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OVERVIEW

* PATHOPHYSIOLOGY OF HYPOXIA
* ACUTE HYPOXIC RESPIRATORY FAILURE

* PHYSIOLOGY-GUIDED APPROACH TO NON INVASIVE SUPPORT:
* NON INVASIVE VENTILATION AND HIGH FLOW NASAL OXYGEN
* BENEFITS AND RISKS
* MONITORING



PATHOPHYSIOLOGY OF HYPOXIA

* HYPOVENTILATION
* LOW VENTILATION/PERFUSION RATIO (LOW V/Q)

* INTRAPULMONARY SHUNT
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COMMON CAUSES:

* SEDATION

 SEVERE MUSCLE WEAKNESS

* INCREASED DEAD SPACE
—> DECREASED ALVEOLAR VENTILATION

Wagner PD. Eur Respir J 2015; 45: 227-243



LOW V/Q

PARTIAL OBSTRUCTION OF AIRWAYS:

bronchial wall thickening/bronchoconstriction

secretions
alveolar debris (cell, bacteria, fluid)

Hypoventilation,
normal perfusion



SHUNT

NON-VENTILATED UNITS:
atelectasis

complete alveolar filling with alveolar debris

No ventilation,
normal perfusion
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Pao, and Paos/Fio; in lungs with shunt
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Fio,

FiO, does not correct PaO, when shunt is high

Wagner PD. Eur Respir J 2015; 45: 227-243



PEEP: THE TREATMENT FOR SHUNT

FACTORS LEADING TO A RISE IN PaO:(FALL IN AaDO:) WITH POSITIVE END-EXPIRATORY PRESSURE
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Gilston. Int. Care Med. 1977, 3:267:271
Mauri T. Physiol Meas. 2017 Nov 30;38(12):R280-H303



INTERIM CONCLUSIONS

HYPOVENTILATION,

LOW V/Q,
and INTRAPULMONARY SHUNT
ARE THE MAIN PATHOPHYSIOLOGICAL MECHANISMS OF HYPOXIA.

THESE MECHANISMS OFTEN COEXIST IN CRITICALLY ILL PATIENTS.



SUPPORTING THE FAILING OXYGENATION

WHAT WE ARE TALKING ABOUT?

ACUTE DE NOVO RESPIRATORY FAILURE:
ACUTE HYPOXIC RESPIRATORY FAILURE
NOT EXACERBATING A CHRONIC LUNG OR CARDIAC INSUFFICIENCY

Demoule A. Intensive Care Med (2016) 42:82—-92



ACUTE DE NOVO HYPOXIC RESPIRATORY FAILURE

<+~ —>

HYPOXIA CHANGES IN LUNG MORPHOLGY
- CHANGES IN LUNG MECHANICS

STIFF LUNG = | COMPLIANCE
LUNG COLLAPSE = | END-EXPIRATORY LUNG VOLUME



HYPOXIA + CHANGES IN LUNG MECHANICS

T RESPIRATORY

| LUNG

e COMPLIANCE

DRIVE AND
EFFORT

hSY | END-EXPIRATORY

LUNG VOLUME
RISK OF SNG VORS
LUNG INJURY

T VENTILATION
DEMAND
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WHAT IS INJURIOUS FOR THE LUNG??
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WHAT IS INJURIOUS FOR THE LUNG??
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High volumes and pressures during spontaneous breathing
Brochard L. AIRCCM 2017; 195 (4): 438-442 Mauri T. Intensive Care Med 2016; 42: 2101-2103
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NON INVASIVE VENTILATION

PEEP + PRESSURE SUPPORT
DIFFERENT INTERFACES
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BaHamman Respir Care 2018



NON INVASIVE VENTILATION
EFFECTS ON OXYGENATION

NIV can provide HIGH PEEP (up to 15 cmH207?) and high FiO2 (no room air entrainment)

PEEP EFFECT
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NON INVASIVE VENTILATION
EFFECT ON LUNG PROTECTION

IMPORTANCE OF NIV SETTING

PEEP
+

PS
< TIDAL VOLUME

Variable Initial* PSV10/PEEP10
524 = 212 483 + 247

TIDAL VOLUME

RR, breaths/min 22 =10 28 11 28 = 11
Ve, L/'min 15.7 = 4.4 123+ 34 14.6 + 3.8
Leaks, % 25 *13 39 + 187 i6 + 18
MAP, mm Hg 7713 79 + 18" /7 +16
HR, beats/min 100 =13 100 £ 9 95 + 14

L'Her E. AJRCCM 2005; 172:1112-1118



NON INVASIVE VENTILATION
EFFECT ON LUNG PROTECTION

IMPORTANCE OF NIV SETTING
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ADDITIONAL LUNG INJURY DURING NIV?

* NIV CAN RESULT IN HIGH TIDAL VOLUME AND HIGH
TRANSPULMONARY PRESSURE

* HIGH TRANSPULMONARY PRESSURE WORSENS LUNG INJURY IN
EXPERIMENTAL STUDIES

* ARE THERE EVIDENCE THAT NIV MIGHT CAUSE ADDITIONAL INJURY IN
PATIENTS? MAYBE..



