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Ventilatory Assistance

Lynelle N. B. Pierce, MSN, RN, CCRN

•	 Review	Questions
•	 Mosby’s	Nursing	Skills	Procedures

•	 Animations
•	 Video	Clips

Many additional resources, including self-assessment exercises, are located on the Evolve companion website at  
http://evolve.elsevier.com/Sole.

INTRODUCTION
Essential	 nursing	 interventions	 for	 all	 patients	 include	
maintaining	 an	 adequate	 airway,	 and	 ensuring	 adequate	
breathing	(ventilation)	and	oxygenation.	These	nursing	in-
terventions	provide	the	framework	for	this	chapter.	Respi-
ratory	 anatomy	 and	 physiology	 are	 reviewed	 to	 provide	 a	
basis	for	discussing	ventilatory	assistance.	Assessment	of	the	
respiratory	 system	 includes	 physical	 examination,	 arterial	
blood	gas	 (ABG)	 interpretation,	and	noninvasive	methods	
for	 assessing	 gas	 exchange.	 Airway	 management,	 oxygen	
therapy,	and	mechanical	ventilation,	important	therapies	in	
the	critical	care	unit,	are	also	discussed.

REVIEW OF RESPIRATORY ANATOMY  
AND PHYSIOLOGY
The	 primary	 function	 of	 the	 respiratory	 system	 is	 gas	 ex-
change.	 Oxygen	 and	 carbon	 dioxide	 are	 exchanged	 via	 the	
respiratory	 system	 to	 provide	 adequate	 oxygen	 to	 the	 cells	
and	 to	 remove	 carbon	 dioxide,	 the	 by-product	 of	 metabo-
lism,	from	the	cells.	The	respiratory	system	is	divided	into	(1)	
the	upper	airway,	 (2)	 the	 lower	airway,	 and	 (3)	 the	 lungs.49	
The	upper	airway	conducts	gas	to	and	from	the	lower	airway,	
and	the	 lower	airway	provides	gas	exchange	at	 the	alveolar-
capillary	membrane.	The	anatomical	structure	of	the	respira-
tory	system	is	shown	in	Figure	9-1.

Upper Airway
The	upper	airway	consists	of	the	nasal	cavity	and	the	phar-
ynx.	The	nasal	cavity	conducts	air,	filters	large	foreign	parti-
cles,	and	warms	and	humidifies	air.	When	an	artificial	airway	

is	placed,	these	natural	functions	of	the	airway	are	bypassed.	
The	nasal	cavity	also	is	responsible	for	voice	resonance,	smell,	
and	sneeze	reflexes.	The	throat,	or	pharynx,	transports	both	
air	and	food.

Lower Airway
The	lower	airway	consists	of	the	larynx,	trachea,	right	and	left	
mainstem	bronchi,	bronchioles,	and	alveoli.	The	larynx	is	the	
narrowest	part	of	the	conducting	airways	in	adults	and	con-
tains	 the	 vocal	 cords.	 The	 larynx	 is	 partly	 covered	 by	 the	
epiglottis,	which	prevents	aspiration	of	food,	liquid,	or	saliva	
into	 the	 lungs	 during	 swallowing.	 The	 passage	 through	 the	
vocal	cords	is	the	glottis	(Figure	9-2).

The	trachea	warms,	humidifies,	and	filters	air.	Cilia	in	the	
trachea	propel	mucus	and	foreign	material	upward	through	
the	 airway.	At	 about	 the	 level	 of	 the	 fifth	 thoracic	 vertebra	
(sternal	angle,	or	angle	of	Louis),	 the	trachea	branches	 into	
the	right	and	left	mainstem	bronchi,	which	conduct	air	to	the	
respective	lungs.	This	bifurcation	is	referred	to	as	the	carina.	
The	right	mainstem	bronchus	is	shorter,	wider,	and	straighter	
than	the	left.	The	bronchi	further	branch	into	the	bronchioles	
and	finally	the	terminal	bronchioles,	which	supply	air	to	the	
alveoli.	Mucosal	cells	in	the	bronchi	secrete	mucus	that	lubri-
cates	the	airway	and	traps	foreign	materials,	which	are	moved	
by	the	cilia	upward	to	be	expectorated	or	swallowed.

The	alveoli	are	the	distal	airway	structures	and	are	respon-
sible	for	gas	exchange	at	the	capillary	level.	The	alveoli	consist	
of	a	single	layer	of	epithelial	cells	and	fibers	that	permit	ex-
pansion	and	contraction.	The	type	II	cells	inside	the	alveolus	
secrete	surfactant,	which	coats	the	inner	surface	and	prevents	
it	from	collapsing.	A	network	of	pulmonary	capillaries	covers	
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the	alveoli.	Gas	exchange	occurs	between	the	alveoli	and	these	
capillaries.49,61	 The	 large	 combined	 surface	 area	 and	 single	
cell	 layer	 of	 the	 alveoli	 promote	 very	 efficient	 diffusion	 of	
gases.

Lungs
The	lungs	consist	of	lobes;	the	left	lung	has	two	lobes,	and	the	
right	 lung	has	 three	 lobes.	Each	 lobe	consists	of	 lobules,	or	
segments,	 that	 are	 supplied	 by	 one	 bronchiole.	 The	 top		
of	 each	 lung	 is	 the	 apex,	 and	 the	 lower	 part	 of	 the	 lung	 is		
the	base.

The	lungs	are	covered	by	pleura.	The	visceral	pleura	cover	
the	lung	surfaces,	whereas	the	parietal	pleura	cover	the	inter-
nal	surface	of	the	thoracic	cage.	Between	these	two	layers	the	
pleural	 space	 is	 formed,	 which	 contains	 pleural	 fluid.	 This	
thin	fluid	lubricates	the	pleural	layers	as	they	slide	across	each	
other	during	breathing.	It	also	holds	the	two	pleurae	together	
because	it	creates	surface	tension,	an	attractive	force	between	
liquid	 molecules.	 It	 is	 this	 surface	 tension	 between	 the	 two	
pleurae,	opposing	the	tendency	of	the	elastic	lung	to	want	to	
collapse,	that	leads	to	a	pressure	of	negative	5	cm	H2O	within	
the	pleural	space.27	In	disorders	of	the	pleural	space,	such	as	

pneumothorax,	this	negative	pressure	is	disrupted,	leading	to	
collapse	of	the	lung	and	the	need	for	a	chest	tube.

PHYSIOLOGY OF BREATHING
The	basic	principle	behind	the	movement	of	gas	in	and	out	
of	the	lung	is	that	gas	travels	from	an	area	of	higher	to	lower	
pressure.	During	inspiration,	the	diaphragm	lowers	and	flat-
tens	and	the	intercostal	muscles	contract,	lifting	the	chest	up	
and	outward	 to	 increase	 the	 size	of	 the	chest	 cavity.	Subse-
quently,	 intrapleural	 pressure	 becomes	 even	 more	 negative	
than	stated	earlier,	and	intraalveolar	pressure	(the	pressure	in	
the	 lungs)	 becomes	 negative,	 causing	 air	 to	 flow	 into	 the	
lungs	(inspiration).27	Expiration	is	a	passive	process	in	which	
the	 diaphragm	 and	 intercostal	 muscles	 relax	 and	 the	 lungs	
recoil.	 This	 recoil	 generates	 positive	 intraalveolar	 pressure	
relative	 to	 atmospheric	 pressure,	 and	 air	 flows	 out	 of	 the	
lungs	(expiration).69

Gas Exchange
The	 process	 of	 gas	 exchange	 (Figure	 9-3)	 consists	 of	 four	
steps:	(1)	ventilation,	(2)	diffusion	at	pulmonary	capillaries,	

FIGURE 9-3 Schematicviewoftheprocessofgasexchange.Hgb,Hemoglobin.(Modifiedfrom
AlspachJ.AACN Instructor’s Resource Manual for AACN Core Curriculum for Critical Care Nurs-
ing.4thed.Philadelphia:Saunders;1992.)
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(3)	 perfusion	 (transportation),	 and	 (4)	 diffusion	 to	 the	
cells.27,69,70

	1.	 Ventilation	is	the	movement	of	gases	(oxygen	and	carbon	
dioxide)	in	and	out	of	the	alveoli.

	2.	 Diffusion	 of	 oxygen	 and	 carbon	 dioxide	 occurs	 at	 the		
alveolar-capillary	 membrane	 (Figure	 9-4).	 The	 driving	
force	to	move	the	gas	from	the	alveoli	to	the	capillary	and	
vice	versa	is	the	pressure	of	the	gases	across	the	alveolar-
capillary	 membrane.	 Diffusion	 is	 the	 movement	 of	 gas	
molecules	from	an	area	of	higher	to	lower	pressure.	Oxy-
gen	pressure	is	higher	in	the	alveoli	than	in	the	capillaries,	
thus	promoting	oxygen	diffusion	from	the	alveoli	into	the	
blood.	Carbon	dioxide	pressure	is	higher	in	the	capillaries,	
thus	promoting	 the	diffusion	of	carbon	dioxide	 into	 the	
alveoli	for	elimination	during	exhalation.

	3.	 The	oxygenated	blood	in	the	pulmonary	capillary	is	trans-
ported	via	the	pulmonary	vein	to	the	left	side	of	the	heart.	
The	oxygenated	blood	is	perfused	and	transported	to	the	
tissues.

	4.	 Diffusion	of	oxygen	and	carbon	dioxide	occurs	at	the	cel-
lular	 level	 based	 on	 pressure	 gradients.	 Oxygen	 diffuses	
from	 blood	 into	 the	 cells,	 and	 carbon	 dioxide	 leaves	 the	
cells	and	diffuses	into	the	blood	in	a	process	called	internal	

respiration.	 Carbon	 dioxide	 is	 transported	 via	 the	 vena	
cava	to	the	right	side	of	the	heart	and	into	the	pulmonary	
capillaries	where	 it	diffuses	 into	 the	alveoli	 and	 is	 elimi-
nated	through	exhalation.

Regulation of Breathing
The	rate,	depth,	and	rhythm	of	ventilation	are	controlled	by	
respiratory	centers	 in	the	medulla	and	pons.	When	the	car-
bon	dioxide	level	is	high	or	the	oxygen	level	is	low,	chemore-
ceptors	 in	 the	 respiratory	 center,	 carotid	 arteries,	 and	aorta	
send	messages	to	the	medulla	to	regulate	respiration.	In	per-
sons	with	normal	lung	function,	high	levels	of	carbon	dioxide	
stimulate	 respiration.	 However,	 patients	 with	 chronic	 ob-
structive	pulmonary	disease	(COPD)	maintain	higher	levels	
of	carbon	dioxide	as	a	baseline,	and	their	ventilatory	drive	in	
response	 to	 increased	 carbon	 dioxide	 levels	 is	 blunted.	 In	
these	 patients,	 the	 stimulus	 to	 breathe	 is	 hypoxemia,	 a	 low	
level	of	oxygen	in	the	blood.27

Respiratory Mechanics
Work of Breathing
The	 work	 of	 breathing	 (WOB)	 is	 the	 amount	 of	 effort	 re-
quired	 for	 the	 maintenance	 of	 a	 given	 level	 of	 ventilation.	
When	 the	 lungs	 are	 not	 diseased,	 the	 respiratory	 muscles	
manage	the	WOB	using	unlabored	respirations.	The	respira-
tory	 pattern	 changes	 automatically	 to	 manage	 an	 increased	
WOB	when	lung	disease	is	present,	and	the	patient	may	use	
accessory	muscles.	As	the	WOB	increases,	more	energy	must	
be	expended	 to	obtain	adequate	ventilation,	which	requires	
proportionately	 more	 oxygen	 and	 glucose.	 If	 the	 WOB	 be-
comes	 too	 high,	 respiratory	 failure	 ensues	 and	 mechanical	
ventilatory	support	is	warranted.51,53

Compliance
Compliance	is	a	measure	of	the	distensibility,	or	stretchabil-
ity,	of	the	lung	and	chest	wall.	The	lungs	are	primarily	made	
up	of	elastin	and	collagen	fibers	that	in	disease	states	become	
less	elastic,	leading	to	so-called	stiff	lungs.	Distensibility	refers	
to	 how	 easily	 the	 lung	 is	 stretched	 when	 the	 respiratory	
muscles	work	and	expand	the	thoracic	cavity.	Compliance,	a	
clinical	measurement	of	the	lung’s	distensibility,	is	defined	as	
the	change	in	lung	volume	per	unit	of	pressure	change.51,69

Various	pathological	conditions	such	as	pulmonary	fibrosis,	
acute	respiratory	distress	syndrome	(ARDS),	and	pulmonary	
edema	lead	to	low	pulmonary	compliance.	In	these	situations,	
the	 patient	 must	 generate	 more	 work	 to	 breathe	 to	 create	
negative	pressure	to	inflate	the	stiff	lungs.	Compliance	is	also	
decreased	 in	 obesity	 secondary	 to	 the	 increased	 mass	 of	 the	
chest	wall.

