ml/min)
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Clinical Experience – U of MN

Treatment of Intra-operative 
Hypotension during Abdominal Surgery
First experience with 6 casesFirst experience with 6 cases

Increase is SBP within 5 minutes



Diastolic Pressure
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Clinical Experience – U of Va

Patients undergoing CABGPatients undergoing CABG
First 5 patientsp
Increase in C.O. by 1L/min within 3 min



Th kThank you

Questions?
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