ADDITIONAL LUNG INJURY DURING NIV

HIGH TIDAL VOLUME and HIGH MINUTE VENTILATION ARE ASSOCIATED WITH NIV FAILURE
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Carteaux G. Crit Care Med 2016;

Table 6 Risk factors assodiated with NIV failure in multivariate analysis

Frat JP. Crit Care Med 2018;
46(2):208-215

44(2):282-90 Variable Wald Ockds ratios

955 confidence interval i

MV > 11 L/min at 48 h 4079 1176

1.005-1.379 0043

He H Crit Care 2019; 23:300



DELAYED INTUBATION IN NON INVASIVE VENTILATION
s e oy bt wsoubhe

250- respiratory failure HACOR score at NIV initiation 89£39 77430 <001
p=0.014 - HACOR score at 1 hof NIV MA4L40 83+13l <001
HACOR score before intubatic 122447 1144 50 1)
200 Tirne from NIV initiation to intubation (h) 5(2-10) 53(23-132)
Haspital mortality 38 (66%) 1358 (79%)
-
150- Duan Intensive Care Med (2017) 43:192-199
i e
= Timee to intubation in hours
=] p=i, 38
X * = sl _'_ 1
100 -
- g -
. —. ]
- - )
=20 = --:-' .. -
*® mum “
- --.- - 61
L L L
_ .y w® - 4
Alive Dead 12
: — Thille AW. Critical Care 2013;

Carrillo Intensive Care Med (2012) 38:458-466 —— Hom Survivors 17: R269



EARLY SWITCH TO

PATIENT SELECTION [ s PREDICTING NIV FAILURE INTUBATION




PREDICTING NIV FAILURE

Ratein % W intubation
188: O in-1CU martality

RISK OF NIV FAILURE IS HIGHER "

IN MORE SEVERE HYPOXIA: w0
P/F RATIO “ . I

idild ARDS ll-ndeﬂlu ARDS Sewvers ARDS
M=16 N=47 M=1%

Thille AW. Critical Care 2013;
TABLE 3. Multivariate Logistic Regression Analyses of Factors Associated With Intubation 17: R269

Risk Factors OR (95% CI) p

In patients treated with conventional O, therapy by nonrebreathing mask?

Respiratory rate =2 30 breaths/min at H1 2.76 (1.13-6.75) 003
In patients treated with high-flow nasal cannula oxygen therapy®
Heart rate at H1 (per beat/min) 1.03 (1.01-1.06) <001

In patients treated with noninvasive ventilation®
Tidal volume > 9 mlL/kg of predicted body weight at H1 3.14 (1.929-8.06) 0.02
Pao,/Fio, < 200mm Hg at H1 426 (1.62-11.16)

Frat JP. Crit Care Med 2018;
46(2):208-215



PREDICTING NIV FAILURE

TABLE 2 Predictors of noninvasive ventilation failure

Predictor Study=

Scores of seventy (SAPS I, APACHE Il, SOFA) 20,22,31,33,36,38,67

hoe 2 NOT JUST THE RESPIRATORY
Pa0,/H0, ratio 20,22,30-32,36,38,68

ARDS severity 20,31,38,40 BUT THE WHOLE PATIENT STATUS
Metabolic acidosis/bicarbonates 30-32

e 303840 needs to be assessed
Community-acquired pneumonia 20

Worsening chest X-ray results 31

Heart rate 31,32

Respiratory rate 32,67

Consciousness (low Glasgow Coma Scale score) 32,40

De novo respiratory failure 33

Cancer 40

Low positive end-expiratory pressure 40

High tidal volume 30,41

a see the References

Grassi A. Pol Arch Intern Med. 2017;127 (9): 614-620



PREDICTING NIV FAILURE

Assessment of heart rate, acidosis, et

consciousness, oxygenation, and respiratory
rate to predict noninvasive ventilation failure
in hypoxemic patients
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INTERIM CONCLUSIONS

* PHYSIOLOGIC EFFECTS of NIV include PEEP, IMPROVED
OXYGENATION, INCREASED VENTILATION and DECREASED WORK OF
BREATHING

* HIGH TIDAL VOLUME and HIGH TRANSPULMONARY PRESSURE can
cause ADDITIONAL LUNG INJURY during NIV

e The RISK OF ADDITIONAL INJURY IS HIGHER in MORE SEVERE
PATIENTS and when LOW PEEP + HIGH PRESSURE SUPPORT are

applied

What about HIGH FLOW NASAL OXYGEN?



High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic
Respiratory Failure

19 528 patients were admitted to the ICUs in the study
period, Feb. 1, 2011-April 1, 2013

!