In	emphysema,	destruction	of	lung	tissue	and	enlarged	air	
spaces	cause	the	lungs	to	lose	their	elasticity,	which	increases	
compliance.	The	lungs	are	more	distensible	in	this	situation,	
require	lower	pressures	for	ventilation,	and	may	collapse	dur-
ing	 expiration,	 causing	 air	 to	 become	 trapped	 in	 the	 distal	
airways.

Monitoring	changes	 in	compliance	provides	an	objective	
clinical	 indicator	of	 changes	 in	 the	patient’s	 lung	condition	
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and	ability	to	ventilate,	especially	the	mechanically	ventilated	
patient	with	decreased	 lung	compliance.	Compliance	of	 the	
lung	tissue	is	best	measured	under	static	conditions	(no	air-
flow),	 and	 is	 achieved	 by	 instituting	 a	 2-second	 inspiratory	
hold	 maneuver	 with	 the	 mechanical	 ventilator.51,53	 Static	
compliance	 in	 patients	 with	 normal	 lungs	 usually	 ranges	
from	 50	 to	 170	 mL/cm	 H2O.69	 This	 means	 that	 for	 every	
1–cm	H2O	change	of	pressure	in	the	lungs,	the	volume	of	gas	
increases	by	50	to	170	mL.	A	single	measurement	of	compli-
ance	is	not	useful	in	monitoring	patient	progress;	it	is	impor-
tant	to	trend	compliance	over	time.

Dynamic	compliance	is	measured	while	gases	are	flowing	
during	breathing;	it	measures	not	only	lung	compliance	but	
also	airway	resistance	to	gas	flow.	The	normal	value	for	dy-
namic	compliance	is	50	to	80	mL/cm	H2O.69	Dynamic	com-
pliance	is	easier	to	measure	because	it	does	not	require	breath	
holding	or	an	inspiratory	hold;	however,	it	is	not	a	pure	mea-
surement	of	lung	compliance.	A	decrease	in	dynamic	compli-
ance	may	signify	a	decrease	in	compliance	or	an	increase	in	
resistance	to	gas	flow.

The	respiratory	therapist	(RT)	or	nurse	measures	compli-
ance	in	the	mechanically	ventilated	patient	to	identify	trends	
in	the	patient’s	condition.	Compliance	can	easily	be	obtained	
on	 most	 modern	 ventilators	 when	 the	 operator	 requests	 it	
using	 the	 menu	 options.	 Poor	 compliance	 requires	 higher	
ventilatory	 pressures	 to	 achieve	 adequate	 lung	 volume.	
Higher	 ventilatory	 pressures	 place	 the	 patient	 at	 increased	
risk	for	complications,	such	as	volutrauma.

Resistance
Resistance	refers	to	the	opposition	to	the	flow	of	gases	in	the	
airways.	 Factors	 that	 affect	 airway	 resistance	 are	 airway	
length,	 airway	 diameter,	 and	 the	 flow	 rate	 of	 gases.	 Airway	
resistance	is	increased	when	the	airway	is	lengthened	or	nar-
rowed,	as	with	an	artificial	airway,	or	when	the	natural	airway	
is	 narrowed	 by	 spasms	 (bronchoconstriction),	 the	 presence	
of	 mucus,	 or	 edema.	 Finally,	 resistance	 increases	 when	 gas	
flow	is	increased,	as	with	increased	breathing	effort	or	when	
a	 patient	 requires	 mechanical	 ventilation.	 When	 resistance	
increases,	more	effort	is	required	by	the	patient	to	maintain	
gas	 flow.	 If	 the	 patient	 is	 unable	 to	 generate	 the	 increased	
WOB,	the	amount	of	gas	flow	the	patient	produces	decreases.	
Thus	increasing	airway	resistance	may	result	in	reduced	lung	
volume	and	inadequate	ventilation.27,69

LUNG VOLUMES AND CAPACITIES
Air	volume	within	the	lung	is	measured	with	an	instrument	
called	 a	 spirometer.	 Lung	 volumes	 and	 capacities	 (two	 or	
more	lung	volumes	added	together)	are	important	for	deter-
mining	adequate	pulmonary	function,	and	are	shown	graph-
ically	 in	 Figure	 9-5.	 Descriptions	 of	 the	 lung	 volumes	 and	
capacities	are	provided	 in	Table	9-1.	Measurements	of	 lung	
volumes	and	capacities	allow	the	practitioner	to	assess	base-
line	pulmonary	function	and	to	monitor	the	improvement	or	
progression	 of	 pulmonary	 diseases	 and	 patient	 response	 to	
therapy.	 For	 example,	 when	 the	 patient	 performs	 incentive	

spirometry,	the	nurse	and	RT	assess	the	patient’s	inspiratory	
capacity	and	trend	its	improvement	or	decline	over	time	and	
with	 interventions.	 Lung	 capacities	 decline	 gradually	 with	
aging.

RESPIRATORY ASSESSMENT
The	ability	to	perform	a	physical	assessment	of	the	respira-
tory	 system	 is	 an	 essential	 skill	 for	 the	 critical	 care	 nurse.	
Assessment	 findings	 assist	 in	 identifying	 potential	 patient	
problems	 and	 in	 evaluating	 patient	 response	 to	 interven-
tions.	 See	 the	 box	“Geriatric	 Considerations”	 for	 informa-
tion	 related	 to	 assessment	 of	 elderly	 patients	 and	 the	 box	
“Bariatric	Considerations”	for	information	related	to	assess-
ment	of	the	obese	patient.
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Health History
Several	questions	pertinent	to	the	respiratory	system	should	
be	asked	when	the	health	history	is	obtained:
	1.	 Tobacco	 use:	 type,	 amount,	 and	 number	 of	 pack-years	

(number	of	packs	of	cigarettes	per	day	3	number	of	years	
smoking)

	2.	 Occupational	history	such	as	coal	mining,	asbestos	work,	
farming,	and	exposure	to	dust,	fumes,	smoke,	toxic	chem-
icals,	paints,	and	insulation

	3.	 History	of	symptoms	such	as	shortness	of	breath,	dyspnea,	
cough,	anorexia,	weight	 loss,	 chest	pain,	or	 sputum	pro-
duction;	further	assessment	of	sputum,	including	amount,	
color,	consistency,	time	of	day,	and	whether	its	appearance	
is	chronic	or	acute

	4.	 Use	of	oral	and	inhalant	respiratory	medications,	such	as	
bronchodilators	and	steroids

	5.	 Use	of	over-the-counter	or	street	inhalant	drugs
	6.	 Allergies:	medication,	food,	or	environmental
	7.	 Dates	of	last	chest	radiograph	and	tuberculosis	screening
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NAME DEFINITION AVERAGE FORMULA

Volumes*
Tidalvolume(VT) Volumeofanormalbreath 500mL

Inspiratoryreservevolume(IRV) Maximumamountofgasthatcanbeinspired
attheendofanormalbreath(overandabove
theVT)

3000mL

Expiratoryreservevolume(ERV) Maximumamountofgasthatcanbeforcefully
expiredattheendofanormalbreath

1200mL

Residualvolume(RV) Amountofairremaininginthelungsafter
maximumexpiration

1300mL

Capacities
Inspiratorycapacity(IC) Maximumvolumeofgasthatcanbeinspiredat

normalrestingexpiration;theICdistendsthe
lungstotheirmaximumamount

3500mL IC 5 VT 1 IRV

Functionalresidualcapacity(FRC) Volumeofgasremaininginthelungsatnormal
restingexpiration

2500mL FRC 5 ERV 1 RV

Vitalcapacity(VC) Maximumvolumeofgasthatcanbeforcefully
expiredaftermaximuminspiration

4700mL VC 5 VT 1 IRV 1 ERV

Totallungcapacity(TLC) Volumeofgasinthelungsatendofmaximum
inspiration

6000mL TLC 5 VT 1 ERV 1 RV

*Volumesareaverageina70-kgyoungadult.Thereisarangeofnormalvaluesthatvariesbyage,height,bodysize,andgender.Volumesare
lessinwomenthanmenwhenheightandageareequal.

TABLE 9-1  LUNG VOLUMES AND CAPACITIES

GERIATRIC CONSIDERATIONS

Physiological Changes with Aging
• (Chestwalldistensibility(costalcartilagecalcifies)
• (Alveolarsurfacearea(enlargedalveoli)
• (Alveolarelasticity
• (Lungvolume
• (Diffusingcapacity
• ( Physiological compensatory mechanisms in response to

hypercapneaorhypoxia
• Weakerrespiratorymuscles
• Decreasedcoughandgag

Assessment Changes
Normal Findings Because of Aging Process
• Kyphosis
• Barrelchest
• (Chestexpansion
• LowerPaO2levelsonABG

Increased Risk for
• Secretionretentionandpneumonia
• Poorgasexchange
• Mental status changes as an early sign of gas exchange

problems
• Aspiration
• Respiratorydistress
• Respiratoryfailure

DatafromMillerCA.(2012).Respiratoryfunction.InCAMiller(Ed.)Nursing for Wellness in Older Adults,6thed.Philadelphia:Lippincott,
Williams&Wilkins;WestJB.(2011).Respiratory Physiology: The Essentials(9thed.).Baltimore,MD:LippincottWilliams&Wilkins.

ABG,Arterialbloodgas;PaO2,partialpressureofoxygeninarterialblood.
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of	respiratory	abnormalities	include	pallor	or	rubor,	pursed-
lip	breathing,	jugular	venous	distention,	prolonged	expiratory	
phase	of	breaths,	poor	capillary	refill,	clubbing	of	fingers,	and	
a	barrel-shaped	chest.68

The	 respiratory	 rate	 (RR)	 should	 be	 counted	 for	 a	 full	
minute	 in	 critically	 ill	 patients.	 The	 normal	 RR	 is	 12	 to		
20	breaths	per	minute,	and	expiration	is	usually	twice	as	long	
as	 inspiration	 (inspiration-to-expiration	 ratio	 is	 1:2).	 The	
normal	breathing	pattern	is	regular	and	even	with	an	occa-
sional	sigh,	and	is	called	eupnea.	Tachypnea,	a	RR	of	greater	
than	 20	 breaths	 per	 minute,	 may	 occur	 with	 anxiety,	 fever,	
pain,	anemia,	low	PaO2,	and	elevated	PaCO2.	Bradypnea,	a	RR	
of	less	than	10	breaths	per	minute	may	occur	in	central	ner-
vous	system	disorders	including	administration	or	ingestion	
of	central	nervous	system	depressant	medications	or	alcohol,	
severe	metabolic	alkalosis,	and	fatigue.	The	depth	of	respira-
tions	 is	 as	 important	 as	 the	 rate	 and	 provides	 information	
about	 the	adequacy	of	ventilation.	Alterations	 from	normal	
rate	and	depth	should	be	documented	and	reported.

Several	abnormal	breathing	patterns	(Figure	9-6)	are	pos-
sible	 and	 should	 be	 reported.68	 Cheyne-Stokes respirations	
have	a	cyclical	respiratory	pattern.	Deep,	increasingly	shallow	
respirations	are	followed	by	a	period	of	apnea	that	lasts	ap-
proximately	 20	 seconds,	 but	 the	 period	 may	 vary	 and	 pro-
gressively	 lengthen.	 Therefore,	 the	 duration	 of	 the	 apneic	
period	 is	 timed	 for	 trending.	 The	 cycle	 repeats	 after	 each		
apneic	period.	Cheyne-Stokes	respirations	may	occur	in	cen-
tral	 nervous	 system	 disorders	 and	 congestive	 heart	 failure. 
Biot’s respirations,	or	cluster	breathing,	are	cycles	of	breaths	
that	vary	in	depth	and	have	varying	periods	of	apnea.	Biot’s	
respirations	are	seen	with	brainstem	injury.	Kussmaul’s respi-
rations	are	deep,	regular,	and	rapid	(usually	more	than	20	breaths	
per	minute),	and	are	commonly	observed	in	diabetic	ketoacidosis	

Physical Examination
Inspection
Inspection	 provides	 an	 initial	 clue	 for	 potential	 acute	 and	
chronic	 respiratory	 problems.	 The	 head,	 neck,	 fingers,	 and	
chest	are	inspected	for	abnormalities.

