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Scope of the talk
To provide a comprehensive understanding of some 
non-ventilatory determinants to improve ventilation

– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

– Physiotherapy/Rehabilitation

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse/ Selective Decontamination 

– Prone position in ARDS

– Neuromuscular blockers

– Exogenous surfactant, iNO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



THE FACTORS AFFECTING VENTILATION OTHER THAN 
VENTILATOR 

What to measure?

Important proxy marker for ventilation: 

• Mortality
• Mechanical ventilation

– Intubation rate
– Duration of mechanical ventilation

• Duration of stay
– ICU 
– Hospital

• Number of Ventilator assocated pneumonia 
(VAP)

• Grade of Disability
• PO2 and PCO2 



Scope of the talk
To provide a comprehensive understanding of some 

non-ventilatory determinants to improve ventilation/outcome
– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

– Physiotherapy

– Oral Rinse/ Selective Decontamination 

– Endotracheal Tubes  (Silver-Coated + continuous aspiration of the subglottis secretions)

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO or iEPO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



The objective of this study was 
to assess whether  the 
incidence of nosocomial 
pneumonia can also be 
reduced by semirecumbent 
body position in intensive-care
Patients.

Patients were randomly allocated to either semirecumbent 
(45°) or supine body positon (0°)



The incidence rate of clinically suspected  pneumonia:

Semi recumbent group 10.9 per 1000 ventilator days

Supine body position 41.2 per 1000 ventilator days     
 p=0.003

The incidence rate of microbiologically confirmed 
pneumonia:

Semi recumbent group  7.3 per 1000 ventilator days

Supine body position  28.4 per 1000 ventilator days
p=0.013



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome

– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

– Physiotherapy/Rehabilitation

– Oral Rinse/ Selective Decontamination 

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Prone position in ARDS

– Neuromuscular blockers

– Exogenous surfactant, iNO or iEPO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



Randomized, controlled trial

Intervention group:
Sedative infusions were interrupted 
until the patients were awake, on a 
daily basis.

Control group:
The infusions were interrupted only at 
the discretion of the clinicians in the 
intensive care unit.

The primary end points:
Duration of mechanical ventilation
Length of stay in the intensive care unit

The median duration of mechanical ventilation: 
Intervention group:  4.9 days 
Control group 7.3 days (p=0.004),

Median length of stay in the intensive care:
Intervention group: 6.4 days 
Control group : 9.9 days (p=0.02).



The primary endpoint was time breathing without assistance



For every seven patients 
treated with the 
intervention,  one life was 
saved (number needed to 
treat was 7.4 (4.2-35.5).



The primary outcome:
Number of days without mechanical 
ventilation in a 28-day period



Days without ventilation:

Intervention: 13.8 days 

Interrupted 
sedation : 9.6 days

           (p=0.01)



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy /Rehabilitation

– Oral Rinse/ Selective Decontamination 

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO or iEPO

– High-frequency oscillatory ventilation (HFOV)

– Extra-corporeal membrane oxygenation (ECMO)



The primary endpoint:

Number of patients returning to 

independent functional status at 

hospital discharge

(was defined as the ability to perform 

six activities  of daily living and the 

ability to walk independently.)

Secondary endpoints:

Ventilator-free days during the first 28 

days of hospital stay.

Duration of delirium 





Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy /Rehabilitation

– Oral Rinse/ Selective Decontamination 

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Prone position in ARDS

– Adequate Oxygen therapy

– Benefit from exogenous surfactant, iNO or iEPO

– High-frequency oscillatory ventilation (HFOV)

– Extra-corporeal membrane oxygenation (ECMO)



Primary end points:
1. Incidence of ventilator-associated 

pneumonia (VAP) 





Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy /Rehabilitation

– Oral Rinse/ Selective Decontamination 

– Endotracheal Tubes  (Silver-Coated + continuous aspiration of the subglottis 

secretions)

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO or iEPO

– High-frequency oscillatory ventilation (HFOV)

– Extra-corporeal membrane oxygenation (ECMO)



Silver-Coated Endotracheal Tubes and 
Incidence of Ventilator-Associated Pneumonia

The NASCENT Randomized Trial

JAMA. 2008;300(7):805-813



Silver-Coated Endotracheal Tubes and 
Incidence of Ventilator-Associated Pneumonia

