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* Howv aptyng oloetoporyn
o {pH & THCO,
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e T HCO;=0.1x abénon PCO,
e (pH=0.008x abénomn PCO, PCO, 60 @ HCO, 26 & pH 7.24

* Xpovix oxtopoy (3-5 Nuepeq):
e T HCO,=0.3x adénon PCO, PCO, 60 = HCO; 30 & pH 7.36
e ipH = 0.003x avénon PCO,
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Compensations to acute respiratory addosis and Compensation to chronic respiratory acidosis
alkalosis
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To CO,

* 2 LVOMUN TOCOTNTA 0TO cwp. .. 1301t

* AlALILEVO OTO lp ... 2.51t
e [Topaywyn = Aropdxnpuvon ...200ml/min 1 9ImEq/min

CO; Elimination Acid Excretion

VCO; =5 L/min x 40 mL/L VCO; = 5 L/min x 1.8 mEq/L
= 200 mL/min ™ | =9 mEq/min

Right Heart 530 mL/L

(237 mEQ/L) g e

VCOz =) (CVCOz = CaCOz)




Ataryvon O, & CO, oTov TveLHOVA

Alveclar
tissue area

Thickness

Fopper B SLa1on. Berfed 803 Lewy IPpsaicnp
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A: Empavela

T: I'ayog

D: Xvvteheong Siaryvong o© VMW
DCO,= DO, x 20

O, Diffusion along Pulmonary Capillary

l ALVEOLAR

NORMAL

ABNORMAL

GROSSLY ABNORMAL

PO2 (mm Hg)

TEXERCISE

0.25 0.50
TRANSIT TIME (sec)

t = Vol/Flow and Flow may increase 3X during exercise, so t = 0.25 sec
CO, Diffusion along Pulmonary Capillary
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CO,

0O, (ABNORMAL)

0, (NORMAL)

JALVEOLAR
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0.25 0.50
TRANSIT TIME (sec)

CO, CHEMICAL REACTIONS SLOW DOWN RATE OF EQUILIBRATION.




Mertagwopa CO, ot0 atprox

Dissolved
CO2

10%
|10%]

Peripheral
Cells

Hb Protein-bound
COZ —_— Hb'C02

CO2 — CO2 — CO2 Hb
\ H* — Hb-H*
/ »
CO; Chemically
N HCO; g e modified

cr



Mertawopa CO, ot0 aprox

Interstitial
fiuid

CO, s} CO, (dissolved in plasma)
€0, = CO, + H,0 3%, ,C0, — 5 HCO,™ + H*

e Oy 4 O, (dissolved in plasma)

CO, + H,0 — H,CO, — HCO, + H

.

=,
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Mertagwopa CO, ot0 atprox

A Fused basement membranes
CO; (dissolved in plasma)

Slow
CO, + H,0 <*—— H,CO, +—— HCO,~ + H'

0, (dissoived in plasma)




Koapnvieg oeopevong O, vs CO,,

002 or 02 60

5] Mixed venous
(PO,=40mmHg)
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Metabolic acidosis Awake normal
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Sleep

Narcotics,
chronic obstruction
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Deep anesthesia

60 80
Alveolar Pg,, mm Hg

T VE 1-4 L/min per mmHg TPCO,




H e&lowon tou nudeldwmon aeptopon

PCO,=K * (VCO,/VA)

(Onov VA= VE-VD)

K: ouvteleotng

VCO,:  napaywyn CO,

VA: o nuhehdindg acplopog
VE: o olxog aeprtopog

VD: o aeptopdg vexpob yweou

CO; Elimination Acid Excretion

VCO, =5 L/min x 40 mL/L VCO, =5 L/min x 1.8 mEg/L
= 200 mL/min EAS =9 mEg/min

Right Heart e
sia 2STMEQT) 53(-5;.,.;“ nEall)

VCO, =Q x (CVCOz — Caco;_»)
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Bronchi {~10mm} [ Tracheobronchial
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7 ( VENTILATION
{~3mm) |
Pk, ALYEOLAR

Bronchioles .
| Functional

@
s
N
=)
=
B
5
=]
=
g
(%]

dead space Alveoli

Terminal 4 No Gas £

Bronchioles  (~1mm] XChan,
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Respiratory
Bronchicles

Alveclar

transitional and
respiratory zones

Wasted ventilation
Alveolar Sacs




Awotaparyeg Aeptopod/ Arpatwong (V/Q)

O,= 150 mm Hg
CO2=0

Decreasing Increasing dead space
Va/Q Va/Q

T Work of
breathing




Aataparyeg V/Q: O, vs CO,
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L 2

-
e
o

-
(=]
(=]

o
(=]

Va/@'=2.0

o
=]

