Oxygenation Failure
Dyspneic Patient
Oxygen Therapy
ARDS

Jan Malaska
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63 yo female patient

She collapsed aprox. 14 days ago

Now she complaints about chest pain on right
side

Due to worsening dyspnea an examination

and differential disgnosis is ongoing at local
hospital




1. What do you think about the working diagnosis?
2. Which examination, imaging methods and lab test you

want to schedule?




Dyspnea A

Pulmonary - COPD, astma bronchiale, pneumonia.

Heart- AHF, valvular problems, TED
Blood disease- Anaemia, SCD
Neuromuscular- dystrophia, Myasthenia Gravis
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Others — obesity, ascites, surgery, trauma,
goiter

6. Psychogenic




Dyspnea -examination

* Physical Examination




Dyspnea - diagnostics —

* Lab-tests
— ABG
— BC
— Liver Enzymes
— BUN, creat, Na, K, CI, Mg, Ca, P

— CRP, PCT

— Cardiac enzymes, BNP, pro-BNP

— _di Parametr Normalni hodnoty
D-dimers s 7,‘3’6_7’;‘43 OCDD

4,8-5,8 kPa
10-13 kPa

BE od -3 do 3 mmol/l




Dyspnea — imaging method-

— Chest X-ray

— ECG

— ECHO

— Abdominal US -
— spirometry

— Lung CT

— CT-angiography




Key Clinical Exam Findings —

A. Airways patent

B. Respiratory Rate aprox. 27 breaths/min
C. BP 84/55 HR 131 (b.p.m.)

D. Alert, not fully orientated




Lab results on admission

Jedn.

mmol /1
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mmol/1
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Bil-prim umol /1
ALT ukat/1
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GGT ukat/1
ALP ukat/1
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How many organs are in dusfunction or failure?
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SOFA score (Sequential Organ Failure Assessment)

(rmL/d)

SOFA score 0 1 2 3 4
7 Respirationa
PaOZ/FIO2 (mm
Hg) =400 <400 <300 <200 <100
SaOFIO> 221—-301 142—220 &67—141 =87
Coagulation
2 3 =150 <150 <100 =50 <20
Platelets 10~ /rmm
é‘i:;‘:fgm b5 <1.2 1.2-1.9 2.0-5.9 6.0—11.9 >12.0
7 Dopamine Dopamine =5 Dopamine =15
Cardiovascular® No MAP </=5 or or or
Hypotension hypotension <70 dobutamine norepinephrine norepinephrine
{(any) <f=0.1 =0.1
CHNS
Glasgow Coma 15 13—14 10—12 &—9 <6
Score
Renal
(2 tini fdl 3.5-4.9
Orri?i:;”;i,fm ) <1.2 1.2-1.9 2.0-3.4 il >5.0 or <200
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Laborator pri prijmu

- Wemu - [host - amish (55H]]
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| Soubor Editace Mastaveni Okna Mapovéda

VYSLEDKY BIOCHEMICKYCH VYSETRENI

SEBKOVA MARCELA 545807/2125

[#Podrobné RPohyh EXePrerus I Tisk

—( = (malaskja) (¢.dokl. ;=)=

2017 2817 2017 2017} 201} 2017 2017 20817

Yusetreni Jedn. 14.02 14.02 14 .02 14.082 14.02 14.02 14.62 14.82
23:32 23:28 23:27 21:38 21:22 19:39 18:31 18:29

Glukoza mmol/] 3.5 1.9

cB-gluk. mmol/] h.6 3.7 3.1

16 mmol/1

CRP mg/ 1 412

Transft. g/l

Laktat mmol/1 3 3.6 h.3

B{a)pH 1.19 1.21 1.26

B{a)pC02 kPa 5.6 0.1 h.6

B{a)p02 kPa 16 11.1 11.5

B(a)HCO3 mmol/1 15.9 15.2 14.9

HENH IS mmol/1 -11.8 -11.9 -11.1

B(a)BE+ mmol/1

B(a)s02c A.896 A.926 B.941

B(a)Ca2+ mmol/1 B.96 v. 84

B{a)CapH mmol/1 0.88 .78

Uhustota
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ALTERED FAST RESPIRATORY LOW BLOOD
MENTAL STATUS RATE PRESSURE

e alteration in mental status
e systolic blood pressure <100 mm Hg
* respiratory rate >22/min

http://www.qsofa.org/




* Fracture of two ribs on the right side (from 5th to 7th )

* Lung contusion with large infiltration on the right side
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Actual clinical findings

. Sp02 85%
 TK 90/45, p. 131/min
* AKI




Patient is admitted to ICU

* Diagnosisis sCAP

* Major problems?:
1. Hyposaturation

2. Hypotension

3. AKI




Which equipment you choose?



