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* Waveform Capnography
* Physiology and Pathophysiology

Overview
* Carbon Dioxide
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“C0O2 is the smoke from the
flames of metabolism”

- Raymond Fowler, MD

“Capnos” = Greek for smoke
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Glucose + O, = CO2 + H,0
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Hydrogen
ion

2 H,CO, 2 H' + HCO,

Carbonic Bicarbonate
acid ion

Carbon dioxide diffuses
into the blood

* Bicarbonate — 70%
* Bound to hemoglobin —20%
* Dissolved in blood — 10%




Carbon dioxide is eliminated
through the lungs




The Evolution of CO, Detection
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Capnography

e Continuous numerical and
waveform measurement of
exhaled CO, concentration

Phase 2:
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Ventilation Metabolism
(Direct)

C 02 (Indirect)
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Lets Get Oriented
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Capnography is not just for the ALS provider
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ETCO2 mmHg

Capnography --n--=-==nn-===

Most sensitive 0 (0 i

for detecting
hypoventilation
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25p02

Sp02 Searching For Pulse




EXAMPLE USING EtCO, with BVM

FOEAKNIERT



Prior to intubation

Sp02 Searching For Polse

End tidal ~ 25



Intubation

Approximately 45 seconds no ventilations during intubation

<intubation= <ao0d waveform™>

2:15p02 T 1.1 .
Sp02 Searchirg For Pulse

End tidal ~ 70



Arrival to hospital

What do you think of this patient’s metabolic state?
How to you want to ventilate this patient?

Sp02 100%

25p02







The Second
Attempt

* Second pass attempt a success!

* What is happening here?



Cuff leak or hypopharyngeal ETT

1
Sp02 100%
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Waveform prior inflating balloon




Rebreathing

EtCO, mmHg

- b W B O
(o B e W e B e Y e Y
L1 | | | | |

Time




Return of spontaneous respirations
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The sixth
vital sign




FtCO,
25 mmHg

DKA




Case of difficulty breathing
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Bronchosp

..... Capnograph indicating

Bronchospasm
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Changes with treatment
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oadient

PaCO, — EtCO,




Normal gradient is within 5 mmHg

PaCO,

Metabolism
({Indirect)

Ventilation
(Direct)

[CO;]

co,

Perfusion | |
(Indirect) Expiration wes  [nspiration sssss




EtCO, accurately
reflects PaCO, when

Normal perfusion state
(delivery)
AND

Normal ventilatory state

(gas exchange)

s "1

Recreational misadventure




This gradient is
invariable
positive

PaCO, > EtCO,

Alveoli

Deoxygenated /7102 p&c » Oxygenated

Blood ?/” T Blood

PVCO, = PaCO, = PACO, = ETCO2




The CO, Gradient is determined at the level of the alveoli

Shunt Perfusion Normal Dead Space Ventilation
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Zero Low V/Q V/IQ ~ 0.8 High V/Q  Infinity
Atelectasis PE
Mucus plug Reduced CO
Pulmonary edema Shock
Pneumonia Cardiac arrest
Mainstem ETT ETC...
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Ventilation-Perfusion Spectrum






Post Intubation Initial EtCO, 10
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v’ Verification of ETT

v" Visualization of ventilations
v Quality of chest compressions
v ROSC

v Prognostication




Ventricular Fibrillation
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End tidal ~ 20-25

What do you do with this?



Bring the lightning!
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End tidal ~ 50 (EtCO, 25 prior to defibrillation)
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EtCO, rise > 10 mmHg specific but not sensitive for ROSC
LOOK FOR TRENDS



Bicarb administration

Don’t be fooled...

Water Hydil;:)ngen
CO, + H,0 2 H,CO; & H" + HCO,
Bicarbonate

Carbon Carbonic
acid ion
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1
<CPR Stopped:=

EtCO, 50

EtCO, 30

EtCO, 20
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Termination of resuscitation

EtCO, < 10 mmHg after 20 mins 100% mortality

”ACLS iS for dentist”



Last case: A fender bender...
Polytrauma + TBI = bad day

22 yo male MVC. Unresponsive, initial GCS 3 sluggish pupils.
Large hematoma right temple with bruising to chest and
abdomen and a right closed femur deformity.

Intubate with ketamine and rocuronium
e HR 125
 BP90/60
* 0,95%BVM w/ RR 18 at 100 FiO,

How are you going to ventilate your patient if?
1. EtCO, 70
2. EtCO, 20



CO, is a vasodilator

' CO, > 1 CBF > 1 ICP

1 mmHg = 4% CBF




|'|EEEF Vg I'|EEI:} Acidosis

Primary or Anaerobic metabolism
Compensatary Lactic Acldosis
Ventilation Metabolism
2 ECO, : Trauma
Perfusion

HEE ovalemic Shock

Hemorrhage
Obstructive Shock
Tamponade
PTX

Cardiac contusion




EtCO, accurately
reflects PaCO, when

Normal perfusion state
(delivery)
AND

Normal ventilatory state

(gas exchange)

Paco, Paco,

Figure 2. The concordance between Paco, and Petco; by Bland-Altman method. |
who had no severe chest trauma, no hypotension, and no metabolic acidosis. (B) ¢
had severe chest trauma, hypotension, or metabolic acidosis. (C) All nontraumatic
normal P(a—et)co,.




Polytrauma with TBI

How are you going to ventilate your patient if?
1. EtCO,70
2. EtCO, 20

If EtCO, is high = target eucapnia
If ECO, is low = “Let it go”
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Summary

Waveform capnography = 'er=ten

Perfusion

reﬂ ECtS Metabolism

Use it to guide ventilations

A Waveform capnography recognize common waveforms
is the 6th V|ta| S|gn Guide therapeutics

Diagnostic utility

Understand the PaCO,-EtCO, gradient and
how to apply to your patient
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