The	 chest	 is	 observed	 for	 shape,	 breathing	 pattern,	 and	
chest	 excursion.	 During	 inspiration,	 chest	 wall	 excursion	
should	be	symmetrical.	Asymmetrical	excursion	is	usually	as-
sociated	with	unilateral	ventilation	problems.	The	 trachea	 is	
normally	in	a	midline	position;	a	tracheal	shift	may	occur	with	
a	 tension	 pneumothorax.	 Signs	 of	 acute	 respiratory	 distress	
include	 labored	respirations,	 irregular	breathing	pattern,	use	
of	accessory	muscles,	asymmetrical	chest	movements,	chest-
abdominal	asynchrony,	open-mouthed	breathing,	or	gasping	
breaths.	Cyanosis	is	a	late	sign	of	hypoxemia	and	should	not	
be	relied	on	as	an	early	warning	of	distress.	Other	indications	

BARIATRIC CONSIDERATIONS

Physiological Changes with Obesity
• Diaphragmiscephaloid-displaced,especiallyinthesupine

position,resultingin(lungvolumes
• Collapseofsmallairwaysandalveoli
• Decreasedlungcomplianceandincreasedairwayresistance
• Fattyinfiltrationofrespiratorymuscles
• Increased oxygen consumption to perform the work of

breathingduetoincreasedmassofthorax
• Increased fat distribution within the soft tissue of the

airway
• Increased fat distribution in the neck, causing redundant

skinfolds

Assessment Changes Related to Obesity
• Increasedrespiratoryrate
• Decreasedbreathsounds
• (Chestexpansion
• Snoring
• Dyspneaatrestorwithtalking
• LowerPaO2levelsonABG
• DecreasedqualityofportableCXR

Increased Risk for
• Atelectasis
• Poorgasexchange
• Respiratorydistress
• Respiratoryfailure
• Obesity hypoventilation syndrome (OHS), also known as

obstructivesleepapnea
• Difficultintubation
• Difficultventilationwithabag-valve-maskdevice
• Complicationsrelatedtotracheostomy

ABG,Arterialbloodgas;CXR,chestx-ray;PaO2,partialpressureof
oxygeninarterialblood.
FromSielaD,(2009).Pulmonaryaspectsofobesityincriticalcare.
Critical Care Nursing Clinics of North America,21(3),301-310.

FIGURE 9-6 Breathingpatterns.
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and	other	disorders	that	cause	metabolic	acidosis.	Apneustic 
respirations	are	gasping	inspirations	followed	by	short,	 inef-
fective	expirations.	They	are	often	associated	with	lesions	to	
the	pons.

Palpation
Palpation	 is	 frequently	 performed	 simultaneously	 with	 in-
spection.	Palpation	 is	used	 to	evaluate	chest	wall	excursion,	
tracheal	deviation,	chest	wall	tenderness,	subcutaneous	crep-
itus,	and	tactile	fremitus.	The	chest	wall	should	not	be	tender	
to	palpation;	tenderness	is	usually	associated	with	inflamma-
tion	or	trauma,	including	rib	fractures.	Subcutaneous crepitus	
or	subcutaneous emphysema	is	the	presence	of	air	beneath	the	
skin	surface	that	has	escaped	from	the	airways	or	lungs.	It	is	
palpated	with	the	fingertips	and	may	feel	like	crunching	Rice	
Krispies	 under	 the	 skin.	 The	 temptation	 to	 further	 palpate	
should	be	resisted,	because	palpation	promotes	air	dissection	
in	 the	 skin	 layers.	 Subcutaneous	 air	 may	 result	 from	 chest	
trauma,	such	as	rib	fractures,	and	from	barotrauma.	It	indi-
cates	that	the	lungs	or	airways	are	not	intact.

Percussion
The	chest	may	be	percussed	to	identify	respiratory	disorders	
such	 as	 hemothorax,	 pneumothorax,	 and	 consolidation.	 In	
percussion,	the	middle	finger	of	one	hand	is	tapped	twice	by	
the	 middle	 finger	 of	 the	 opposite	 hand	 placed	 against	 the	
patient’s	 chest.	 The	 vibrations	 produced	 by	 tapping	 create	
different	sounds,	depending	on	the	density	of	the	underlying	
tissue	being	percussed.	Five	sounds	may	be	audible	on	per-
cussion:	 resonance	 (normal),	 dullness	 (tissue	 more	 dense	
than	normal	as	in	consolidation),	flatness	(absence	of	air	as	
in	lung	collapse),	hyperresonance	(increased	amount	of	air	as	
in	 emphysema),	 and	 tympany	 (large	 amount	 of	 air	 as	 in	
pneumothorax).68

Auscultation
Lung	sounds	are	routinely	assessed	every	4	hours	in	critically	
ill	 patients	 using	 the	 diaphragm	 of	 the	 stethoscope	 pressed	
firmly	 against	 the	 chest	 wall.	 The	 stethoscope	 should	 be	
placed	directly	on	the	patient’s	chest;	sounds	are	difficult	to	
distinguish	if	they	are	auscultated	through	the	patient’s	gown	
or	clothing.	The	friction	of	chest	hair	on	the	stethoscope	may	
mimic	the	sound	of	crackles;	wetting	the	chest	hair	may	re-
duce	this	sound.	In	addition,	the	stethoscope	tubing	should	
not	 rest	 against	 skin	 or	 objects	 such	 as	 sheets,	 bed	 rails,	 or	
ventilator	circuitry	during	auscultation.51

A	 systematic	 sequence	 should	 be	 used	 during	 ausculta-
tion,	with	sounds	from	one	side	of	the	chest	wall	compared	
with	those	from	the	other	(Figure	9-7).	Auscultation	is	best	
performed	with	the	patient	sitting	in	an	upright	position	and	
breathing	deeply	in	and	out	through	the	mouth.	It	may	not	
be	feasible	for	a	critically	ill	patient	to	assume	a	sitting	posi-
tion	 for	 auscultation.	 In	 this	 circumstance,	 auscultation	 of	
the	 anterior	 and	 lateral	 chest	 is	 often	 performed.	 However,	
every	 opportunity	 should	 be	 taken	 to	 turn	 the	 patient	 and	
auscultate	the	chest	posteriorly.	When	the	patient	has	an	ar-
tificial	airway,	the	trachea	should	be	auscultated	for	the	pres-
ence	of	an	air	leak.

Breath Sounds
The	nurse	listens	carefully	for	both	normal	and	abnormal,	or	
adventitious,	breath	sounds.	Types	of	normal	breath	sounds	
include	 bronchial	 (larynx,	 trachea),	 bronchovesicular	 (large	
central	 airways),	 and	 vesicular	 (smaller	 airways).	 Adventi-
tious	 sounds	 the	 nurse	 must	 be	 familiar	 with	 and	 able	 to		
report	 include	 crackles,	 rhonchi,	 wheezes,	 pleural	 friction	
rub,	and	stridor	(Table	9-2).	Breath	sounds	may	be	decreased	
because	of	the	presence	of	fluid,	air,	or	increased	tissue	den-
sity.	 Shallow	 respirations	 can	 also	 mimic	 decreased	 breath	

Anterior

A B C D

Posterior Right
lateral

Left
lateral

End just above
sixth rib level

End just above
T10 level

Start
above
scapulae

Start
above
clavicles

1a 1b

2b 2a

3a 3b

1a 1b

1a 1b

2a2b

3a 3b

2a2b

3a 3b

4a4b
5a 5b

4a4b

FIGURE 9-7 Systematicmethodforpalpation,percussion,andauscultationofthelungsinante-
rior(A),posterior(B),andlateralregions(CandD).Thetechniquesshouldbeperformedsystem-
aticallytocomparerightandleftlungfields.
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sounds;	therefore	the	patient	must	take	deep	breaths	during	
auscultation.	 The	 breath	 sounds	 should	 be	 carefully	 docu-
mented	and	abnormalities	reported.

Arterial Blood Gas Interpretation
The	ability	to	interpret	ABG	results	rapidly	is	an	essential	criti-
cal	care	skill.	ABG	results	reflect	oxygenation,	adequacy	of	gas		
exchange,	and	acid-base	status.	Blood	for	ABG	analysis	 is	ob-
tained	from	either	a	direct	arterial	puncture	(radial,	brachial,	or	
femoral	artery)	or	an	arterial	line.	ABGs	aid	in	patient	assess-
ment	and	must	be	interpreted	in	conjunction	with	the	patient’s	
physical	assessment	findings,	clinical	history,	and	previous	ABG	
values	(Table	9-3).	Noninvasive	measures	of	gas	exchange	have	
reduced	the	frequency	of	ABG	measurements.

Oxygenation
The	ABG	values	that	reflect	oxygenation	include	the	partial	
pressure	of	oxygen	dissolved	in	arterial	blood	(PaO2)	and	the	
arterial	 oxygen	 saturation	 of	 hemoglobin	 (SaO2).	 Approxi-
mately	3%	of	the	available	oxygen	is	dissolved	in	plasma.	The	
remaining	97%	of	the	oxygen	attaches	to	hemoglobin	in	red	
blood	cells,	forming	oxyhemoglobin.69

Partial pressure of arterial oxygen.	The	normal	PaO2	is	80	
to	100	mm	Hg	at	sea	level.	The	PaO2	decreases	in	the	elderly;	
the	value	for	persons	60	to	80	years	of	age	usually	ranges	from	
60	to	80	mm	Hg.

Arterial oxygen saturation of hemoglobin.	The	SaO2	is	the	
percentage	of	hemoglobin	saturated	with	oxygen	and	is	nor-
mally	 92%	 to	 99%.	 The	 SaO2	 is	 very	 important	 because	 it	
represents	the	primary	way	oxygen	is	transported	to	the	tis-
sues.	 The	 SaO2	 is	 measured	 directly	 from	 an	 arterial	 blood	
sample	or	continuously	monitored	indirectly	with	the	use	of	
a	pulse	oximeter	(SpO2).

Both	 the	 PaO2	 and	 the	 SaO2	 are	 used	 to	 assess	 oxy-
genation.	 Decreased	 oxygenation	 of	 arterial	 blood	 (PaO2	
,60	mm	Hg)	is	referred	to	as	hypoxemia,	which	may	present	
with	 numerous	 symptoms	 described	 in	 Box	 9-1.	 A	 patient	
with	a	PaO2	of	less	than	60	mm	Hg	requires	immediate	inter-
vention	 with	 supplemental	 oxygen	 to	 treat	 the	 hypoxemia	
while	further	assessment	is	done	to	identify	the	cause.	A	PaO2	
of	less	than	40	mm	Hg	is	life-threatening	because	oxygen	is	
not	 available	 for	 metabolism.	 Without	 treatment,	 cellular	
death	will	occur.27,70

The	relationship	between	the	PaO2	and	the	SaO2	is	shown	in	
the	S-shaped	oxyhemoglobin dissociation curve	(Figure	9-8).	The	
upper	portion	of	the	curve	(PaO2	.60	mm	Hg)	is	flat.	In	this	
area	 of	 the	 curve,	 large	 changes	 in	 the	 PaO2	 result	 in	 only	
small	changes	in	SaO2.	For	example,	the	normal	PaO2	of	80	to	
100	mm	Hg	 is	associated	with	an	SaO2	of	92%	to	100%.	If	
the	PaO2	decreases	from	80	to	60	mm	Hg,	the	SaO2	decreases	
from	 92%	 to	 90%.	 Although	 this	 example	 reflects	 a	 drop		
in	 PaO2,	 the	 patient	 is	 not	 immediately	 compromised,	

SOUND/DESCRIPTION CAUSE CLINICAL SIGNIFICANCE
ADDITIONAL DESCRIPTORS/
COMMENTS

Crackles—discontinuous,
explosive,bubblingsounds
ofshortduration

Airbubblingthroughfluid
ormucus,oralveolipop-
pingopenoninspiration

Atelectasis,fluidretentionin
smallairways(pulmonary
edema),retentionofmucus
(bronchitis,pneumonia),inter-
stitialfibrosis