4777 with Acute Respiratory Failure

Patients with ARF

> 1366 Ac

99 Fol

155 NIV contraindications

651 Cardiogenic pulmonary edema

were excluded because:

ute or chronic lung disease

r administrative reasons

Y

2506 with Hypoxemic Acute Respiratory Failure

RR >25 b/min; Pa0,/FiO, <300, PaCO, <45 mmHg

Sp02 292%, NIV 28 h/d

Patients with AHR

v

180  “do not intubate” order

96 neutropenia

476  urgent need for intubation

647  shock or coma Glasgow scale <12
582  hypercapnia (PaCO, >45 mmHg)

F were excluded because:

v

| 525 were eligible |

.| 52 Patients refused to participate
"| 160 were not included for logistical reasons

h 4

| 313 underwent randomization |

—>| 3 Patients withdrew consent

A 4

310 were included in the intention-to-treat analysis

And in the 90-day follow up

}

}

}

94
Oxygen group

106
HFNC group

110
NIV/HFNC group

Frat JP. N Engl J Med 2015;372:2185-96.



High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic
Respiratory Failure
Frat JP N Engl J Med 2015;372:2185-96.

A Overall Population
1.0
0.94
K 0.8+
0.74
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£ 044 High-flow oxygen
k 0.3+
0.24
© 0.1
: P=0.17 by log-rank test
0.0+ T T T T T T 1
0 4 8 12 16 20 24 28
Days since Enrollment
No. at Risk
High-flow oxygen 106 68 67 67 65 65 65 65
Standard oxygen 94 52 50 49 49 49 48 48
Noninvasive ventilation 110 64 57 53 53 53 53 52

Primary endpoint: LOWER INTUBATION RATE

B Patients with a Pao,:Fio, <200 mm Hg

1.0+ 1.0
0.9+ _ 0 High-flow oxygen
2 084
S 03 Standard oxygen
y 0.7 R invasive ventilation
0.7 s
0.6
5 0.6
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0 4 8 12 16 20 2 28 Days since Enrollment
Days since Enrollment No. at Risk
No. at Risk High-flow oxygen 106 100 97 94 94 93 93
High-flow oxygen 83 55 54 54 53 53 53 53 Standard oxygen 94 34 81 77 74 73 72
Standard oxygen 74 37 35 34 34 34 33 33 Noninvasive ven tilation 110 93 86 30 79 78 77
Noninvasive ventilation 81 41 34 32 32 32 32 32

Secondary endpoints: LOWER INTUBATION IN PTS WITH P/F <200 AND SURVIVAL IN THE WHOLE POPULATION



HIGH FLOW NASAL OXYGEN
EFFECT ON OXYGENATION
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HIGH FLOW NASAL OXYGEN
EFFECT ON LUNG PROTECTION
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DELAYED INTUBATION IN HFNO

Critically il patients with intubation despite
af high flow nasal cannula ther n=17T7

Mot transferred to ntensive care unit (ICU) (n=2)

Patients with high flow nasal cannula Patients with high flow nasal cannula
early failure_ywithin 48 hours (n=130) late failure_after 48 hours {n=45)
HFNC early failure group] HFNC late falure groupl

Characteristics All patients Early HENC Late HFNC P value®
(n = 173) falure group fatlure group
(n = 130 in = 43)
Primary outcome
Overall ICU mortality, n (%) 81 (46.3) 51 (39.2)
Secondary outcomes
Extubation success, n (%) 56 (32.0) 49 (31.T) T(15.6) 0.006
Ventilator-weaning, i (%)° 85 (48.6) 12 (554) 13 (289 0,002
Ventilator-free days to day 28" 13297 8.6 £ 10.] 36275 0.001
|4-Day mortality from HENC application, n (%) 53 (30.3) 39 (30.0) 14 (31.1) (.88
[4-Day mortality from intubation, n (%) bl (34.9) 42 (323) 19 {42.2) 0.229
28-Day mortality from HFENC application, n (%) 83 (47.4) bl (46.2) 3 (311 (0. 566
28-Day mortality from ntubation, n (%) 87149.7) bl (46.2) 27 (60.0) (.10
Length of ICU stay” 12,0 (5.0-22.0) 1.0 (5.0-19.3) 6.0 (7.5-28.5) 0,063

Ju Kang B. Int Care Med. 2015; 41:623-632



HOW TO MONITOR THE RISK DURING HFNO?

TIDAL VOLUME IS NOT MONITORED...

SpO2/Fi02
respiratory rate

ROX INDEX:

-~ ROX <3.85
ROX =4.88

12‘; ROX index at 12 hours <3.85

N strong predictor of HFNC
failure

40- p<0.001

20+

Cumulative probability - free of MV (%)

O T T T { } T T T 1
0O 6 12 18 24 72 144 216 288 360
Length of HFNC therapy (hours)

Roca O. Am J Respir Crit Care Med 2019; 199(11):1368-1376
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IMPROVE PROTECT THE
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SUPPORT THE FAILING OXYGENATION
WHICH SUPPORT?

HIGH RESPIRATORY SEVERITY OF
DRIVE: RESPIRATORY

RESPIRATORY RATE, FAILURE:
Pes SWINGS, P/F, ARDS

ULRR AL RISK OF FAILURE AND
ADDITIONAL LUNG INJURY

POOR NIV
SETTINGS:

PATIENT SEVERITY:
SAPSII, SOFA, ACIDOSIS,
SHOCK, NEUROLOGIC
DETERIORATION

LOW PEEP and HIGH
PS

INVASIVE
SUPPORT



THANKS FOR YOUR ATTENTION