Which flow? Which goal?

Kyslikové bryle
pratok 02 (I/min) FiO2 (%)
21
25
29
33
37
41
45

o A~ WN L O

Maska se zpétnym vdechovanim
pratok O2 (I/min) FiO2 (%)

& 7 65%
e
v 8.15 70-80%

Maska bez zpétného vdechovani

W e N 4 pritok 02 (I/min) FiO2 (%)
/, anl 3 @ 6 55-60
~ 8 60-80 ] ]
2 ¢ 10 80-90 What is the maximal
= 2 flow?
15 90-100 .

What about the gases
from central distribution?
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Several Hours after Admisson in ICU
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Transport of O, and CO,

Alveolar - | . .
L. e Diffusion
Ve ntl |atI0n ! N (diffusion of 02 from alveolus into

(exchange of CO2 between alveoli Al = : , blood )
and environment) L el

g e
LEFT SHIFT: | 7 7 .

80} Hypokapnia
Hypothermia F RIGHT SHI F.T:

70§ Alkalosis Hyperkapnia
Lower DPG Fever

o0 p— ¢ | Acidosis

1 " : Higher DPG
50

Transport of O, a CO, in
the blood

Oxyhaemoglobin saturation (%)

L1 1 1 & 1 1 1
| 10 20 30 40 50 60 70 80 90 100

PO, (mmHg)
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Alveol
. Compartment 1

Deoxygenated blod from
Pulmonary vein

Compartment 3
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Types of Respiratory Failure? —

Oxygenation Failure Ventilatory failure

Due to failure of ,muscle pump” of
the chest (disorders of CNS, chest,

Basily due to failure of alveolo-

respiratory muscles, neuro-muscular
junction)

capillary transport.

1. V/Q mismatch Increase inV,/V; mismatch
2. Increase in pulmonary shunt
3. Diffusion abnormalities

pa02 (sp02, sa02) pCO2 (ETCO2)
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CT scan after admission




e Patient is still tubed
e diagnostic fibroscopy with BAL is performed

* BAL - bronchoalveolar lavage — aprox. 150 ml
of normal saline is instilled and alveoli are
washed

* Ongoing haemodynamic stabilisation
* Improving in oxygenation

e Sedation is withdraw

* AIHD is performed on day 3

* Etiological is prooved? Any Idea?




B Wemu - [host - amish (55H)]

5 Soubor Editace Mastaveni Okna Napovéda

VS _MIK1:l Dalsi Ukaz Tisk Hledej MNavrat
—()———(malaskja)———————(17 / 18)—
YYSLEDKY 7 MIKROBIOLOGIE SEBKOYA MARCELA 545807/2125

Datum,cas odbéru: 14.82.17 18:36 Mat.: Ter.: R Zad.: 2016847039

TEKT :

Odbér :14.2.2017

Komentar :

Vusetreni: Prakaz Ag pneumokoka - Moc

Prikaz antigenu Streptococcus pneumoniae:
S.pneumoniae pozitivni

St: —Widel: 15.82.17 11:49 — root —Podp.: 15.82.17 — DaSta
Zobrazeni predchoziho vysledku

SlPomoc Do schranky AKkidiDoe schranky+ ENePrerus

b KaRIN y



B Wemu - [host - amish (S5H)]
:l Soubor Editace  Mastaveni ana Napovéda

WS MIK1:l Dalsi Ukaz Tisk Hledej Hawvrat
) (malaskjg)—+—+—————————————(9 / 18)—
YYSLEDKRY 7 HIKRUBIULUGIE SEBKOYA MARCELA 54580772125

Datum,cas odbéru: 15.82.17 11:33 Hat.: Ter.: R Zad.: 2016856429

TEXT:

Odber : 15.2.2617

Komentar : odsaty mat. pri bronchoskopii

Yusetreni: Kultivacni vysetreni - sekret z ETK

Aerobni kul tivace:

Nalez: redeni sputa 10 na -3 Streptococcus pneumoniae v M fazi
Stanoven1 kvalitativni citlivosti na antibiotika:
penicilin C tetracyklin
erytromycin cotrimoxazol

Anaerobni kul tivace:

Nalez: Nevyrostly zadné mikroby.