Fine:soft,shortduration
Coarse:loud,longerduration
Wetordry
Maydisappearaftercoughing,

suctioning,ordeepinspirationif
alveoliremaininflated

Rhonchi—coarse,continuous,
low-pitched,sonorous,or
rattlingsound

Airmovementthrough
excessmucus,fluid,or
inflamedairways

Diseasesresultinginairway
inflammationandexcess
mucus(e.g.,pneumonia,
bronchitis,orexcessfluid,as
inpulmonaryedema)

Inspiratoryand/orexpiratory;may
clearordiminishwithcoughing
ifcausedbyairwaysecretions

Wheezes—high-orlow-
pitchedwhistling,musical
soundheardduringinspira-
tionand/orexpiration

Airmovementthrough
narrowedairway,which
causesairwaywallto
oscillateorflutter

Bronchospasm,asinasthma,
partialairwayobstruction
bytumor,foreignbodyor
secretions,inflammation,
orstenosis

Highorlowpitched;inspiratory
and/orexpiratory

Stridor—high-pitched,continu-
oussoundheardoverupper
airway;acrowingsound

Airflowingthroughcon-
strictedlarynxortrachea

Partialobstructionofupperair-
way,asinlaryngealedema,
obstructionbyforeignbody,
epiglottitis

Potentiallylife-threatening

Pleuralfrictionrub—coarse,
grating,squeaking,or
scratchingsound,aswhen
twopiecesofleatherrub
together

Inflamedpleurarubbing
againsteachother

Pleuralinflammation,asin
pleuritis,pneumonia,tubercu-
losis,chesttubeinsertion,
pulmonaryinfarction

Occursduringbreathingcycle
andiseliminatedbybreath
holding

Needtodiscernfrompericardial
frictionrub,whichcontinues
despitebreathholding

TABLE 9-2  ADVENTITIOUS BREATH SOUNDS
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STATUS pH PCO2 HCO3
2 BASE EXCESS

Respiratory Acidosis
Uncompensated (7.35 )45 Normal Normal
Partiallycompensated (7.35 )45 )26 ) 12
Compensated 7.35-7.45 )45 )26 ) 12

Respiratory Alkalosis
Uncompensated )7.45 (35 Normal Normal
Partiallycompensated )7.45 (35 (22 (22
Compensated 7.40-7.45 (35 (22 (22

Metabolic Acidosis
Uncompensated (7.35 Normal (22 (22
Partiallycompensated (7.35 (35 (22 (22
Compensated 7.35-7.45 (35 (22 (22

Metabolic Alkalosis
Uncompensated )7.45 Normal )26 ) 12
Partiallycompensated* )7.45 )45 )26 ) 12
Compensated* 7.40-7.45 )45 )26 ) 12

Combined Respiratory and Metabolic Acidosis (7.35 )45 (22 (22

Combined Respiratory and Metabolic Alkalosis )7.45 (35 )26 )12

Integumentary System
• Pallor
• Cool,dry
• Cyanosis(late)
• Diaphoresis(late)

Respiratory System
• Dyspnea
• Tachypnea
• Useofaccessorymuscles

Cardiovascular System
• Tachycardia
• Dysrhythmias
• Chestpain
• Hypertensionearly,followedbyhypotension
• Increased heart rate early, followed by decreased heart

rate

Central Nervous System
• Anxiety
• Restlessness
• Confusion
• Fatigue
• Combativeness/agitation
• Coma

TABLE 9-3  BLOOD GAS INTERPRETATION

*Partiallycompensatedorcompensatedmetabolicalkalosisgenerallyisrarelyseenclinicallybecauseofthebody’smechanismtoprevent
hypoventilation.
ModifiedfromKacmarekRM,DimasS,&MackCW.(2005).Acid-basebalanceandbloodgasinterpretation.InRMKacmarek,
SDimas,&CWMack(Eds.),The Essentials of Respiratory Care.St.Louis:Mosby.
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FIGURE 9-8 Oxyhemoglobin dissociation curve. A PaO2 of
60 mm Hg correlates with an oxygen saturation of 90%.
WhenthePaO2fallsbelow60mmHg,smallchangesinPaO2
arereflectedinlargechangesinoxygensaturation.Shiftsin
theoxyhemoglobincurveareshown.L,Leftshift;N,normal;
R, rightshift. (FromAlspachJ.AACN Instructor’s Resource 
Manual for AACN Core Curriculum for Critical Care Nursing.
5thed.Philadelphia:Saunders;2001.)

BOX 9-1   SIGNS AND SYMPTOMS 
OF HYPOXEMIA
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Respiratory Acidosis: Retention of CO2

• Hypoventilation
• CNS depression (anesthesia, narcotics, sedatives, drug

overdose)
• Respiratoryneuromusculardisorders
• Trauma:spine,brain,chestwall
• Restrictivelungdiseases
• Chronicobstructivepulmonarydisease
• Acuteairwayobstruction(latephases)

Respiratory Alkalosis: Hyperventilation
• Hypoxemia
• Anxiety,fear
• Pain
• Fever
• Stimulants
• CNSirritation(e.g.,centralhyperventilation)
• Excessiveventilatorysupport(bag-valve-mask,mechanical

ventilation)

Metabolic Acidosis
Increased Acids
• Diabeticketoacidosis
• Renalfailure
• Lacticacidosis
• Drugoverdose(salicylates,methanol,ethyleneglycol)

Loss of Base
• Diarrhea
• Pancreaticorsmallbowelfluidloss

Metabolic Alkalosis
Gain of Base
• Excessingestionofantacids
• Excessadministrationofsodiumbicarbonate
• Citrateinbloodtransfusions

Loss of Metabolic Acids
• Vomiting
• Nasogastricsuctioning
• Lowpotassiumand/orchloride
• Diuretics(lossofchlorideand/orpotassium)

because	 the	hemoglobin	 responsible	 for	 carrying	oxygen	 to	
all	the	tissues	is	still	well	saturated	with	oxygen.

The	critical	zone	of	the	oxyhemoglobin	dissociation	curve	
occurs	when	the	PaO2	decreases	 to	 less	 than	60	mm	Hg.	At	
this	 point,	 the	 curve	 slopes	 sharply,	 and	 small	 changes	 in	
PaO2	are	reflected	in	large	changes	in	the	oxygen	saturation.	
These	 changes	 in	 SaO2	 may	 cause	 a	 significant	 decrease	 in	
oxygen	delivered	to	the	tissues.69,70

As	shown	in	Figure	9-8,	 the	oxyhemoglobin	dissociation	
curve	 may	 shift	 under	 certain	 conditions.	 When	 the	 curve	
shifts	to	the	right,	a	decreased	hemoglobin	affinity	for	oxygen	
exists;	therefore	oxygen	is	more	readily	released	to	the	tissues.	
Conditions	 that	 cause	 a	 right	 shift	 include	 acidemia,	 in-
creased	temperature,	and	increased	levels	of	the	glucose	me-
tabolite	2,3-diphosphoglycerate	(2,3-DPG),	which	occurs	in	
anemia,	 chronic	 hypoxemia,	 and	 low	 cardiac	 output	 states.	
When	 conditions	 exist	 where	 the	 curve	 has	 shifted	 to	 the	
right,	the	PaO2	is	higher	than	expected	at	the	normal	curve.69

When	the	curve	shifts	to	the	left,	hemoglobin	affinity	for	
oxygen	 increases	 and	 hemoglobin	 clings	 to	 oxygen.	 Condi-
tions	that	cause	a	left	shift	include	alkalemia,	decreased	tem-
perature,	 high	 altitude,	 carbon	 monoxide	 poisoning,	 and	 a	
decreased	 2,3-DPG	 level.	 Common	 causes	 of	 decreased		
2,3-DPG	include	administration	of	stored	bank	blood,	septic	
shock,	and	hypophosphatemia.27,70	With	a	left	shift,	the	PaO2	
is	lower	than	expected	at	the	normal	curve.	Therefore,	if	the	
patient’s	 SpO2	 is	 92%,	 an	 ABG	 should	 be	 drawn	 to	 assess	
whether	hypoxemia	is	present.

Ventilation and Acid-Base Status
Blood	 gas	 values	 that	 reflect	 ventilation	 and	 acid-base	 or	
metabolic	status	include	the	partial	pressure	of	carbon	diox-
ide	(PaCO2),	pH,	and	bicarbonate	(HCO3

2).27,69,70

pH.	The	concentration	of	hydrogen	ions	(H1)	in	the	blood	
is	referred	to	as	the	pH.	The	normal	pH	range	is	7.35	to	7.45	
(exact	value,	7.40).	If	the	H1	level	increases,	the	pH	decreases	
(becomes	 ,7.35)	 and	 the	 patient	 is	 said	 to	 have	 acidemia.	
Conversely,	a	decrease	in	H1	level	results	in	an	increase	in	the	
pH	(.7.45),	and	the	patient	is	said	to	have	alkalemia.

Partial pressure of arterial carbon dioxide.	 PaCO2	 is	
the	 partial	 pressure	 of	 carbon	 dioxide	 (CO2)	 dissolved	 in	
arterial	 plasma.	 The	 PaCO2	 is	 regulated	 by	 the	 lungs	 and	
has	a	normal	range	of	35	to	45	mm	Hg.	A	PaCO2	of	less	than	
35	mm	Hg	indicates	respiratory	alkalosis;	a	PaCO2	greater	
than	45	mm	Hg	indicates	respiratory	acidosis.	The	respira-
tory	 system	 controls	 the	 PaCO2	 by	 regulating	 ventilation	
(the	 patient’s	 rate	 and	 depth	 of	 breathing).	 If	 the	 patient	
hypoventilates,	 carbon	 dioxide	 is	 retained,	 leading	 to	 res-
piratory	 acidosis	 (PaCO2	 .45	 mm	 Hg).	 Conversely,	 if	 a	
patient	 hyperventilates,	 excess	 carbon	 dioxide	 is	 excreted		
by	 the	 lungs,	 resulting	 in	 respiratory	 alkalosis	 (PaCO2	
,35	mm	Hg).69	Conditions	that	cause	respiratory	acidosis	
and	alkalosis	are	noted	in	Box	9-2.

Sodium bicarbonate.	Whereas	H1	ions	are	an	acid	in	the	
body,	HCO3

2	is	a	base,	a	substance	that	neutralizes	or	buffers	
acids.	HCO3

2	 is	 regulated	by	 the	kidneys.	 Its	normal	 range	
is	22	 to	26	mEq/L.	An	HCO3

2	 level	greater	 than	26	mEq/L	

indicates	 metabolic	 alkalosis,	 whereas	 an	 HCO3
2	 level	 less	

than	22	mEq/L	indicates	metabolic	acidosis.	Conditions	that	
cause	metabolic	acidosis	and	alkalosis	are	noted	in	Box	9-2.

Buffer systems.	 The	 body	 regulates	 acid-base	 balance	
through	buffer	systems,	which	are	substances	that	minimize	
the	changes	in	pH	when	either	acids	or	bases	are	added.	For	
example,	 acids	 are	neutralized	 through	combination	with	a	
base,	 and	 vice	 versa.	 The	 most	 important	 buffering	 system,	
the	bicarbonate	buffer	system,	accounts	for	more	than	half	of	
the	total	buffering	and	is	activated	as	the	H1	concentration	
increases.	HCO3

2	combines	with	H1	 to	 form	carbonic	acid	
(H2CO3),	which	breaks	down	into	carbon	dioxide	(which	is	

BOX 9-2   CAUSES OF COMMON 
ACID-BASE ABNORMALITIES

CNS,Centralnervoussystem;CO2,carbondioxide.
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PaO2,60mmHg
PaCO2.50mmHg
pH,7.25or.7.60

excreted	through	the	lungs)	and	water	(H2O).	The	equation	
for	this	mechanism	is	as	follows:

H1 1HCO3
2AH2CO3AH2O1CO2

The	bicarbonate	buffering	system	operates	by	using	the	lungs	
to	regulate	CO2	and	the	kidneys	to	regulate	HCO3

2.35,69,70

Base excess or base deficit.	The	base	excess	or	base	defi-
cit	is	reported	on	most	ABG	results.	This	lab	value	reflects	the	
sum	 of	 all	 of	 the	 buffer	 bases	 in	 the	 body,	 the	 total	 buffer	
base.	The	normal	range	for	base	excess/base	deficit	is	22	to	
12	mEq/L.	In	metabolic	acidosis,	the	body’s	buffers	are	used	
up	 in	 an	 attempt	 to	 neutralize	 the	 acids,	 and	 a	 base	 deficit	
occurs.	In	metabolic	alkalosis,	the	total	buffer	base	increases	
and	 the	 patient	 will	 have	 a	 base	 excess.	All	 metabolic	 acid-
base	disturbances	are	accompanied	by	a	change	 in	 the	base	
excess/base	 deficit,	 making	 it	 a	 very	 reliable	 indicator	 of	
metabolic	acid-base	disorders.35	In	pure	respiratory	acid-base	
disturbances,	the	base	excess/base	deficit	is	normal;	however,	
once	 compensation	 occurs,	 the	 base	 excess/base	 deficit	
changes.