Pao,=118 mmHg
[15.7 kPal
Paco,=35 mmHg
(4.7 kPa)

B~
o

o
I
E
E
8
a.
o
c
@
et
Q.
—_
9
o
]
=
<<

[
o

(==

10 15 Peco,=118 mmHg [15.7 kPal
Alveolar ventilation L-min-! Cec0,=20.5 mL per 100 mL

Va/@=0.1

Pap,=45 mmHg
16.0 kPa]
Paco,=45 mmHg
6.0 kPa)

>

+0,=45 mmHg (6.0 kPal
,=15.2 mL per 100 mL

ALEavovTag TOV AePLopO OTIG OTLG LYLELS LoVAdeg uLYPEASwY — TOLYOELSWY O

TIVELILOVOG ATIOBAAAEL AVaAOYX TO OLOEELDLO. ..

Opwg, 1 adénon auty ev UTOEEL Vo XRVENTEL GNUAVTIUX TOV KOQECIO TOL

o€uyovou xat vo avttotabpiost to shunt. ..

Pa0.=70 mmHg [9.3 kPal
Ca0,=17.85 mL per 100 m/




H e&lowon tou nudeldwmon aeptopon

PCO,=K * (VCO,/VA)

(Onov VA= VE-VD)

K: ouvteleotng

VCO,:  napaywyn CO,

VA: o nuhehdindg acplopog
VE: o olxog aeprtopog

VD: o aeptopdg vexpob yweou

CO; Elimination Acid Excretion

VCO, =5 L/min x 40 mL/L VCO, =5 L/min x 1.8 mEg/L
= 200 mL/min EAS =9 mEg/min

Right Heart e
sia 2STMEQT) 53(-5;.,.;“ nEall)

VCO, =Q x (CVCOz — Caco;_»)




H eZiowomn tov nudeidowmon aeplopo

Vcoz

Ve (1-Vo/V7)

pCOz = k x

K: ovvteleomng

VCO,: 1 mapaywyn CO,
VE: 0 nopehdindg aeplopnog
VD: o vexpdg ywpog

VT: 0 avanveopevog 0ynog




Avénpevn mapaywyn CO,

T Vcoz
Ve (1-Vp/V7)

’

tpCOz = k x

Aonnon
[Tupetog

= (+10-15% / °C)
Piyog
YoatavOponeg

= R/Q=1




Koehowmog vtoaepLtopog

Vcoz
| Ve (1-Vo/VT)

/

tpCOz = k x

Kevtouo Nevpixo:

"  Koataotodn, AEE...
ITeupept6 Nevixo:

"  Nooog Kivnmod Nevpwva, Guillain Barré, Polio, I[Tapeon ppevixov. ..
Nevgopwinn avvady:

" Myasthenia gravis, pvoyaioon...

Muixd odotrpoc
" Pafdopvorvor, Hiexntpolutineg SLOCTocroxé 4)

OwEuxind Tolymp
" Kupwoxoriwor, oyvoapnia, Flail Chest...
" Repaywyol: Anopoadn Aapuyya, toayelag (Oynot, Eeva GuUaTo HAT)

" [lvevpovino oidnpa, COPD, AcOua, [Tvevpobwoanag. ..




AULENOM VEUQOL YWEOL

Vcoz

t CO;z = k X =—————————
s X '*IE(l—TVm’VT}

= [lvevpovina voonpato
" Euypoonpa, Adpeco voonpuota
= [Ivevpoviny epufoir
povan sypol " Anatomical dead space

= Rapid shallow breathing (i VT) — Cgizldlll/clziﬂBg \;irways
° 2ml/kg

" Physiological dead space
= high V/Q
* normal 0.2-0.35




ALENOY VEXEOL YWEOL

Paco,- Peco,

PACOZ:AO mmHg PACOZ— mr}wH A
(5.3 kPa) ; (0 kPa) :
Pa0,=100 mmHg . Pa0,=150 mmHg.

(13.3 kPal ... (20 kpa)




Will not breathe

Upper
motoneurons

~

Anterior
horn cell

Brain stem
"respiratory center"

Thoracic cage/loss
< of structure 7

Neuromuscular Respiratory
junction muscles

T

Lower motoneurons Cannot breathe
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Mechanism and etiologies of hypercapnia

Mechanism

| Etiologies

Decreased minute ventilation (global hypoventilation; extra pulmonary causes)

Decreased central respiratory drive

Decreased respiratory neuromuscular
or thoracic cage function

Sedative overdose (eg, narcotic or benzodiazepine, some anesthetics, tricyclic antidepressants)