The NASCENT Randomized Trial

JAMA. 2008;300(7):805-813



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse

– Prone position (ARDS)
– Adequate Oxygen therapy

– Benefit from exogenous surfactant, iNO or iEPO

– High-frequency oscillatory ventilation (HFOV)

– Extra-corporeal membrane oxygenation (ECMO)



Favors 
Prone

Favors Supine

Long duration of ventilation in prone position seem to reduces 
ICU mortality when only ARDS patients are considered



Multicenter, 
prospective, 
randomized, controlled 
trial

American–European  
Consensus Conference 
criteria ARDS 
definition: 

Pao2:Fio2 ratio of <150 
mm Hg, with an Fio2 of 
≥0.6, a PEEP of ≥5 cm of 
water, and 
a  tidal volume of about 
6 ml per kilogram of 
predicted Body weight.
The criteria were 
confirmed after 12 to 24 
hours of mechanical 
ventilation in the 
participating 
intensive care unit

N Engl J Med. 2013 Jun 6;368(23):2159-68. 



In patients with severe ARDS:
Early application of prolonged prone-positioning sessions 
significantly decreased 28-day and 90-day mortality. 

N Engl J Med. 2013 Jun 6;368(23):2159-68. 



Scope of the talk
To provide a comprehensive understanding of some

non-ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



0

Multicenter,  double-blind trial

Intervention group:
48-h continuous 
cisatracurium infusion
(bolus of 15 mg i.v., then 37.5 mg/h 
infusion for 48 h) 

Severe ARDS defined as:
Within the previous 48 h 
(PaO2 to FiO2 ratio <150 mmHg with PEEP
of at least 5 cm H2O.)
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In patients with severe ARDS, early administration of a neuromuscular blocking agent 
improved the adjusted 90-day survival and increased the time off the ventilator without 
increasing muscle weakness. 

Hazards ratio: 0.68 (0.48-0.98), p = 0.04

The beneficial effect of cisatracurium on mortality was limited to the 

patients presenting a PaO2 to FiO2 ratio of less than 120 mmHg.



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



Usual care

Surfactant

Instillation of a large bolus of 
exogenous natural porcine 
surfactant HL 10 in patients 
with ALI and ARDS did not 
improve outcome and showed 
a trend toward increased 
mortality and adverse effects

Adults

Surfactant replacement therapy is crucial in the management of neonatal respiratory 
failure but the best preparation, optimal dose and timing of administration at 
different gestations is not completely clear. Neonatology 2013;103(4):353-68. 



Inhaled nitric oxide for acute respiratory distress syndrome 
(ARDS) and acute lung injury in children and adults

iNO cannot be recommended 
for patients with acute 
hypoxemic respiratory failure. 



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse

– Prone position in ARDS

– Benefit from exogenous surfactant, iNO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



Extra-corporeal membrane 
oxygenation (ECMO) 

According to the extracorporeal life support 
organization (ELSO) :
ECMO is indicated: 
Risk of mortality exceeds 80%.
PaO2/FiO2 is less than 80 on FiO2 greater than 
90% and Murray score is 3–4’.

Curr Opin Crit Care 2012, 18:99–104

According to the extracorporeal life support 
organization (ELSO):
‘ECMO initiation should be considered:
 In hypoxic respiratory failure when the risk of 
mortality is 50% or greater.
Identified by PaO2/FiO2 less than 150mmHg on 
FiO2 greater than 90% and/or Murray score 2–3.



Intent-to-treat analysis was used for survival and 

cost analysis

The primary outcome 
measure was death or 
severe disability at 6 
months after randomization



The CESAR trial 
showed a 16% 
survival benefit 
without severe 
disability for patients 
in the 
ECMO referral  group 
over conventional 
management.

Survival without 
severe disability in 
patients referred for 
ECMO assessment 
was at twice  
the length of stay and 
twice the cost.

The lifetime predicted 
cost utility of about 
￡ 19 000 per quality-
adjusted life-years.



The study was limited by:

The absence of a Standardised treatment 
protocol in the conventional  

management  group.

The single referral centre.

22 patients randomized to the ECMO arm did 
not receive ECMO (died before 

or during transport, improved with conventional 
management at the referral 

center or had a contraindication to heparin)

Additional average cost per patient of referral 
for ECMO is more than double 

the average cost of treatment with conventional 
management.



