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Permissive hypercapnia in ARDS
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O PATHOPHYSIOLOGY

https://www.researchgate.net/publication/342432932_Coronavirus_COVID-
19_Fulminant_Myopericarditis_and_Acute_Respiratory_Distress_Syndrome_ARDS_in_a_Middle-Aged_Male_Patient/figureselo=1



Ovigin of

Edema

We got some
Serious situation here...

ARDS: The Definition

Alveoli is getting
Damaged in no time !!

i . —p
Non cardiogenic

Pulmonary edema

On radiography

B/L Pulmonary
Infiltrates
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Lungs on the
Other hand are
Being lazy ....

For heaven's sake
please give me

Oxygen |l

Ovrgans getting

Oxygen deprived

&2020 Priyanga Singh

(Noncardiogenic Pulmonary Edema)
Bilateral pulmonary infiltrate

~—

Hypoxia

in absence of heart failure
(PCWRP is <17 mm of HQg)

https://creativemeddoses.com/topics-list/acute-respiratory-distress-syndrome-ards/
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Figure 3 Scanning clectron micrograph depicting an undamaged alveolar surface (right panel) and fragmented alveolar epithelium (left

pancl) caused by two hours of ventilation at high tidal volumes and zero end expiratory pressure. Reproduced with permission from

Hamlington ¢z al. (88).







OXYGENATION GOAL: Pa0, 55-80 mmHg or 5p0, 88-95%
Use a minimum PEEP of 5 cm H.0. Consider use of incremental Fi0,/PEEP
combinations such as shown below (not required) to achieve goal.

Lower PEEP/higher Fi02

NHLBI ARDS NETWORK * Fo, |13 {ud [od w5 T 0 T [a7

Mechanical Ventilation Protocol NIH NHLBI ARDS Clinical Network (Fio, [07 [08 [09 09 [09 [10 |
. " : Mechanical Ventilation Protocol Summary 'pEEP [14 [14 [14 (16 |18 [18M |
Low tidal volume ventilation = 6cc/kg (of ideal body
0, 03 103 {03 T35 T8 Tt T o5
weight) INCLUSION CRITERIA: Acute onset of RO,
L 70,60, <0 arocd o) . [PEEP [5 |8 [10 [12 |14 |14 [16 [16 |
Pplat (airway pressure) = determined by a 1-second b e st o honogens) s S g, Tog Tos48 o8 Tu9 [0 [10 |
. . 3. No clinical evidence of left atrial hypertension veep |18 % |m |2 [0 [¥ |
hold maneuver with the ventilator of less than 30
mn VENTILATOR SETUP AND ADJUSTMENT
mm Hg Calculate predicted body weight (PEW)
Males = 50 + 2.3 [height (inches) - 60] PLATEAU PRESSURE GOAL: < 30 cm H,0
» ) ) o Females = 45.5 + 2.3 [height (inches) -60] Check P!:lut (0.5 second inspiratory pause), at least q 4h and after each
Utilization of higher PEEP (minimum of 14 at 48 hours) .~ Select any ventiator mode change i PEEP or V. -
. Set ventilator settings to achieve initial V; = 8 mijkg PBW nlrh:I}It > 30 cm H,0: decrease V- by 1ml/kg steps (minimum = 4
i . Reduce Vr by 1 mikg at intervals < 2 hours until Vr = Gmi/kg PBW. Mhi/Hg).
and low FIO2 strategies " Santa ot o approvimate aseine minue veniaion 1ot > 35 1 Ppat < 25 cm Hy0 and Vo< 6 g, ncease s by 1 il i
bpm). Pplat > 25 em H,0 or Vr = 6 mijkg.
Goal SpO2 88% to 95% and avoidance of . Adiust Vrand RR to achieve pH and plateau pressure goals below. If Pplat < 30 and breath stacking or dys-synchrony occurs: may

increase Vrin 1mi/kg increments to 7 or 8 mijkg if Pplat remains < 30 om
. H:0.
hyperoxemia

Young M, DiSilvio B, Rao S, Velliyattikuzhi S, Balaan M. Mechanical Ventilation in ARDS. Crit Care
Nurs Q. 2019 Oct/Dec;42(4):392-399.