Compensation.	 Compensation	 involves	 mechanisms	 that	
normalize	the	pH	when	an	acid-base	imbalance	occurs.	The	
kidneys	attempt	to	compensate	for	respiratory	abnormalities,	
whereas	the	lungs	attempt	to	compensate	for	metabolic	prob-
lems.	The	lungs	quickly	respond	to	compensate	for	a	primary	
metabolic	acid-base	abnormality	For	example,	 in	metabolic	
acidosis,	the	depth	and	rate	of	ventilation	is	increased	in	an	
effort	to	blow	off	more	CO2	(acid).	Conversely	in	metabolic	
alkalosis,	the	rate	and	depth	of	ventilation	may	be	decreased	
in	an	effort	to	retain	acid.27

The	 kidneys	 compensate	 for	 primary	 respiratory	 acid-
base	 abnormalities	 by	 excreting	 excess	 H1	 and	 retaining	
HCO3

2.	The	renal	system	activates	more	slowly	taking	up	to	
2	 days	 to	 regulate	 acid-base	 balance.	 The	 kidneys	 excrete	
HCO3

2	 when	 respiratory	 alkalosis	 is	 present,	 and	 retain	
HCO3

2	 when	 respiratory	 acidosis	 is	 present.27,35	 The	 renal	
and	respiratory	systems	exist	 in	harmony	to	maintain	acid-
base	balance	(Figure	9-9).

Steps In Arterial Blood Gas Interpretation
Systematic	analysis	of	ABG	values	involves	five	steps.51	Table	9-3	
lists	lab	values	associated	with	acid-base	abnormalities.	Critical	
ABG	values	are	noted	in	the	box,	“Laboratory	Alert.”

Step 1: Look at each number individually and label it.	
Decide	whether	the	value	is	high,	low,	or	normal	and	label	the	
finding.	 For	 example,	 a	 pH	 of	 7.50	 is	 high	 and	 labeled	 as		
alkalemia.

Step 2: Evaluate oxygenation.	Oxygenation	is	analyzed	by	
evaluating	the	PaO2	and	the	SaO2.	Hypoxemia	is	present	and	
considered	a	significant	problem	when	the	PaO2	falls	to	less	
than	60	mm	Hg	or	the	SaO2	falls	to	less	than	90%.	A	complete	
assessment	must	take	into	account	the	level	of	supplemental	
oxygen	a	patient	is	receiving	when	the	ABG	is	drawn.

Step 3: Determine acid-base status.	Assess	the	pH	to	de-
termine	 the	 acid-base	 status.	 A	 pH	 of	 7.40	 is	 the	 absolute	
normal.	 If	 the	 pH	 is	 less	 than	 7.4,	 the	 primary	 disorder	 is	
acidosis.	If	the	pH	is	greater	than	7.4,	the	primary	disorder	is	
alkalosis.	 Therefore,	 even	 if	 the	 pH	 is	 within	 the	 normal	
range,	noting	whether	it	is	on	the	acid	or	alkaline	side	of	7.40	
is	important.

Step 4: Determine whether primary acid-base disorder is 
respiratory or metabolic.	Assess	the	PaCO2,	which	reflects	the	
respiratory	 system,	 and	 the	 HCO3

2	 level,	 which	 reflects	
the	 metabolic	 system,	 to	 determine	 which	 one	 is	 altered	 in	
the	same	manner	as	the	pH.	The	ABG	results	may	reflect	only	
one	 disorder	 (respiratory	 or	 metabolic).	 However,	 two	 pri-
mary	acid-base	disorders	may	occur	simultaneously	(mixed	
acid-base	 imbalance).	 For	 example,	 during	 cardiac	 arrest,	
both	respiratory	acidosis	and	metabolic	acidosis	commonly	
occur	because	of	hypoventilation	and	lactic	acidosis.	Use	the	
base	 excess	 to	 confirm	 your	 interpretation	 of	 the	 primary	
acid-base	disturbance,	especially	if	the	disorder	is	mixed.

Step 5: Determine whether any form of compensatory re-
sponse has taken place.	Compensation	refers	to	a	return	to	
a	normal	blood	pH	by	means	of	respiratory	or	renal	mecha-
nisms.	 The	 system	 opposite	 the	 primary	 disorder	 attempts	
the	compensation.	For	example,	 if	 a	patient	has	 respiratory	
acidosis,	such	as	occurs	in	COPD	(low	pH,	high	PaCO2),	the	
kidneys	respond	by	retaining	more	HCO3

2	and	excreting	H1.	
Conversely,	if	a	patient	has	metabolic	acidosis,	such	as	occurs	
in	diabetic	ketoacidosis	(low	pH,	low	HCO3

2),	the	lungs	re-
spond	 by	 hyperventilation	 and	 excretion	 of	 carbon	 dioxide	
(respiratory	 alkalosis).27,69	 So	 if	 the	 PaCO2	 and	 the	 HCO3
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pensate for acid-base imbalances in the respiratory or
metabolic systems. HCO3
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LABORATORY ALERT
Arterial Blood Gas Critical Values*

*Thesearecriticalvaluesonlyiftheydifferfrombaselinevalues
(i.e.,anacutechange).Somepatientswithpulmonarydiseasetoler-
atehighly“abnormal”arterialbloodgasvalues.
PaCO2,Partialpressureofcarbondioxideinarterialblood;PaO2,
partialpressureofoxygeninarterialblood.
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are	 abnormal	 in	 the	 same	 direction,	 then	 compensation	 is	
occurring.

Compensation	may	be	absent,	partial,	or	complete.	Com-
pensation	is	absent	if	the	system	opposite	the	primary	disor-
der	is	within	normal	range.	If	compensation	has	occurred	but	
the	pH	is	still	abnormal,	compensation	is	referred	to	as	par-
tial.	Compensation	is	complete	if	compensatory	mechanisms	
are	 present	 and	 the	 pH	 is	 within	 normal	 range.	 The	 body	
does	not	overcompensate.69,70	Examples	of	ABG	compensa-
tion	are	shown	in	Box	9-3.

Noninvasive Assessment of Gas Exchange
Intermittent	ABG	results	have	been	the	gold	standard	for	the	
monitoring	 of	 gas	 exchange	 and	acid-base	 status.	 Improve-
ments	 in	 technology	 for	 noninvasive	 assessment	 of	 gas	 ex-
change	by	pulse	oximetry	and	capnography	have	reduced	the	
number	of	ABG	samples	obtained	in	critically	ill	patients.

Assessment of Oxygenation
Pulse oximetry.	Pulse	oximetry	measures	the	saturation	

of	oxygen	in	pulsatile	blood	(SpO2)	which	reflects	the	SaO2.	

Example 1

PaO2 80mmHg(normal)
pH 7.30(low;acidosis)
PaCO2 50mmHg(high;respiratoryacidosis)
HCO3

2 22mEq/L(normal)
SaO2 95%(normal)

Interpretation:Normaloxygenation,respiratoryacidosis;no
compensation.

Example 2

PaO2 80mmHg(normal)
pH 7.32(low;acidosis)
PaCO2 50mmHg(high;respiratoryacidosis)
HCO3

2 28mEq/L(high;metabolicalkalosis)
SaO2 95%(normal)

Interpretation: Normal oxygenation, partly compensated
respiratoryacidosis.Thearterialbloodgasesareonlypartly
compensatedbecausethepHisnotyetwithinnormallimits.

Example 3

PaO2 80mmHg(normal)
pH 7.36(acidsideofnormal)
PaCO2 50mmHg(high;respiratoryacidosis)
HCO3

2 29mEq/L(high;metabolicalkalosis)
SaO2 95%(normal)

Interpretation:Normaloxygenation,completely(fully)com-
pensatedrespiratoryacidosis.ThepHisnowwithinnormal
limits;thereforecompletecompensationhasoccurred.

The	 oxyhemoglobin	 dissociation	 curve	 (see	 Figure	 9-8)	
shows	 the	 relationship	 between	 SaO2	 and	 PaO2	 and	 pro-
vides	 the	 basis	 for	 pulse	 oximetry.	 The	 sensor	 that	 mea-
sures	 SpO2	 is	 placed	 on	 the	 patient’s	 finger,	 toe,	 ear,	 or	
forehead	where	blood	flow	is	not	diminished.	Light	emitted	
from	the	sensor	is	absorbed	by	hemoglobin	with	oxygen,	or	
hemoglobin	without	oxygen	providing	the	necessary	infor-
mation	for	the	device	to	calculate	the	percent	hemoglobin	
saturated	 with	 oxygen	 in	 the	 pulsatile	 (arterial)	 blood.	
Critically	ill	patients	have	continuous	pulse	oximetry.	SpO2	
values	 are	 sometimes	“spot	 checked”	 in	 patients	 who	 are	
less	acutely	ill.	Pulse	oximetry	values	are	used	to	monitor	a	
patient’s	 response	 to	 treatment	 (e.g.,	 ventilator	 changes,	
suctioning,	 inhalation	 therapy,	body	position	changes)	by	
following	trends	in	oxygen	saturation.	However,	SpO2	only	
measures	fluctuation	in	oxygenation	and	cannot	be	used	to	
assess	carbon	dioxide	levels.51,57

To	ensure	accurate	SpO2	readings,	the	nurse	must	ensure	
that	the	sensor	is	placed	correctly	on	a	warm,	well-perfused	
area	and	an	adequate	pulsatile	signal	is	detected.	Several	fac-
tors	affect	the	accuracy	of	SpO2	values.	Artifact	from	patient	
motion	or	edema	at	the	sensor	site	may	prevent	an	accurate	
measurement.	 The	 SpO2	 measurements	 may	 be	 lower	 than	
the	actual	SaO2	if	the	perfusion	to	the	sensor	site	is	reduced	
(e.g.,	limb	ischemia,	or	inflated	blood	pressure	cuff),	or	in	the	
presence	of	sunlight,	fluorescent	light,	nail	polish	or	artificial	
nails,	and	intravenous	dyes.	The	SpO2	measurements	may	be	
higher	than	the	actual	SaO2	reported	by	ABG	analysis	if	the	
patient	has	an	abnormal	hemoglobin,	such	as	methemoglo-
bin	or	carboxyhemoglobin.28,35

Assessment of Ventilation
End-tidal carbon dioxide monitoring.	 End-tidal	 carbon	

dioxide	 monitoring	 (ETCO2)	 is	 the	 noninvasive	 measure-
ment	 of	 alveolar	 CO2	 at	 the	 end	 of	 exhalation	 when	 CO2	
concentration	is	at	its	peak.35,65	It	reflects	alveolar	CO2	level,	
which	in	turn	reflects	the	arterial	CO2	(PaCO2)	and	therefore	
is	used	to	monitor	and	assess	trends	in	the	patient’s	ventila-
tory	status.	Expired	gases	are	sampled	from	the	patient’s	air-
way	and	are	analyzed	by	a	CO2	sensor	that	uses	infrared	light	
to	 measure	 exhaled	 CO2	 at	 the	 end	 of	 inspiration.	 Both	
a	 numeric	 value	 and	 a	 waveform	 are	 provided	 for	 assess-
ment	 of	 ventilation	 (Figure	9-10).22,35,65	The	 sensor	may	be	

FIGURE 9-10 Capnogram or graphic display of exhaled
carbondioxide(CO2).RiseinthewaveformfromAtoDrep-
resentsCO2leavingthelung.PointDiswhereend-tidalCO2
ismeasuredandrepresentsthehighestconcentrationofex-
haledalveolarCO2.
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attached	to	an	adaptor	on	the	endotracheal	tube	(ETT)	or	the	
tracheostomy	 tube.	A	 nasal	 cannula	 with	 a	 sidestream	 cap-
nometer	can	be	used	in	patients	without	an	artificial	airway.51	
The	sampling	port	should	be	placed	as	close	as	possible	to	the	
patient’s	airway.

