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AECOPD a worldwide problem

• 1990 COPD 6th most common cause of death

• 2020 to become the 3rd
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Relevant alterations in AECOPD
ERS/ATS guidelines 2017 ERJ 2017; 49:1600791

AECOPD = episodes of increasing respiratory symptoms, 
particularly dyspnea, cough & sputum production, and 
increased sputum purulence

Have a negative impact on QOL

Accelerate disease progression

Can result in hospital admissions & death
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Landing of a COPD patient in the ICU

• Postoperatively due to emergency, urgency or scheduled surgery

• Admitted through SMURD or by transfer from a noninvasive clinic –
usually COPD exacerbations

Fundamental physiologic abnormality

Can we change the outcome with perioperative MV strategy?

MV in the ICU

How long can a COPD patient live on a ventilator?

Guidelines?!
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AECOPD
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Fundamental and 

pathological hallmark of 

COPD: expiratory flow 

limitation  EFL



Systemic effects of COPD/mechanisms
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Lung edema 

clearance enhanced 

by CO2!



Hyperinflation in COPD/
Static Hyperinflation

pulmonary elasticity due to emphysema

pulmonary recoil pressure to oppose chest recoil

Recoil forces balanced at << normal resting volumes
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AECOPD characteristics
Dynamic hyperinflation = fundamental characteristic of COPD and 
asthma

• end-expiratory pulmonary volume (EELV) over the predicted RLC (residual lung 
capacity)

•  EELV  VR relaxation volume of the respiratory  system

Conditions:
Bronchospasm

Exacerbations AECOPD

ventilation due to chemostimulation &

 respiratory neural drive

• May be aggravated by mechanical ventilation
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TLC  120% of anticipated TLC = thoracic hyperinflation
FRC 120% of anticipated FRC = lung hyperinflation
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IC or IC/TLC

= indirect measure of 

lung hyperinflation 

when TLC is stable. 

IC/TLC < 25% 

associated with CV 

mortality, LV filling, 

EDV + exercise 

tolerance. 



DH
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 RV > 120% 

anticipated 

value = 

pulmonary gas 

trapping



Negative consequences of Dynamic 
Hyperinflation in AECOPD
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Negative consequences of Dynamic 
Hyperinflation in AECOPD

3/1/2019CEEA decembrie 2018

13

Increased 

WOB!!!



Potential deleterious effects of DH on 
cardiopulmonary interactions in COPD.

3/1/2019CEEA decembrie 2018

14



3/1/2019CEEA decembrie 2018

15



Diagnosing DH

• Slow filling of a manual ventilator bag

• Capnography trace not reaching plateau

• Expiratory flow not reaching zero in flow-time/volume graph

• Measure  intrinsic PEEP

• If mechanically ventilated, circuit impedance increases 
iPEEP!
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Sharkskin shape capnogram
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COPD = PaCO2-ETCO2



DH !?

• Bronchoscopy to remove bronchial plugs HI of the lungs 
with free bronchi

• Disconnection from MV + external thoracic compression

• PEEP  homogeinity
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AECOPD characteristics 
Relaxation in sitting position V/P curves
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AECOPD characteristics
After Deesomchok A et al. COPD 2010; 427-37
Tashkin DP et al. NEJM 2008; 177:622-9
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Mechanical effects of AECOPD
Thorax  2006; 61:354-61
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How to ventilate an AECOPD patient?
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GOLD indications for ICU admission

• Severe dyspnea that responds inadequately to initial emergency 
therapy

• Confusion, lethargy, coma

• Persistent or worsening hypoxemia PaO2 < 6.7kPa, 50mmHg

• Severe worsening hypercapnia PaCO2 > 9.3kPa, 70mmHg or

• Severe, worsening respiratory acidosis pH < 7.30 despite 
supplemental O2
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Indications for NIPPV
Ahmed S et al, Indian J Anaesth. 2015, 59(9):589-598

• pH 7.30-7.25

• Nonresponders to medical therapy PaO2<50mmHg, PaCO2 > 80-
90mmHg, pH7.2 with following: 
• Sick, but not moribund

• Able to protect airway

• Conscious and cooperative

• Haemodynamically stable

• No excessive respiratory secretions

• Few comorbidities

• Pts who have declined intubation

• As a weaning facilitator

• Home NPPV for pts with recurrent admissions
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NIV
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Agitation!
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• 21 trials

• Only NIV considered for pts with hospitalized AECOPD 
associated with acute on chronic respiratory failure

• The 4th (7 all) rec: For patients who are hospitalized 
with a AECOPD associated with acute or acute on 
chronic respiratory failure, we recommend the use of 
NIV. 