Mikroskopicke wvysetreni materialu:
epitelie DCD ojedinele
Leukocyty
G+ koky ve dvojicich +

St —Videl: 17.082.17 12:46 — root —Podp.: 17.82.17 — DaSta
Zobrazeni predchoziho vysledku
HlPomoc MDO schranky ERIEIDo schranky+ [BNePrerus
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What is Artificial ventilation? —

 Artificial ventilation is an organ
support.

* Ventilatory machine partially or
completelly secures the flow
throughout respiratory system.




Physiological Goals

Normalise oxygenation
(Pa0O2 > 60 mmHg = 8 Kpa,
Sa02>90%)

Maintain adequate
ventilation, typically a
PaCO2 of 35-45 mmHg=
. 4,5-6,0 Kpa
CI | nlcal GOa IS . Normalise acid-base

balance
Reduce patient WOB
Lowering VO2
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Indication for Arteficia —
Ventilation

Lung Mechanics
® DF>35/min




Two basic modes of Artificial Ventilation —

1. Non-invasive Ventilation (NIPPV)

2. Invasive Possitive Presure ventilation (IPPV)




\

"

Non-invasive Ventilation (NIPPV)




Invasive Possitive Presure ventilation (IPPV)

L]
14 | / ] E
. W ']
N | b




Generations of Artificial Ventilators

 |. Generation:

mechanical regulatory
unit — OXYLOG 1000

 |l. Generation:

partially electronic
regulatory unit - OXYLOG
2000

® KARIM
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lll. Generation

e Electronic feed-back
e Qut-of-date
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IV. Generation

HAMILTON-GS
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VENTILATORY REGIMENS —

1. REGIMENS w/FULLY VENTILATORY SUPP.

1. CMV or VCV — Volume Control Ventilation
2. PCV — Pressure Control Ventilation
3. PRVC - PRESSURE regulated VOLUME control

2. REGIMENS w/PARTIALLY VENTILATORY SUPP.

1. PS or SPONT (PSV, ASB)- Pressure Support

2. SIMV
3. BIPAP nebo DuoPAP — Bilevel Positive Airway Pressure
4. CPAP — Continuous Positive Airway Pressure



PCV — PRESSURE CONTROL VENTILATION —

| (DRIVING)

I:E




CMV — CONTROL MANDATORY VENTILATION

A\

I:E PEEP

Trigger Fi02




PS or SPONT — PRESSURE SUPPORT —

Psupport PEEP

Trigger F102




CHEST X-ray after 2 days
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ARE WE TALKING ABOUT
ARDS?




R.T.H. Laennec

First published report about

ARDS

yldiopathic lung oedema“

...cedeme pulmonaire sans
insuffisance cardiaque...

88 | ARIMN
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TRAITE DU DIAGNOSTIC DES MALADIES
DES POUMONS ET DU CORUR,

FONDE PRINCIPALEMENT SUR CE NOUYVEAU
MOYEN l)‘BXPl.OHA'l‘ION.

Par R. T. H. LAENNEC,
D. M. P., Médecin de I'Ho
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Médecine de Paris et de
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A PARIS,
Curz J.-A. BROSSO\' et J.-S. CHAUD
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1819.

E, Libraires




Autopsy:

Atelectasis

Vascular congestions
Haemorhagy

Lung Oedema

Hyaline membranes

$ KARIM
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ACUTE RESPIRATORY DISTRESS
IN ADULTS

Davip G. ASHBAUGH

M., Ohto State
ASSISTANT PROFESSOR OF SURGERY
D. Boyn BigeLow
MDD, Colorado
ASSISTANT IN MEDICINE AND AMERICAN THONACIC SOCIRTY-NATIONAL
TURERCULOSIS ASSOCIATION FRLLOW IN PULMONARY DISEASE
THomas L. Pr1TY
M. D. Colorado
ASSISTANT PROFESSOR OF MEDICINE

Bernarp E. LEVINE
M.D, Michigan
AMERICAN THORACIC SOCIETYSNATIONAL TURENCULOSIS ASSOCIATION
FELLOW IN PULMONARY DISHASR®

From the Departments of Surgery and Medicine,
Uminersity of Calovade Madical Centar, Denver, Colovado, 11.5.A.