Normally,	ETCO2	values	average	2	to	5	mm	Hg	less	than	
the	 PaCO2	 in	 individuals	 with	 normal	 lung	 and	 cardiac	
function.35	 To	 determine	 the	 baseline	 correlation	 between	
ETCO2	and	PaCO2,	the	ETCO2	is	measured	at	the	same	time	
an	ABG	 is	obtained.	ETCO2	 is	 subtracted	 from	the	PaCO2,	
providing	 an	 index	 known	 as	 the	 PaCO2-ETCO2	 gradient.	
For	example,	if	a	blood	gas	shows	that	the	PaCO2	is	40	mm	
Hg	and	simultaneously	the	ETCO2	is	noted	to	be	36	mm	Hg,	
the	 PaCO2-ETCO2	 gradient	 is	 14.	 Knowing	 the	 gradient	
allows	for	noninvasive	assessment	of	the	patient’s	ventilation	
by	trend	monitoring	the	ETCO2	and	inferring	the	PaCO2	by	
use	of	the	gradient.51

ETCO2	 monitoring	 is	 used	 to	 evaluate	 ventilation	 for	
trending	data	when	precision	is	not	essential.	Clinical	appli-
cations	of	ETCO2	monitoring	include	assessment	of	the	pa-
tient’s	 response	 to	 ventilator	 changes	 and	 respiratory	 treat-
ments,	determining	the	proper	position	of	the	ETT,	trending	
CO2	in	patients	with	traumatic	brain	injury	or	subarachnoid	
hemorrhage,	 or	 detecting	 disconnection	 from	 the	 ventila-
tor.22,65	 The	 most	 common	 pitfall	 of	 ETCO2	 monitoring	 is	
believing	that	the	value	reflects	only	the	patient’s	ventilatory	
status.	Changes	in	exhaled	CO2	may	occur	because	of	changes	
not	only	in	ventilation,	but	also	in	CO2	production	(metabo-
lism),	 transport	 of	 CO2	 to	 the	 lung,	 and	 accuracy	 of	 the	
equipment.	For	example,	a	decreased	ETCO2	value	could	in-
dicate	 decreased	 alveolar	 ventilation,	 a	 reduction	 in	 lung	
perfusion	as	in	hypotension	or	pulmonary	embolus,	a	reduc-
tion	 in	 metabolic	 production	 of	 CO2	 as	 in	 hypothermia	 or	
return	 to	 normothermia	 after	 fever,	 or	 obstruction	 of	 the	
CO2	sampling	tube.22,65

Colorimetric carbon dioxide detector.	 Disposable	 col-
orimetric	ETCO2	detectors	are	routinely	used	after	intuba-
tion	 to	 differentiate	 tracheal	 from	 esophageal	 intubation	
(Figure	 9-11).35	 When	 CO2	 is	 detected,	 the	 color	 of	 the	
indicator	changes,	verifying	correct	tube	placement.

OXYGEN ADMINISTRATION
Oxygen	is	administered	to	treat	or	prevent	hypoxemia.	Oxy-
gen	may	be	supplied	by	various	sources	such	as	piped	into	
wall	 devices,	 oxygen	 tanks,	 or	 oxygen	 concentrators.	 The	
amount	of	oxygen	being	administered	to	the	patient	is	de-
scribed	 as	 the	 fraction	 of	 inspired	 oxygen	 (FiO2).	 Oxygen	
concentrations	 are	 reported	 in	 percentages,	 whereas	 the	
FiO2	 is	 reported	 as	 a	 decimal.	 Devices	 can	 deliver	 low	
(,35%),	moderate	(35%	to	60%),	or	high	(.60%)	oxygen	
concentrations.30,35

Oxygen	 delivery	 devices	 are	 classified	 into	 two	 general	
categories:	 low-flow	 systems	 (nasal	 cannula,	 simple	 face	
mask,	 partial-rebreather	 mask,	 and	 non-rebreather	 mask),	
and	 high-flow	 systems	 (air-entrainment	 or	 Venturi	 mask		
and	 high-flow	 nasal	 cannula).30,51	 Low-flow	 systems	 deliver	

oxygen	at	flow	rates	that	are	less	than	the	patient’s	inspiratory	
demand	for	gas;	 total	patient	demand	is	not	met.	Low-flow	
system	 devices	 require	 that	 the	 patient	 entrain,	 or	 draw	 in,	
room	air	along	with	the	delivered	O2	enriched	gas.	FiO2	can-
not	be	precisely	controlled	or	predicted,	because	 it	 is	deter-
mined	not	only	by	the	amount	of	oxygen	delivered	but	also	
the	patient’s	ventilatory	pattern	and	thus	the	amount	of	air	
the	patient	entrains.	For	example,	if	the	patient’s	ventilation	
increases,	 the	 delivered	 FiO2	 decreases	 because	 the	 patient	
entrains	 a	 larger	 percentage	 of	 room	 air.	 Conversely,	 if	 the	
patient’s	 ventilation	 decreases,	 the	 oxygen	 delivered	 is	 less	
diluted	and	the	FiO2	rises.30,51	In	high-flow	systems,	the	flow	
of	 oxygen	 enriched	 gas	 is	 sufficient	 for	 the	 patient’s	 total		
inspiratory	 demand.	 The	 FiO2	 remains	 fairly	 constant.	 In	
general,	for	delivery	of	a	consistent	FiO2	to	a	patient	with	a	
variable	(deep,	irregular,	shallow)	ventilatory	pattern,	a	high-
flow	system	should	be	used.

The	successful	administration	of	oxygen	therapy	is	impor-
tant	in	treating	hypoxemia.	When	administering	oxygen,	it	is	
important	to	consider	not	only	the	adequacy	of	the	flow	de-
livered	by	a	device,	but	also	fit	and	function.	To	ensure	proper	
fit	and	function,	the	nurse	or	RT	inspects	the	patient’s	face	to	
assess	how	well	the	oxygen	delivery	device	is	positioned	and	
whether	the	airway	is	patent.	The	oxygen-connecting	tubing	
is	traced	back	to	the	gas	source	origin	to	ensure	that	it	is	con-
nected.	Finally,	it	is	important	to	ensure	that	the	gas	source	is	
oxygen	and	that	it	is	turned	on	and	set	properly.

Humidification
Humidification	of	oxygen	is	recommended	when	O2	flow	is	
greater	than	4	L/min	to	prevent	the	mucous	membranes	from	

FIGURE 9-11 Disposable colorimetric carbon dioxide (CO2)
detectorforconfirmingendotrachealtubeplacement.Detec-
tion of CO2 confirms tube placement in the lungs because
theonlysourceofCO2isthealveoli.(Imageusedbypermis-
sion from Nellcor Puritan Bennett LLC, Boulder, Colorado,
doingbusinessasCovidien.)
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drying.	At	lower	flow	rates,	the	patient’s	natural	humidifica-
tion	 system	 provides	 adequate	 humidity.21,49,69	 The	 nurse	
monitors	 the	 quantity	 and	 quality	 (consistency)	 of	 the		
patient’s	secretions	to	determine	the	adequacy	of	humidifi-
cation.	If	the	secretions	are	thick	despite	adequate	humidi-
fication	 of	 the	 delivered	 gases,	 the	 patient	 needs	 systemic	
hydration.

Humidification	is	also	an	important	element	of	ventilator	
management.	 It	 is	 essential	 to	 maintain	 the	 inspired	 gas	
reaching	the	patient’s	airway	at	as	close	 to	37°	C	and	100%	
relative	humidity	as	possible.30,69	Two	approaches	are	used	to	
provide	 humidification.	 One	 method	 functions	 by	 actively	
passing	the	dry	inspired	gas	through	a	water-based	humidifi-
cation	 system	 before	 it	 reaches	 the	 patient’s	 airway.	 The		
second	method	is	to	attach	a	heat-moisture	exchanger	(HME)	
to	 the	ventilator	circuit.	The	HME	functions	as	an	artificial	
“nose”	 to	 warm	 and	 humidify	 the	 patient’s	 inspired	 breath	
with	his	or	her	own	expired	moisture	and	body	heat.

During	mechanical	ventilation,	frequent	inspection	of	the	
humidification	unit	 is	needed.	 If	 a	water-based	humidifica-
tion	 is	 used,	 routine	 checks	 include	 maintaining	 the	 water	
reservoir	 level	 and	 removing	 condensate	 from	 loops	 in	 the	
ventilator	circuit.	During	manipulation	of	the	circuit	tubing,	
it	is	important	to	prevent	emptying	the	condensate	into	the	
patient’s	 airway.	 This	 can	 lead	 to	 contamination	 of	 the	 pa-
tient’s	 airway	as	well	 as	breathing	difficulty.33	 If	 an	HME	 is	
used,	it	must	be	inspected	regularly	for	accumulation	of	pa-
tient	secretions	in	the	device,	which	could	result	in	partial	or	
complete	 obstruction,	 increased	 airway	 resistance,	 and	 in-
creased	WOB.21

Oxygen Delivery Devices
Nasal Cannula
The	nasal	cannula	is	relatively	comfortable	to	wear	and	easy	to	
secure	on	the	patient.	In	adult	patients,	nasal	cannulas	provide	
oxygen	concentrations	between	24%	and	44%	oxygen	at	flow	
rates	 up	 to	 6	 L/min.30,35	An	 increase	 in	 oxygen	 flow	 rate	 by	
1	L/min	generally	increases	oxygen	delivery	by	4%	(e.g.,	2	L/
min	nasal	cannula	delivers	28%	of	oxygen,	whereas	3	L/min	
provides	32%).	Flow	rates	higher	than	6	L/min	are	not	effec-
tive	 in	 increasing	 oxygenation	 because	 the	 capacity	 of	 the		
patient’s	 anatomical	 reservoir	 in	 the	 nasopharynx	 is	 sur-
passed.	 An	 important	 nursing	 intervention	 for	 patients	 re-
ceiving	oxygen	via	nasal	cannula	is	to	assess	the	skin	above	the	
ears	for	skin	breakdown.	It	may	be	necessary	to	pad	the	tubing	
over	the	ear	with	gauze.

High Flow Nasal Cannula
Oxygen	 delivered	 at	 rates	 ranging	 from	 15	 to	 40	 L/min	 is	
known	 as	 high-flow	 therapy	 and	 has	 historically	 has	 been	
delivered	with	face	masks.	However,	the	delivery	of	high-flow	
therapy,	which	provides	high	concentrations	of	oxygen	rang-
ing	from	60%	to	90%	and	greater	is	possible	through	a	nasal	
cannula	when	it	 is	properly	humidified	with	a	special	high-
flow	system.	Compliance	with	therapy	is	usually	better	with		
a	 nasal	 cannula	 because	 the	 patient	 is	 more	 comfortable		
and	 can	 eat,	 drink,	 and	 talk.	 The	 high-flow	 system	 fills	 the	

patient’s	nasopharynx	so	that	it	becomes	a	reservoir	of	oxy-
gen,	 thereby	 improving	 the	 oxygen	 delivered	 to	 the	 alveoli	
with	each	breath.	It	is	important	to	collaborate	with	the	RT	
to	 ensure	 the	 water	 in	 the	 system	 remains	 sufficient	 to	 hu-
midify	the	high	flow	of	gas.

Simple Face Mask
Placing	 a	 mask	 over	 the	 patient’s	 face	 creates	 an	 additional	
oxygen	reservoir	beyond	the	patient’s	natural	anatomical	res-
ervoir.	 The	 mask	 should	 fit	 tight	 and	 the	 flow	 rate	 set	 to	 at	
least	5	L/min	to	prevent	rebreathing	carbon	dioxide.	Oxygen	
is	 delivered	 at	 flow	 rates	 of	 5	 to	 12	 L/min,	 which	 provides	
concentrations	 of	 30%	 to	 60%.35	 The	 patient	 should	 be	 in-
structed	about	the	importance	of	wearing	the	mask	as	applied.	
The	inside	of	the	mask	should	be	cleaned	as	needed,	and	the	
skin	should	be	assessed	for	areas	of	pressure.30

Face Masks with Reservoirs
Both	 the	partial	 rebreathing	and	non-rebreathing	masks	are	
similar	to	the	design	of	a	simple	face	mask,	but	with	the	addi-
tion	 of	 an	 oxygen	 reservoir	 bag.	 The	 reservoir	 increases	 the	
amount	of	oxygen	available	to	the	patient	during	inspiration	
and	allows	for	the	delivery	of	concentrations	of	35%	to	60%	
(partial	rebreather)	or	60%	to	80%	(non-rebreather)	depen-
dent	 on	 the	 flowmeter	 setting,	 the	 fit	 of	 the	 mask,	 and	 the	
patient’s	 respiratory	 pattern.	 The	 main	 difference	 between	
these	two	devices	is	that	the	non-rebreather	mask	has	one-way	
valves	between	the	mask	and	reservoir	bag	and	over	one	of	the	
exhalation	 ports.	 These	 valves	 ensure	 the	 patient	 breathes	 a	
high	concentration	of	oxygen-enriched	gas	from	the	reservoir	
with	 each	 breath	 (Figure	 9-12).	 The	 flow	 rate	 on	 the	 meter	
should	be	set	 to	prevent	the	reservoir	bag	from	deflating	no	
more	 than	 one	 half	 during	 inspiration	 for	 the	 partial	 re-
breather,	and	to	prevent	the	bag	from	deflating	for	the	non-
rebreather.30	Either	mask	may	be	used	in	the	critically	ill	pa-
tient	with	severe	hypoxemia	in	an	effort	to	prevent	the	need	
for	endotracheal	intubation	and	mechanical	ventilation.