Young M, DiSilvio B, Rao S, Velliyattikuzhi S, Balaan M. Mechanical Ventilation in ARDS. Crit Care Nurs Q. 2019 Oct/Dec;42(4):392-399.

PaCQO2 levels should rise by
less than 10 mmHg/h and

Normally allowed to rise a
level of 45 to 65 mmHg.

Ph levels of 7.25 or more seem
fo be the most common
target

Buffering agents
«  sodium bicarbonate

«  tromethamine



Is it harmless?

Pulmonary Vascular
4 PVR
4 mPAP

Immunologic

‘l’ Inﬂammatory

Cytokines

Vascular ——»
v SVR

«—— Central Nervous System

'T‘ Cerebral vasodilation

? Cerebral blood flow

Cardiovascular
Vv Contractility

} HR

V RVEE

A RVSWI

Renal

T Vasoconstriction
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Morales-Quinteros L, Camprubi-Rimblas M, Bringué J, Bos LD, Schultz MJ, Artigas A. The role of hypercapnia in acute respiratory failure. Intensive Care
Med Exp. 2019 Jul 25;7(Suppl 1):39. doi: 10.1186/540635-019-0239-0. PMID: 31346806; PMCID: PMC6658637.




Abstract
Multicenter Study

. Purpose: To ana
doi: 10.1007/s00134-016-4611-1. Epub 2017 Jan 20. .

start of mechanical v

Severe hypercapnia and outcome of mech
ventilated patients with moderate or seve
respiratory distress syndrome

Conclusions: Severe hypercapnia appears to be independently associated with higher ICU mortality in
patients with ARDS.

The incidence of severe hypercapnia increased significantly with the time (1998,
2004, and 2010) as a consequence of the diverse respiratory strategies practiced
over the years, which may reflect the feeling of many intensivists that hypercapnia
could be beneficial, however...

Nin et al. Severe hypercapnia and outcome of mechanically ventilated patients with moderate or severe acute respiratory distress syndrome. Intensive
Care Med. 2017 Feb;43(2):200-208.



Abstract
Multicenter Study > Crit Care Med. 2017 Jul;45(7).e649-e656. . o S . o
Objectives: Lung-protective ventilation is used to prevent further lung injury in patients on invasive

doi: 10.1097/CCM.0000000000002332. mechanical ventilation. However, lung-protective ventilation can cause hypercapnia and hypercapnic
acidosis. There are no large clinical studies evaluating the effects of hypercapnia and hypercapnic

EffECtS 'Df Hypercapnia and Hypercapnic AcidlacidCSis in patients requiring mechanical ventilation.
Design: Multicenter, binational, retrospective study aimed to assess the impact of compensated

HDSPital Morta]-ity in MEChanically VentilatEdhypE’capnia and hypercapnic acidosis in patients receiving mechanical ventilation

-
Patlents Settings: Data were extracted from the Australian and New Zealand Intensive Care Society Centre for
Cutcome and Resource Evaluation Adult Patient Database over a 14-year period where 171 ICUs
contributed deidentified data.

[a¥]

Patients: Fatients were classified into three groups based on a combination of pH and carbon dioxide
levels (normocapnia and normal pH, compensated hypercapnia [normal pH with elevated carbon
dioxde], and hypercapnic acidosis) during the first 24 hours of ICU stay. Logistic regression analysis
was used to identify the independent association of hypercapnia and hypercapnic acidosis with
hospital mortality.

Interventions: Mil.