• Power of rec? Strong

• Evidence quality? Low 3/1/2019CEEA decembrie 2018
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• NIV lower mortality rate 7.1 vs 13.9%

• Less likely to require intubation 12% vs 30.6%

• Shorter LOS;  mean difference 2.88 days

• Shorter ICU stay ; mean difference 4.99 days

• Fewer complications of treatment 15.7% vs 42%

• No difference in pH after 1 h
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Drawback:

Lack of blinding

No reports on nozocomial

pneumonia!!!



BTS guidelines 2017/ Recommendations 

For most pts with AECOPD the initial treatment should be optimal medical therapy 
and targeting an SpO2 of 88-92% A

NIV should be started when pH<7.35 and pCO2 6.5kPa and RR > 23 breath/min
persist or develop after 1 hour of optimal therapy A

Severe acidosis alone does not preclude a trial of NIV in an appropriate area with 
ready access to staff who can perform safe endotracheal intubation. B

The use of NIV should not delay escalation to IMV when this is more appropriate C

The practice of NIV should be audited regularly to maintain standards C
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6 kPa = 45mmHg

6.5 kPa = 48.7mmHg



BTS

• Advanced age alone should not preclude a trial of NIV A

• Warnings to change the management strategy: worsening of pH, 
RR: clinical review, change of interface, adjustment of settings, 
consider IMV

• !!! In sleep disorders breathing pre- AHRF, or evidence as a 
complication, use controlled NIV during night.
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BTS guidelines / red flags for NIV

Red flags

• pH < 7.25 on optimal NIV

• RR > 25/min

• New onset confusion

Check

• Synchronization 

• Mask fit

• Exhalation port

• Give physiotherapy

• Bronchodilators

• Consider anxiolytic
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NIV

1. Systematic ABG assessment 

1. Assess paO2 – O2 if required

2. Interpret pH

3. Interpret paCO2

4. Interpret metabolic component

5. Identify the origin – respiratory or metabolic

6. Interpret results in light of patient’s history
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NIV pressure-cycled BiPAP (IPAP + EPAP)

•  the effort of breathing

• Resting respiratory muscles

•  respiratory rate

•  CO2 levels

•  O2 levels

• Correcting pH as alveolar ventilation improves

•  the volume of each breath

•  the need for tracheal intubation
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Exclusion criteria for NIV BiPAP

• Severe comorbidities

• Severe cognitive impairment

• Facial burns/trauma/surgery

• Vomiting

• Fixed upper airway 
obstruction

• Undrained pneumothorax

• Inability to protect airway

• Upper GI surgery

• Copious respiratory 
secretions

• Dying patient

• Bowel obstruction

• Life-threatening hypoxemia

• Haemodynamic instability
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Initial FiO2

Slightly higher than that the patients received prior to 
CPAP

Adjusted to achieve the required SaO2 88-95%
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Settings  Target saturations 88-92%

• Sitting/semirecumbent

• 10cmH2O for IPAP

• 4-5cmH2O for EPAP

• IPAP titration in 2-5 
increments at a rate of 5cm 
every 10min

• Maximum target IPAP 
20cmH2O

• EPAP can be increased to a 
max of 6 cmH2O (increments 
of 1)

• Every EPAP increase should 
be associated with an IPAP 
increase (titrated up by 2). 
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Success of NIV

• pH improving 

• Respiratory rate decreases

• Better PaCO2, PaO2 at 4 hours of acute NIV BiPAP

• If successful, the recommended duration of therapy is of 48-72 
hours
• D1 as long as possible