Venturi or Air-Entrainment Mask
The	 Venturi	 or	 air-entrainment	 mask	 appears	 much	 like	 a	
simple	face	mask;	however,	it	has	a	jet	adapter	placed	between	
the	mask	and	the	tubing	to	the	oxygen	source.	The	jet	adapt-
ers	 come	 in	 various	 sizes	 and	 are	 often	 color	 coded	 to	 the	
FiO2	they	deliver.	The	appropriate	oxygen	flow	rate	 is	often	
inscribed	 on	 the	 adapter	 (Figure	 9-13).	 The	 Venturi	 mask	
delivers	 a	 fixed	 FiO2.	 Because	 the	 level	 of	 oxygen	 can	 be	
closely	regulated,	the	Venturi	mask	is	commonly	used	in	the	
hypoxemic	patient	with	chronic	pulmonary	disease	for	whom	
the	delivery	of	excessive	oxygen	could	depress	the	respiratory	
drive.30,35

Aerosol and Humidity Delivery Systems
The	goal	of	adding	humidity	to	the	inspired	gases	is	to	prevent	
dehydration	of	the	airways	and	secretions	secondary	to	breath-
ing	 dry	 medical	 gases.	 The	 high-humidity	 face	 mask	 or	 face	
tent	is	an	option	for	patients	who	do	not	have	artificial	airways	
(Figure	 9-14).	 High-flow	 devices	 used	 for	 administering	
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humidified	oxygen	to	patients	with	an	artificial	airway	are	the	
T-piece	and	the	tracheostomy	mask/collar.	Humidity	is	added	
through	a	nebulizer	that	delivers	a	fixed	FiO2.	The	initial	flow	
rate	is	set	at	10	L/min	and	is	adjusted	so	that	a	constant	mist	is	
seen	coming	from	the	exhalation	port30,35,51

Manual Resuscitation Bag (Variable Performance)
A	 manual	 resuscitation	 bag,	 or	 bag-valve	 device,	 is	 used	 to	
ventilate	and	oxygenate	a	patient	manually	(see	Chapter	10).	
The	device	is	attached	to	a	face	mask	or	connected	directly	to	
an	ETT	or	tracheostomy	tube	to	ventilate	the	patient.	When	
used	on	an	emergency	basis,	the	bag-valve	device	should	have	
a	reservoir	attached	to	increase	the	FiO2.	The	oxygen	flowme-
ter	attached	to	the	bag	is	set	at	15	L/min.51

AIRWAY MANAGEMENT
Positioning
A	patent	airway	 is	essential	 to	adequate	ventilation	and	is	a	
priority	of	nursing	care.	When	the	airway	is	partially	or	to-
tally	obstructed	the	first	method	for	reinstating	a	patent	air-
way	is	proper	head	position	with	the	head-tilt/chin-lift	or	jaw	
thrust.	An	airway	adjunct	such	as	the	oral	or	nasopharyngeal	
airway	may	be	needed	to	help	maintain	the	airway.

A B

C D
FIGURE 9-14 Devicesusedtoapplyhigh-flow,high-humidity
oxygentherapy.A,Aerosolmask.B,Facetent.C,Tracheos-
tomycollar.D,BriggsT-piece.(FromKacmarekRM,DimasS,
Mack CW. The Essentials of Respiratory Care. 4th ed.
St.Louis:Mosby;2005.)
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FIGURE 9-13 Air-entrainment (Venturi) mask with various jet
orifices.EachorificeprovidesaspecificdeliveredFiO2.(Modi-
fiedfromKacmarekRM,DimasS,MackCW.The Essentials of 
Respiratory Care.4thed.St.Louis:Mosby;2005.)

Non-
rebreathing

mask

One-way
valves

Safety
gas inlet

valve

Partial
rebreathing

mask

FIGURE 9-12 Partialrebreathingandnon-rebreathingoxygen
masks. (From Kacmarek RM, Dimas S, Mack CW. The Es-
sentials of Respiratory Care.4thed.St.Louis:Mosby;2005.)
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 1. Choose the proper size by measuring the airway on the
patient. Airway should extend from the edge of the pa-
tient’smouthtotheearlobe.

 2. Suctionmucusfromthemouthusingatonsil(Yankauer)tip
catheter.

 3. Turntheairwayupsidedownwithitstipagainstthehard
palateandslideairwayintomouthuntilthesoftpalate is
reached;thenrotatetheairwaytomatchthecurvatureof
thetongueintotheproperposition.

 4. Analternativemethodtostep3istouseatonguebladeto
depress the patient’s tongue while inserting the airway,
matchingitscurvaturetothatofthetongue.

 5. Advancetiptobackofmouth.Ensureendofairwayrests
betweentheteethbutdoesnotcompressthelipsagainst
theteeth,whichwouldcauseinjury.

 6. Assess airway patency, breath sounds, and chest move-
ment. Noises indicating upper airway obstruction should
beabsent.

 7. Maintainthepatient’sproperheadalignmentafterairway
insertion.

 1. Choosethepropersizebypositioningtheairwayalongthe
sideof thehead.Theproper lengthairwayextends from
thenostriltotheearlobe,orjustpasttheangleofthejaw.

 2. Generouslylubricatethetipandsidesofthenasalairway
withawater-solublelubricant.

 3. If timeallows, lubricate thenasalpassagewith a topical
anesthetic.

 4. Inserttheairwaymediallyanddownward,notupwardbe-
cause the nasopharynx lies directly behind the nares. It
maybenecessarytorotatetheairwayslightly.

 5. Afterinsertion,assessairwaypatency,breathsounds,and
chestmovement.

Oral Airways
The	oropharyngeal	 airway	prevents	 the	 tongue	 from	 falling	
back	 and	 obstructing	 the	 pharynx	 (Figure	 9-15).	 It	 is	 indi-
cated	when	the	patient	has	a	depressed	level	of	consciousness.	
It	may	also	be	used	to	make	ventilation	with	a	manual	resus-
citation	 bag	 more	 effective,	 or	 to	 prevent	 an	 unconscious	
patient	 from	biting	and	occluding	an	ETT.	 It	 is	 contraindi-
cated	in	a	patient	who	is	awake	because	it	stimulates	the	gag	
reflex,	resulting	in	discomfort,	agitation,	and	possibly	emesis.	
It	 is	 important	 to	 choose	 the	 proper	 size	 oral	 airway:	 too	
short	 an	 airway	 forces	 the	 patient’s	 tongue	 back	 into	 the	
pharynx	and	too	 long	stimulates	 the	gag	reflex.58,60	Nursing	
care	includes	assessing	the	lips	and	tongue	for	signs	of	pres-
sure	 ulceration	 and	 suctioning	 the	 oropharynx	 of	 accumu-
lated	secretions.51	The	technique	for	inserting	an	oral	airway	
is	described	in	Box	9-4.

Nasopharyngeal Airways
The	nasopharyngeal	airway,	also	known	as	a	nasal	airway	or	
nasal	 trumpet,	 is	 a	 soft	 rubber	 or	 latex	 tube	 placed	 in	 the	
nose	and	extending	to	the	posterior	portion	of	the	pharynx	
(Figure	9-16).	It	is	indicated	when	an	oropharyngeal	airway	
is	contraindicated	or	too	difficult	to	place,	such	as	when	the	
patient’s	 jaw	 is	 tight	 during	 a	 seizure,	 or	 if	 oral	 trauma	 is	
present.	 Nasopharyngeal	 airways	 are	 better	 tolerated	 than	
oral	airways	in	the	conscious	patient,	are	more	comfortable,	
and	facilitate	the	passage	of	a	suction	catheter	during	naso-
tracheal	suctioning.

The	procedure	for	inserting	a	nasotracheal	airway	is	de-
scribed	 in	 Box	 9-5.	 Complications	 of	 nasopharyngeal	 air-
ways	include	insertion	into	the	esophagus	if	the	airway	is	too	
long,	nosebleeds,	and	ulceration	of	the	nares.	Extended	use	
of	nasopharyngeal	airways	 is	not	recommended	because	of	
an	increased	risk	for	sinusitis	or	otitis.

Endotracheal Intubation
Intubation	refers	to	the	insertion	of	an	ETT	into	the	trachea	
through	 either	 the	 mouth	 or	 the	 nose.	 Advantages	 of	 oral	
versus	 nasal	 endotracheal	 intubation	 are	 listed	 in	 Box	 9-6.	
The	 ETT	 (Figure	 9-17,	 A)	 is	 typically	 made	 of	 a	 polyvinyl	

BOX 9-4   INSERTION OF ORAL AIRWAY
Epiglottis

FIGURE 9-16 Thenasopharyngealairway isusedtorelieve
upperairwayobstructionandtofacilitatepassageofasuc-
tioncatheter.

FIGURE 9-15 Maintaining a patent airway with an oral air-
way. (ModifiedfromShillingA,DurbinCG.Airwaymanage-
ment.In:CairoJM,ed.Mosby’s Respiratory Care Equipment.
8thed.St.Louis:Mosby;2010.)

BOX 9-5   INSERTION OF NASAL AIRWAY
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Oral Intubation
Advantages
• Quicklyperformed,emergencyairway
• Largertubefacilitatessecretionremovalandbronchoscopy;

createslessairwayresistance
• Lesskinkingoftube
• Preferredmethod;lesssinusitisandotitismedia

Disadvantages
• Discomfort
• Mouthcaremoredifficulttoperform
• Impairsabilitytoswallow
• Mayincreaseoralsecretionproduction
• Maycauseirritationandulcerationofthemouth
• Greaterriskofself-extubation
• Moredifficulttocommunicatebymouthingwords
• Patientmaybiteonairway,reducinggasflow

Nasotracheal Intubation
Advantages
• Greaterpatientcomfortandtolerance
• Bettermouthcarepossible
• Feweroralcomplications
• Lessriskofaccidentalextubation
• Facilitatesswallowingoforalsecretions
• Communicationbymouthingwordsenhanced

Disadvantages
• Moredifficulttoplace
• Possibleepistaxisduringinsertion
• Increasesriskforsinusitisandotitismedia
• Maybemoredifficulttoperform
• Secretion removal more difficult because of smaller tube

diameter
• Increases work of breathing associated with smaller

diametertube

BOX 9-6   ORAL VERSUS NASOTRACHEAL INTUBATION

Standard
15 mm

connector

Pilot
balloon

and valve

Murphy
eye

Tracheal
cuff

A

Secretion evacuation port

B

FIGURE 9-17 A, Endotracheal tube. B, Hi-Lo Evac endotracheal tube. Note suction port
abovethecuffforremovalofpooledsecretions.(FromShillingA,DurbinCG.Airwaymanage-
ment.In:CairoJM,ed.Mosby’s Respiratory Care Equipment.8thed.St.Louis:Mosby;2010.)
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chloride	or	silicone	material	with	a	distal	cuff	that	is	inflated	
via	a	one-way	valve	pilot	balloon.	The	purpose	of	the	cuff	is	
to	 facilitate	ventilation	of	 the	patient	by	sealing	 the	 trachea	
and	allowing	air	to	pass	through,	not	around	the	ETT.	Stan-
dard	ETT	cuffs	are	the	high-volume,	low-pressure	type,	and	
most	 cuffs	 are	 inflated	 with	 air	 (some	 tubes	 have	 a	 foam-
filled	cuff).	The	pilot	balloon	is	used	to	monitor	and	adjust	
cuff	pressure	as	indicated.58