Encephalitis

Stroke

Central and obstructive sleep apnea
Obesity hypoventilation

Congenital central alveolar hypoventilation
Brainstem disease

Metabolic alkalosis

Hypothyroidism™

Hypothermia

Starvation

Primary spinal cord/lower motor
neuron/muscle disorders

= Cervical spine injury or disease (eqg,
trauma syringomyelia)¥
Amyotrophic lateral sclerosis
Poliomyelitis
Guillain-Barré syndrome
Phrenic nerve injury
Critical illness polymyoneuropathy
Myasthenia gravis
Muscular dystrophy
Polymyositis
Tetanus
Transverse myelitis (eg, multiple
sclerosis)
Tick paralysis
Acute intermittent porphyria
Eaton Lambert syndrome
Neuralgic amyotrophy
Periodic paralysis
Glycogen storage and mitochondrial
diseases

Thoracic cage disorders
= Kyphoscoliosis
= Thoracoplasty
s Flail Chest
Ankylosing spondylitis
Pectus excavatum
Fibrothorax

Metabolic disorders?®
= Hypophosphatemia
= Hypomagnesemia
= Hypothyroidism
= Hyperthyroidism

Toxins, poisoning, drugs

= Tetanus

= Dinoflagellate poisoning

= Shellfish poisoning (red tide)
Ciguatera poisoning
Botulism
Organophosphates
Succinylcholine and neuromuscular
blockade
Procainamide

UpToDate
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Increased dead space (gas exchange abnormalities; pulmonary parenchymal causes or airway disorders)

Anatomic Short shallow breathing

Physiologic = Pulmonary embolism (usually severe)

= Pulmonary vascular disease (usually severe)

= Dynamic hyperinflation (eg, upper and lower airway disorders including chronic obstructive pulmonary disease, severe asthma)
Endstage interstitial lung disease

Increased carbon dioxide production

Fever

Thyrotoxicosis

Increased catabolism (sepsis, steroids)
Overfeeding

Metabolic acidosis

Exercise

Multifactorial

Upper airway disorders®
= Severe laryngeal or tracheal disorders (stenosis/tumors/angioedema/tracheomalacia)
= Vocal cord paralysis
= Epiglottitis
= Foreign body aspiration
= Retropharyngeal disorders
= Obstructive goiter

Decreased mechanical ventilation can also cause hypercapnic respiratory acidosis (eg, permissive hypercapnia). Importantly, any factor that limits the mechanical function of the
ventilatory pump (such as airway obstruction or weak muscles), when combined with a gas exchange abnormality (increased physiological dead space), may lead to hypercapnia. For
further details regarding the mechanisms that underlie these pathologies, please refer to the UpToDate topic on mechanisms, causes, and effects of hypercapnia.

UpToDate
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AVTLLETOTILOY] OZELNG DTTEOUATIVING

" Airway Breathing Circulation
" Awanplor ofelag — YoOvlag

" Ymoaeplopog vs Ilvevpovonabeta
" Ynoloylopog A-a gradient
* P,=150 — (PCO,x 1.2)
= (pt 0.3 x nhnior)

" J[otopo Atttohoyun
" [Khvinn e€etaon QVTLLETWTLON

" Epyaotnplanog ereyyog
" AlLOTOAOYLIHOG
" Anettovotinog
" Aettoveynog




AVTLLETOTILOY] OZELNG DTTEOUATIVIOG

H O&vyovobepamneio amapatitnim...

oAAX LTTOQEL VO ETLBREVVEL TV UTEQUATIVLAL:

1.  Koataotoln vrouyovopinon epebiopatog

2. ®awopevo Haldane
3.  Emdeivwon V/Q péow dpong vmoéinng ayyetoohonaong

2. toyoL:
= $pO, 90-93% 7 PaO, 60-70mmHg

(XoapnAotepa eMIMEON LTOQEL VA ELVOL BVEXTA KO TOOTLLOTEQX)
= SpO, >88% # Pa0, 55-60mmHg
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e Aeyeptina KNX / Avoknmtind
" Ocopuilivy (xpptBoin aéi)
" Aopmepldovn (otevo Bepameutino ebEOQ)
" MovtagiviAn (o LTVINTY] ATVOLX)

" Axetalolapidn (mporalel petaBoiun okewon)

We suggest not routinely using these agents

* ArttavBpoonind vatpLo
" TToparyst mpoabeto CO,
" Movo oe tenpnotwpevy) evOetéy (y ONANTNELNCT] e TOLUUXAAX)




Indications
for NIV

COPD
pH<7.35
pC02>6.5
RR>23
If persisting after
bronchodilators and
controlled oxygen therapy

Neuromuscular

disease
Respiratory illness with

RR>20ifusual VC<lLeven | |

if pCO2<6.5
or
pH< 7.35and pCO2>6.5

Obesity
pH <7.35, pCO2>6.5, RR>23
Or
DaytimepCO2>6.0and
somnolent

BTS/ICS guideline for the ventilatory management
of acute hypercapnic respiratory failure in adults