Scope of the talk
To provide a comprehensive understanding of some  non-
ventilatory determinants to improve  ventilation/outcome– Staff  (Communication + nursery)

– The Ventilator Bundle

• Benefits from position (semi recumbent position) 

• Sedation

• ulcer disease prophylaxis, and deep venous thrombosis prophylaxis

• More ?

– Physiotherapy

– Endotracheal Tubes  (Silver-Coated  +  continuous aspiration of the subglottis secretions)

– Oral Rinse

– Prone position in ARDS

– Neuromuscular blockers

– Benefit from exogenous surfactant, iNO

– Extra-corporeal membrane oxygenation (ECMO)

– Adequate Oxygen therapy



Adequate Oxygen therapy

Oxygen is a drug. 

Clinically, the primary indication for supplemental oxygen is to reverse hypoxemia

Oxygen saves lives when used appropriately to correct hypoxaemia and is an essential 
component in resuscitation of the critically ill

Intensive Care Med (2011) 37:1–3 DOI 10.1007/s00134-010-2034-y 
Thorax 2008; 63: Suppl. 6, vi1–vi68.

Historically, high levels of oxygen were given to all 
patients with dyspnoea and critical illness
34% of ambulance patients receive oxygen during 
transit and 15–17% of hospital inpatients will be 
receiving oxygen at any given time

No evidence of benefit exists for administering 
oxygen in patients who are normoxaemic (normal 
arterial oxygen levels) or very mildly hypoxaemic



BMJ 2010;341:c5462doi:10.1136/bmj.c5462

Titrated oxygen 
treatment by 
paramedics to achieve 
arterial oxygen 
saturations between 
88% and 92%

Patients with 
breathlessness and a 
history or risk of chronic 
obstructive pulmonary 
disease

Main outcome measure 
Prehospital or in-
hospital mortality.



BMJ 2010;341:c5462doi:10.1136/bmj.c5462

Arterial oxygen saturations between 88% and 92%, reduced the risk of death from 
respiratory failure by 58% for all patients and 78% for COPD and number needed to 
harm of 14



Hypothesis: 

Breathing 100%  oxygen 

for the  first 24 hours  

after an  acute  stroke 

would  not reduce  

mortality,  impairment, 

or disability.

No oxygen

Oxygen

Stroke patients in the treatment group received 
100% oxygen at atmospheric pressure at a rate of 
3 liters per minute through a nasal catheter for
24 hours after they entered the hospital.

The study 
shows  
that 

Oxygen 
supplem
entation 

given as 
routine  

treatment 
does not 

appear to 
be of 
benefit 

for MILD 
stroke 
victims.



JAMA. 2010;303(21):2165-2171

Patient inclusion criteria were age older 
than 17 years, nontraumatic cardiac
arrest, cardiopulmonary resuscitation 
within 24 hours prior to ICU arrival, and 
arterial blood gas analysis performed 
within 24 hours following ICU arrival

Patients were divided into 3 groups 
defined a priori based on PaO2 on the 
first arterial blood gas values obtained in 
the ICU.

Critical care database of intensive care 
units (ICUs) at 120 US hospitals between 
2001 and 2005



Suggests that both hypoxemia and hyperoxemia are associated 
with increased mortality and disposition.

Paradoxically: Giving too much oxygen at the time of an acute 
infarction may worsen Oxygen delivery to the cardiac muscle

JAMA. 2010;303(21):2165-2171



High-concentration versus titrated oxygen therapy in 
ST-elevation myocardial infarction: 
A pilot randomized controlled trial

A randomized controlled trial (n= 136) 

The first STEMI uncomplicated by cardiogenic shock or marked hypoxia were 

randomized to receive high-concentration (6 L/min via medium concentration 
mask) or 

Titrated Oxygen  (to achieve oxygen saturation 93%-96%) for 6 hours after  
presentation.

Am Heart J 2012;163:168-75.)

The main outcome variables:
30-day mortality
Infarct size assessed by 
troponin T level at 72 hours



THE FACTORS AFFECTING 
VENTILATION OTHER THAN 

VENTILATOR

Prof. Dr Finn Rasmussen PhD. DMSc. Near East University Hospital North Cyprus

Thanks for your attention
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