The respiratory-distress syndrome in 12
patients was manifested by acute onset of
tchypna, hypoxemia, and loss of compliance ofter a
variety of stimuli; the syndrome did not respond to usual
and ordinary methods of respiratory therapy. The clinical

infants with respiratory distress and to conditions in
congestive atclectasis and postperfusion lung, The
theoretical relationship of this syndrome to alveolar
surface active agent is postulated. Positive end-expiratory
pressure was most helpful in combating atclectasis and
hypoxemia, Corticosteroids appeared 1o have value in the
treatment of paticnts with fat-cmbolism and poasibly viral
pnewmona.

Summary

Lancet. 1967 Aug 2;2(7511):319-23.




—
' Consensus report

Medicine

) Springer-Verlag 1994

Intensive Care Med (190d) 200225232

Report of the American-European consensus conference on ARDS:
definitions, mechanisms, relevant outcomes and clinical trial coordination

G.R. Bernard, A. Artigas, K. L. Brigham, J. Carlet, K. Falke, L. Hudson, M. Lamy, J.R. LeGall, A. Morris,
R. Spragg, The Consensus Commitiee

RECOMMENDED CRITERIA FOR ACUTE LU

ACUTE RESPIRATORY DISTRESS SY mmHG

Pulmonary Artery

~ Timing Oxygenation Chest Radiograph Wedge Pressure
ALl criteria Acute onset Paoleloz < 300 mm Hg Bilateral < 18 mm Hg when
(regardless of infiltrates measured or no
PEEP level) seen on frontal clinical evidence
chest radiograph of left atrial
hypertension
ARDS criteria Acute onset Paoleloz € 200 mm Hg Bilateral < 18 mm Hg when
(regardless of infiltrates measured of no
PEEP level) seen on frontal clinical evidence
‘ chest radiograph of left atrial

hypertension




-rays

Chest X



ARDS - BACKROUND A

a) Aspiration of gastric content
b) Pneumonia

c) Inhalation trauma

d) Lung Contusions

e) Near-Drowning

f) 1/Rinjury after lung transplant




ARDS - BACKROUND A

Sepsis/Septic Shock

MODS in Shock

Pancreatitis (SIRS)

Massive Blood Products Therapy (TRALI)
Drug Poisoning

® o o o




ONLINE FIRST

Acute Respiratory Distress Syndrome
The Berlin Definition

JAMA. 2012;307(23):2526-2533
RI)S Definition Task Force®

BT T (7 wie

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging?@ Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation® )
Mild 200 mm Hg < Pao./Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,O°
Moderate 100 mm Hg < Pao./Flio, = 200 mm Hg with PEEP =5 cm H,0

Severe Pao./Fio, = 100 mm Hg with PEEP =5 cm H;O




ARDS
B oo |

Acute onset within 1 week of a known clinical risk factor or
new/worsening respiratory symptoms

Timing

Pa0,/Fi0, 201-300 | PaO,/FiO, <200

el with PEEP/CPAP = 5 with PEEP = 5

M
Origin of Respiratory failure not fully explained by carg¢ ' '
Edema overload**

Radiological : . : ... . | Opacities involving
Abnormalities Bilateral opacities Bilateral opacities 3 + quadrants®
Additional Ve corr > 10 L/min
Physiological N/A N/A or
Derangement Crs<40 ml/ecmH,O

b KaRIN y
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ECMO

ECCO,-R

HFO

iINO

Neuromuscular
Blockade

| Prone Positioning ‘

Low — Moderate PEEP ‘
NIV | | Prone positioning

Low Tidal Volume Ventilation

Increasing Intensity of Intervention

Increasing Severity of Lung Injury

Mild ARDS Moderate ARDS Severe ARDS

. [ [ I
300 250 200 150 100 50
Pa0,/FiO,
T.Thompson
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Fibrosis in late-ARDS

HE — Lung Fibrosis
© MUDr.Moulis PAU FNB
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I. NON-PHARMACOLOGICAL
1. Arteficial Ventilation— Vt=6 ml/iBW, PEEP, FiO2
2. PRONE POSITIONING
3. FLUID REGIMEN - ,,dry lungs“

Il. PHARMACOLOGICAL




l. NON-PHARMACOLOGICAL (IPPV)
Il. PHARMACOLOGICAL

1. Corticosteroids

2. Surfactant
3. NO
4. Prostaglandine E1

I1l. SUPPORTIVE