• D2 16hrs 

• D3 12 hrs
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Weaning from BiPAP

• ABGs within normal parameters for the patient 

• SpO2 > 85% in room air or 24-28% O2 by a Venturi
mask

• RR < 25/min

• No use of accessory muscles

• Able to talk in full sentences
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NIV failure

• pH worsening/respiratory rate after 4 
hours of BiPAP

• Failure to tolerate BiPAP

• GCS decline

• Hypotension

• Uncorrected hypoxemia

• No change in both pH and respiratory 
rate at 4 hours

20-40% failure 
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BTS evidence statements

• Intubation is indicated if NIV is failing unless it is agreed that 
this is not desired by the patient or it is deemed not in the 
patient’s best interest. Level 1+.

• Neither patients characteristics nor pathophysiological 
parameters are sufficiently robust to predict success of NIV or 
MIV but, in general, the more adverse features that are present 
and the greater the physiologic disturbance the higher the 
chance of treatment failure or death. Level 2++
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Shifting from NIV to IMV
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Hypercapnic

encephalopathy



• Pulmonary rehabilitation: initiated during 
hospitalization increased exercise capacity, but also 
mortality?!
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PEEP for COPD/waterfall perspective
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Airtrapping in COPD\iPEEP = air trapping + 
expiratory muscle contraction
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Reasons to perform bronchoalveolar lavaj, 
suction
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Management of autoPEEP
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•  minute volume

•  exhaling duration

• Extrinsic PEEP

• Sedation

• Fever control

• Bronchodilators



Effect of extrinsic PEEP on WOB 
Provide ePEEP!
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Flow volume loops
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JAMA

Effects of MV on the 

diaphragm: flattened, split



Ventilation strategy for AECOPD
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• Primary goal: PaO2 to 60mmHg & SaO2 to 90%

• VT 8-10ml/kgc

• Minventil 115ml/kg

• Long expiratory times

• High inspiratory flow allow short inspiratory times  longer 
expiratory time for any given RR

• Lower RR

• Volume control more versatile vs pressure control



Minute ventilation
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• VT 6-7ml/kg

• RR 12/min. IC is reduced

• Low MV  PaCO2 = the price payed for preventing 
DH

• Literature suggestion: Risk of DH >>> permissive 
hypercapnia

• ! Provide enough ventilation to keep a Normal  PH, nor 
a normal PaCO2



Ventilator related factors

• Narrow ET

• External PEEP

• Insensitive triggering

• Decreased triggering threshold of the ventilator

3/1/2019CEEA decembrie 2018

56



Readiness to wean
Boles JM et al. Reanimation 2008, 17, 74-97

Clinical assessment

• Absence of excessive tracheo-
bronchial secretions

• Resolution of disease acute 
phase for which the patient was 
intubated

Objective measurements

• Stable CV status (<140/min, sBP 90-160mmHg, no or 
minimal vasopressors)

• Stable metabolic status

• Adequate oxygenation SaO2>90% on FiO2 0.4; P/F 
150mmHg; PEEP8cmH2O

• Adequate pulmonary function: fR<35/min; 
fR/VT<105resp/min/l;MIP  - 20-25cmH2O1; 
VT>5ml/kgc; no significant acidosis

• Adequate mentation: no sedation or adequate 
mentation on sedation
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Weaning BTS Guidelines 
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• Adequate oxygenation P/F > 27 kPa (200mmHg)

• PEEP < 10cmH2o

• Adequate alveolar ventilation pH > 7.3, PaCO2 < 6.5KPa

• Fluid balance optimized 



SBT Boles

1st SBT

• 30min

• T tube or low PS: 5-8mmHg  5 cmH2O PEEP

• To avoid SIMV!
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After extubation

1. Venturi Mask 

2. Rezervoir nonrebreathing masks 10-15l/min

3. Nasal cannulae FiO2 0.45
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Air humidifiers/filters HMEFs AARC 
guidelines 2012
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Standards of humidifiers used with intubated 
pts HMEF Heat Moisture Exchange Filters

• Moisture output at least 33g or

• Absolute humidity of 75% 9
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TS or NOT? When?