Measurements and main results: 4 total of 252 812 patients (normocapnia and normal pH, 110,104,
compensated hypercapnia, 20,463; and hypercapnic acidosis, 122,245) were included in analysis.
Patients with compensated hypercapnia and hypercapnic acidosis had higher Acute Physiclogy and
Chronic Health Evaluation lll scores (49.2 vs 53.2 vs 88.6; p < 0.01). The mortality was higher in
hypercapnic acidosis patients whan compared with other groups, with the lowest mortality in patients
with normocapnia and normal pH. After adjusting for severity of iliness, the adjusted odds ratio for
hospital mortality was higher in hypercapnic acidosis patients (odds ratio, 1.74; 93% Cl, 1.62-1.88) and
compensated hypercapnia (odds ratio, 1.18; 95% Cl, 1.10-1.26) when compared with patients with

In another retrospective analysis including o
\/enﬂloﬂon showed that p(]‘l'ien‘l's (VYisYo e [=\1=1[@ ormocapnia and nermal pH (p < 0.001). In patients with hypercapnic acidosis, the mortality

increased with increasing PCO2 until 85 mm Hg after which the mortality plateaued.

65 mmHg) during the first 24 h of mechania
Conclusions: Hypercapnic acidosis duri he first 24 rs of intensiv dmission i re
_I_hon _I_hose Who hOd CompenSOTed hypercgp USIons H_ rcapnic aciaosis Jrlr‘gt e st nours or Intensive care a SI0N s mo

strongly assodiated with increased hospital mortality than compensated hypercapnia or normocapnia.

Tiruvoipati R, Pilcher D, Buscher H, Botha J, Bailey M. Effects of Hypercapnia and Hypercapnic Acidosis on Hospital Mortality in Mechanically Ventilated
Patients. Crit Care Med. 2017 Jul;45(7):e649-e656.



Table 3 Randomized controlled studies in lung-protective ventilation and PaCO, levels

(mmHg £ 50) (mmHg £ 5D)
ARDSNet [2] Y 358+ 8 400 + 100
Amato et al. [66] e 5 580+ 30
Brochard et al. [46] ' 41. 595
Brower et al. [67]
Stewart et al. [68]

LPV lung-protective ventilation

Different studies, different results...

Morales-Quinteros L, Camprubi-Rimblas M, Bringué J, Bos LD, Schultz MJ, Artigas A. The role of hypercapnia in acute respiratory failure. Intensive Care
Med Exp. 2019 Jul 25;7 (Suppl 1):39.



O ECCOZ2R facilitated ventilation with ultralow tidal volumes near to 3 mL/kg PBW, while

preventing hypercapnic acidosis*

O One currently recruiting randomized clinical trial evaluates whether ultraprotective
ventilation by employing ECCO2R affects ?0-day mortality in patients with hypoxemic

acute respiratory failure**

*Strategy of UliraProtective Lung Ventilation With Extracorporeal CO2 Removal for New-Onset Moderate to seVere ARDS (SUPERNOVA)
**pRotective vEntilation With Veno-venousS Lung assisT in Respiratory Failure (REST)



O It can be associated to adverse effects such worsening hypoxemia and increased FO2

requirements due to a decrease in mean airway pressure, low ventilation-perfusion ratio, and

lower partial pressure of alveolar oxygen secondary to a decreased lung respiratory quotient.

O Besides, because of the low flow system of ECCO2R, higher anticoagulation requirements are
needed in order to maintain ECCO2R efficiency and performance. Therefore, significant
complications may occur as a consequence of anticoagulation or catheter insertion with

hemodynamic instability and a higher number of red blood cell fransfusions needed.

Morales-Quinteros L, Camprubi-Rimblas M, Bringué J, Bos LD, Schultz MJ, Artigas A. The role of hypercapnia in acute respiratory failure. Intensive Care
Med Exp. 2019 Jul 25;7(Suppl 1):39.



O What the exact impact of high carbon dioxide levels on the outcome of ARDS patients
remains uncertain.

O More importantly, whether it should be accepted or whether it should be prevented or
treated with invasive techniques for extracorporeal removal remains highly uncertain.



Thanks for listening....