Thorax 2016

Contraindications

for NIV

Absolute
Severe facial deformity
Facial burns
Fixed upperairway
obstruction

Relative
pH<7.15
[pH<7.25 and additional
adversefeature)
GCS<8
Confusion/agitation
Cognitive impairment
[warrants enhanced
observation)

Indications for

aferral to IC|
RFW pending
respiratory amest

NIV failing to augment
chest wall movement or
reduce pCO2

Inability tomaintainSao2 >
85-88% on NIV

Need for IV sedation or
adversefeatures indicating
need for closer monitoring

and/or possibledifficult
intubation asin OHS,
DMD.

Indications
for NIV

COPD

pH<7.35 Severe facial def

Thorax 2016




BTS/ICS guideline for the ventilatory management
of acute hypercapnic respiratory failure in adults

NIV SETUP NIV Monitoring

Mask Oxygenation

Full face mask (or own if home user of NIV) . - .
wpe Aim 88-92% in all patients

Initial Pressure settings Note: Home styleventilators CANNOT
EPAP: 3 (or higher if OSA known/expected) provide >50% inspired oxygen.

IPAP in COPD/OHS/KS 15 (20if pH <7.25) ::: :;::::f:;;:ef?oor;;lﬂdc::;:altx

Up titrate IPAP over10-30mins to IPAP20—30 to achieve
adequate augmentation of chest/abdo movementand slow RR

IPAP should not exceed 30 or EPAP 8*
without expert review

IPAP in NM 10 (or 5 above usual setting) Red ﬂags

pH " S NIV
RR persisting>25

BaCkuP rate New onsetconfusion or patient distress

Backup Rate of 16-20. Set appropriate inspiratory time

Actions

Check synchronisation, mask fit, exhalation

COPD 1:2t01.3 port : give physiotherapy/bronchodilators,
OHS, NM & CWD 1:1 consider anxiolytic

Inspiratory time @
0.8-1.25COPD .

1.2-1.5s OHS, NM & CWD

I:E ratio

Use NIV for as much time as possiblein 1* 24hours.
Taper depending ontolerance & ABGs over next48-72 hours

SEEK AND TREAT REVERSIBLE CAUSES OF
AHRF

Thorax 2016




Xtra orporeal emoval

A-V ECCO,R V-V ECCO,R

Average \'ICO__ in adult patients
2-3 mU/kg/min

16 mU/dL of CO, removed

Post-membrane CO, content = 36 mL/dL
corresponding to pCO, = 25 mmHg

Membrane VCO,
80 mL/min

lung /— e

pCO, = 60 mmHg
Artificial CO, content = 52 mL/dL

Artificial |
lung

Sweep gas Bow | o=
8 L/min Blood flow
P 500 mL/min




xtra orporeal Stawl

Table 2
Flow ranges and direction
Flow and Direction Effect Goal

Low flow systems Limited CO, removal Protective ventilation (VILI),

<1000 mL reduction of delta pressure

\'AY and/or mechanical power
pH normalization

Midrange flow systems  CO, elimination up to CO, Further reduction of ventilatory
<2000 mL minute settings (VILI), marginal
VV or AV Production limited oxygenation improvement of oxygenation

High-flow systems Oxygenation and CO, Assurance of oxygenation and
>4000 mL removal CO, removal
vV

Crit Care Clin 2018

ATOPLYY| OLUCWATIVWONG OTYV OEElor UTEQUATIVINY] AVATIVELOTLNY] ALVETOOUELX
EAdttwor g évtaorg Tou pnyovinod aeptopoL xat tpoindn VILI
ATOYAAAKTIOUOG ATO TOV UIYAVINO AEQLOUO

C2G YEPLEA TEOG PETAUOOCYEVOY] TVELIOVWY




xtra orporeal Stawl

Novel therapies

Extracorporeal CO, removal (ECCO,R)

Recommendations

81. If local expertise exists, ECCO,R might be considered:

» If, despite attempts to optimise IMV using lung protective
strategies, severe hypercapnic acidosis (pH<7.15) persists
(Grade D);

When ‘lung protective ventilation’ is needed but hypercapnia
is contraindicated, for example, in patients with coexistent
brain injury (Grade D);

» For IMV patients awaiting a lung transplant (Grade D).

Good practice point

ECCO,R is an experimental therapy and should only be used

by specialist intensive care teams trained in its use, and where

additional governance arrangements are in place, or in the
setting of a research trial.

BTS guidelines




Will ECCO2R & ECMO Replace Invasive Mechanical Ventilation ?
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