BTS/ICS
It is accepted that translaryngeal intubation beyond 10 
days days can be detrimental.

In AHRF due to COPD, and in many patients with NMD or 
OHS, NIV – supported extubation should be employed in 
preference to inserting a tracheostomy.
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Survival on the long run?



ECCO2R

3/1/2019CEEA decembrie 2018

68



ECCO2R

2 italian ICUs (May 2011-Nov 2013)

Added to NIV when at risk for NIV failure (at least 2 hrs of 
continuous NIV)

aPH ≤ 7.3

PaCO2 > 20% of baseline

RR  30/min or accessory resp muscles/paradoxical abd
movements
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Clinical efficacy: 

the ability to 

wash out 

excessive CO2 by 

increasing 

alveolar 

ventilation. 



ECCO2R interruption

Reversion to NIV only when all the following were preserved for 
at least 12 hrs:

• RR < 25/min

• pHa > 7.35

• PaCO2 < 20% of baseline

• No accessory muscle work and/or paradoxical abd movements
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ECCO2R adverse events 52%

Mecahnical

• Membrane lung failure

• Clots/air in circuit

• Pump malfunction

• Tubing rupture

Patient related

• Vein perforation

• Significant bleeding (ICU, 
packed red cells)

• DH instability 

• +… a lot!
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AECOPD suggestions / 
recommendations

a. NIV

b. NIV + ECCO2R (del Sorba et al)

c. IMV : Intubated or tracheostomized

d. IMV + ECCO2R (case reports)
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Prolungmeter
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AECOPD outcome

CCI pts = chronic critical pts

= successfully survived an initial insult, but do not 
recover readily enough to be liberated from intensive 
care.

CCI = organ dysfunction that lasted for 14 days or longer 
and requiring ICU treatment.

Nelson GI et al. Crit Care Med, 2017, 45(12):2104
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How long can a COPD patient live on a ventilator?
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COPD deceased 5x> survivors 1 year following discharge

3/1/2019CEEA decembrie 2018

78



3/1/2019CEEA decembrie 2018

79



3/1/2019CEEA decembrie 2018

80

AECOPD = high risk

Poor prognosis

??!! What is achievable with NIV 

outside the ICU

pH<7.25 worse outcome at NIV 

initiation
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Effects of Hypercapnia and Hypercapnic acidosis on hospital 
mortality in Mechanically Ventilated Patients
Turuvoipati R et al. Crit Care Med, 45:e642-e656

“Hypercapnic acidosis during the first 24 hrs on 
intensive care admission is more strongly associated 
with increased hospital mortality than compensated 
hypercapnia or normocapnia.”

ANZICS = 1 245 694 pts /47198 mechanically ventilated. 
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COPD was an independent risk 

factor for 1 year survival!



BTS statements

• There is evidence of “prognostic pessimism” among clinicians 
caring for  patients with AECOPD.

• Rec 37. Clinicians should be aware that they are likely to 
understimate survival in AECOPD treated by IMV. Grade B

•

• Rec 38. Clinicians should discuss management of possible future 
episodes of AHRF with patients following an episode requiring 
ventilatory support because there is a high risk of recurrence. 
Grade B
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Semiocolon evolution of lung dysfunction in 
COPD due to AECOPD
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Management COPD perioperatively
Slinger P.IARS 2013 review curse lectures; www.iars.org

• Nocturnal hypoxemia

• RV dysfunction

• Al pts COPD stage II or III need ABGs to identify patients at risk 
of developing hypercapnia

• Bullae – blebs asymptomatic until >50% of the hemithorax ( + 
restrictive respiratory disease)

Recently: reduction interventional bronchoscopy – unidirectional 
br valves.
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Management COPD perioperatively
Slinger P.IARS 2013 review curse lectures; www.iars.org

4 perioperatve complications:

• Atelectasis

• Bronchospasm

• Respiratory tract infections

• Pulmonary edema
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