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Airway closure
Atelectasis

Atelectasis because of gas	resorbtion
Takes more than an	hour on	air,	but only a	few minutes on	oxygen
(Oxygen	is	absorbed,	nitrogen	almost not)



Redrawn from:
Tokics et al, J Appl Physiol 1996
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Shunt
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Waking

Anesthetized

Low V/Q: airway closure
Shunt: atelectasis  high V/Q: mimics deadspace



- Eighty patients	with no	cardio-
pulmonary disease

- Studied during anesthesia
before surgery

- Heart catheterization
- Multiple Inert	Gas	Technique
- Computed tomography
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Log shunt = − 0.0006x2 + 0.0069x + 0.761; r2 = 0.17, p = 0.001 Log shunt = 0.054x – 0.638; r2 = 0.15, p < 0.001



Age (years) BMI (kg/m2)
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Log low VA/Q = 0.015x – 0.093; p < 0.001 Log low VA/Q = – 0.016x + 0.224; p = 0.360



Age-dependent effects on	shunt	and	low VA/Q																					
during anesthesia

Age,	yrs 25 45 65

Shunt,	% 1.1 4.6 3.6
(atelectasis)

Low VA/Q,% 1.2 4.6 8.0		
(cyclic airway closure)

P/F,	mmHg 476										 396											 316
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Higher	Age	and	Obesity	limit	atelectasis	formation	during	anaesthesia
an	analysis	of	computed	tomography	in	243	patients

Göran	Hedenstierna,	Leif	Tokics,	Henrik	Reinius, Hans	U	Rothen,	Erland	Östberg,	John	Öhrvik

y	=	0.932	+	0.0008x	- 0.0006x2,	r2=	0.08,	p	<	0.001	 y	=	0.990	+	0.0309z1 - 0.0008z2,	r2	=	0.06,	p	<	0.001



CC: Closing Capacity,
lung volume at
which airways close
during expiration

Why increase in	atelectasis up to	50	years and	then a	decline?



Age dependence!

1.	Airway closure during
regular breathing,	awake,	
supine from	45-50	years;
2.	Slower pre-oxygenation
In	elderly and	in	obese;
3.	Incomplete O2 washin
and	N2 washout;
4.	Less	atelectasis.
(5.	Longer pre-oxygenation:
safer intubation	but more
atelectasis?)



BMI dependence!

1.	Airway closure during
regular breathing,	awake,	
supine from	45-50	years;
2.	Slower pre-oxygenation
In	elderly and	in	obese;
3.	Incomplete O2 washin
and	N2 washout;
4.	Less	atelectasis.
(5.	Longer pre-oxygenation:
safer intubation	but more
atelectasis?)



Dependence on
preoxygenation time!



Dependence on
preoxygenation time!

Efficient washout of nitrogen



Dependence on
preoxygenation time!

Dependence on
inspired oxygen concentration?



Awake Post induction
FIO2: 0.3

Anesthesia 30 min
FIO2: 0.3

Rothen, Lancet 1995

30% oxygen during induction of anesthesia



Discriminatory power (r2)	to	detect atelectasis during anesthesia

Age(linear):	<0.01

Age(quadratic):	0.08

BMI(linear):	0.04

BMI(broken	line):	0.06

Age(quadratic)+	BMI(broken	line)	:	0.12

FIO2(low vs	high)	:	0.06

Age(quadratic)+	BMI(broken	line)	+	FIO2(low vs	high): 0.20



Navigare necesse est
Vivere……
Thank you!



Blood flow 2 ml/min/ ml

Dantzker, Wagner and West, J Appl Physiol 1975

Low ventilation/perfusion ratio (Low VA/Q)



Atelectasis during anesthesia:

1. Fall	in	FRC	à airway closure
2. High inspired oxygen	concentration

à gas	absorbtion

When both are present	à atelectasis!



CC: Closing Capacity,
lung volume at
which airways close
during expiration:	obesity

BMI dependence!