ETTs	capable	of	continuous	suctioning	of	subglottic	secre-
tions	 are	 used	 in	 some	 facilities.	 These	 tubes	 have	 an	 extra	
suction	 port	 just	 above	 the	 cuff	 for	 removal	 of	 secretions		
that	 accumulate	 above	 the	 cuff	 (Figure	 9-17,	 B).	 Evidence	
shows	a	decrease	in	ventilator-associated	pneumonia	by	nearly		
50%	 when	 these	 tubes	 are	 used	 (see	 box,	 “Evidence-Based	
Practice”).14,15	 Additional	 interventions	 are	 required	 when	
these	tubes	are	in	place.	Continuous	low-pressure	suction	not	
exceeding	220	mm	Hg	is	applied	to	the	suction	 lumen.	The	
suction	lumen	must	remain	patent.	Administration	of	a	bolus	
of	air	through	the	suction	port	is	often	needed	to	relieve	ob-
struction	and	maintain	continuous	suction.

how	to	connect	the	laryngoscope	blade	to	the	handle,	check	
to	 see	 that	 it	 illuminates	 properly,	 and	 change	 the	 bulb	 as	
needed.	Intubation	equipment	is	frequently	kept	together	in	
an	 emergency	 cart	 or	 special	 procedures	 box	 to	 facilitate	
emergency	 intubation	 (Figure	 9-18).	 The	 nurse	 notifies	 the	
RT	to	obtain	a	ventilator,	explains	 the	procedure	 to	 the	pa-
tient,	removes	dentures	if	present,	gathers	all	equipment,	and	
ensures	 that	 suction	 equipment	 is	 in	 working	 order.	 The	
nurse	assists	 in	positioning	 the	patient,	verifies	 that	 the	pa-
tient	has	a	patent	intravenous	line	for	the	administration	of	
fluids	 and	 medications,	 and	 provides	 the	 necessary	 equip-
ment	while	anticipating	the	needs	of	the	individual	perform-
ing	the	intubation.

Procedure for Oral Endotracheal Intubation
The	proper	size	ETT	is	chosen;	it	is	important	that	the	ETT	
not	be	too	small,	because	a	smaller-diameter	ETT	substan-
tially	increases	airway	resistance	and	the	patient’s	WOB.	The	
average-sized	 ETT	 ranges	 from	 7.5	 to	 8.0	 mm	 for	 women	
and	from	8.0	to	9.0	mm	for	men.58	After	the	proper	size	ETT	
is	 selected,	 the	 cuff	 is	 inflated	 to	 check	 for	 symmetry	 and	
any	leaks.	A	plastic-coated	malleable	stylet	may	be	used	to	
stiffen	the	ETT	to	facilitate	insertion,	but	it	should	be	care-
fully	placed	inside	the	ETT	to	avoid	its	protrusion	beyond	
the	 end	 of	 the	 ETT.	 The	 ETT	 is	 lubricated	 with	 a	 water-
soluble	lubricant	to	facilitate	passage	through	the	structures	
of	the	oropharynx.

The	laryngoscope	is	attached	to	the	appropriate	size	and	
type	 of	 blade	 (straight	 or	 curved)	 based	 on	 the	 patient’s	
anatomy	and	the	preference	of	the	clinician	performing	the	
intubation.	Blade	sizes	range	from	0	to	4.	The	average-sized	
adult	is	intubated	with	a	size-3	blade.60	Optional	equipment	

EVIDENCE-BASED PRACTICE
Outcomes of Endotracheal Tubes with Subglottic Secretion Drainage

Problem
Specialized endotracheal tubes (ETT) have been developed
with the target of reducing ventilator-associated pneumonia
(VAP).Onesuchtubehasanadditionalportforsubglotticse-
cretiondrainage(SSD-ETT).Outcomesofsuchdevicesneedto
beevaluated.

Clinical Question
WhatistheimpactoftheSSD-ETTonpreventingVAP?

Evidence
Ameta-analysisof13randomizedclinicaltrialswasconducted.
VAPwasreducedin12ofthetrials.TheoverallriskforVAPwas
reducedby50%.UseoftheSSD-ETTalsoresultedinareduc-
tioninthecriticalcarelengthofstayanddurationofmechani-
calventilation.InsubjectswhodevelopedVAP,theonsetwas
delayedinthosewiththeSSD-ETT.

Implications for Nursing
Despitestrongevidenceastotheoutcomesassociatedwith
theSSD-ETT,thetubeshavenotbeenwidelyadopted.Primary

reasonsfornonusearethehighercostsassociatedwiththe
devices,andensuringthatpatientswhomaybenefitfromthe
tube get intubated with the specialized devices. Nurses can
assist indevelopingprotocolsfor implementingtheSSD-ETT
in clinical practice, such as availability of the tube on crash
cartsand intheemergencydepartment.Whenapatienthas
anSSD-ETT, thenursemustcollaboratewith the respiratory
therapist toensurethatthesuctionport isconnectedtothe
suctionregulatoratthecorrectpressureandthatitisdraining
appropriately.Periodicflushingof thesuctionportwithair is
needed.

Level of Evidence
A—Meta-analysis

Reference
Muscedere J, Rewa O, Mckechnie K, Jiang X, Laporta D, &

HeylandDK.Subglotticsecretiondrainagefor thepreven-
tion of ventilator-associated pneumonia: a systematic re-
view and meta-analysis. Critical Care Medicine 2011;39,
1985-1991.

Intubation	 is	 performed	 to	 establish	 an	 airway,	 assist	 in	
secretion	 removal,	 protect	 the	 airway	 from	 aspiration	 in		
patients	 with	 a	 depressed	 cough	 and	 gag,	 and	 provide	 me-
chanical	ventilation.	Personnel	who	are	trained	and	skilled	in	
intubation	 perform	 the	 procedure:	 anesthesiologists,	 nurse	
anesthetists,	 acute	 care	 nurse	 practitioners,	 emergency	 de-
partment	 physicians,	 intensivists,	 RTs,	 and	 some	 paramed-
ics.51	Intubation	may	be	performed	emergently	on	a	patient	
in	cardiac	or	respiratory	arrest,	or	electively	in	a	patient	with	
impending	respiratory	failure.

The	nurse	must	be	familiar	with	and	be	able	to	gather	in-
tubation	 equipment	 quickly.	 The	 nurse	 also	 needs	 to	 know	
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includes	 a	 fiberoptic	 laryngoscope	 or	 equipment	 for	 video-
assisted	intubation.

The	patient	is	placed	in	a	“sniffing”	position	to	facilitate	vi-
sualization	of	the	glottis,	or	vocal	cords.	Placing	a	folded	towel	
or	bath	blanket	under	the	head	may	help	to	achieve	this	posi-
tion	 (Figure	 9-19).	 Time	 permitting,	 the	 patient	 is	 premedi-
cated	with	a	sedative	and	possibly	a	paralytic	agent	to	allow	for	
easier	manipulation	of	the	mandible	and	visualization	of	the	
glottis.	The	patient	is	then	hyperoxygenated	with	100%	oxygen	
by	using	a	bag-valve	device	connected	to	a	face	mask.	The	in-
tubation	procedure	should	be	performed	within	30	seconds.	If	
the	intubation	is	difficult	and	additional	attempts	are	required	

to	secure	the	airway,	the	patient	must	be	manually	ventilated	
between	each	intubation	attempt.

The	person	doing	the	intubation,	while	taking	care	not	to	
damage	the	patient’s	teeth	or	other	structures,	inserts	the	la-
ryngoscope	 blade	 into	 the	 patient’s	 mouth	 to	 visualize	 the	
vocal	 cords.	 If	 secretions	 and	 vomitus	 are	 present,	 the	 oral	
cavity	is	suctioned.	A	rigid	tonsil	tip	suction	(e.g.,	Yankauer)	
is	 very	 efficient	 in	 removing	 thick	 secretions	 and	 is	 often	
used.	 When	 the	 tube	 is	 properly	 inserted	 about	 5	 to	 6	 cm	
beyond	the	vocal	cords	into	the	trachea,	the	laryngoscope	and	
stylet	are	removed	and	the	ETT	cuff	is	inflated.58,60

Procedure for Nasotracheal Intubation
Two	approaches	 to	nasal	 intubation	are	possible:	blind	and	
direct	visualization.60	The	equipment	for	nasotracheal	 intu-
bation	is	the	same	as	for	oral	intubation	with	the	addition	of	
Magill	forceps.	The	naris	selected	for	the	ETT	passage	is	pre-
pared	with	a	topical	vasoconstricting	agent	to	reduce	bleed-
ing,	 and	 an	 anesthetic	 agent.	 One	 option	 is	 to	 lubricate		
the	 ETT	 with	 a	 water-soluble	 gel	 containing	 2%	 lidocaine.	
The	patient	is	positioned	as	indicated	by	the	preference	of	the	
person	performing	the	intubation:	semi-Fowler,	high	Fowler,	
or	supine.

After	the	patient’s	naris	and	the	ETT	have	been	prepared,	
the	ETT	is	inserted	“blindly”;	that	is,	no	laryngoscope	is	used	
to	visualize	the	cords.	The	ETT	is	advanced	toward	the	glottis	
as	the	intubator	listens	to	the	intensity	of	the	patient’s	breath-
ing.	 Blind	 intubation	 can	 be	 performed	 only	 in	 the	 patient	
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FIGURE 9-18 Equipment used for endotracheal intubation: A, stylet (disposable); B, endotra-
cheal tubewith10-mLsyringe for cuff inflation;C, laryngoscopehandlewithattachedcurved
blade(left)andstraightblade(right);D,water-solublelubricant;E,colorimetricCO2detectorto
checktubeplacement;F,tapeorG,commercialdevicetosecuretube;H,Yankauerdisposable
pharyngealsuctiondevice;I,Magillforceps(optional).Additionalequipment,notshown,includes
suctionsourceandstethoscope.

4”

FIGURE 9-19 Elevating the head with a blanket or folded
towelsplaces thepatient in the“sniffingposition” to facili-
tateendotrachealintubation.
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who	 is	 capable	 of	 spontaneous	 respirations.	 The	 closer	 the	
intubator	comes	to	the	glottis,	the	more	intense	the	sound	of	
air	movement	becomes	until	the	ETT	passes	through	the	vo-
cal	cords	and	moves	into	the	trachea.	The	passage	of	the	ETT	
beyond	the	vocal	cords	usually	elicits	a	cough	from	the	pa-
tient	and	vocal	silence.

Because	 some	 patients	 have	 atypical	 upper	 airway	 anat-
omy,	nasal	intubation	can	also	be	performed	through	direct	
visualization.	In	this	method,	the	practitioner	uses	a	laryngo-
scope	and	Magill	forceps,	or	fiberoptic	bronchoscopy,	for	the	
procedure.	When	the	tube	reaches	the	oropharynx,	the	laryn-
goscope	is	inserted	to	visualize	the	cords,	and	the	Magill	for-
ceps	are	used	to	grasp	the	tube	just	above	the	ETT	cuff	and	
direct	it	between	the	vocal	cords.	With	nasal	intubation,	the	
correct	 placement	 level	 of	 the	 ETT	 at	 the	 naris	 is	 usually		
28	cm	for	males	and	26	cm	for	females.58

Verification of Endotracheal Tube Placement
Correct	placement	of	the	ETT	in	the	trachea	(versus	incorrect	
placement	in	the	esophagus)	is	verified	by	clinical	assessment	
and	confirmation	devices.	Clinical	assessment	 includes	aus-
cultation	 of	 the	 epigastrium	 and	 lung	 fields,	 and	 observing	
for	bilateral	chest	expansion.66	Failure	to	hear	breath	sounds	
while	hearing	air	over	the	epigastrium	represents	esophageal	
rather	than	tracheal	intubation.	Breath	sounds	are	equal	bi-
laterally	when	the	tube	is	placed	correctly.	Intubation	of	the	
right	mainstem	bronchus	is	common	because	the	right	main-
stem	 is	 straighter	 than	 the	 left,	 and	 the	ETT	 is	occasionally	
placed	deeper	in	the	trachea	than	necessary.	Right	mainstem	
bronchus	intubation	is	suspected	when	unilateral	expansion	
of	 the	 right	 chest	 is	 observed	 during	 ventilation	 and	 the	
breath	sounds	are	louder	on	the	right	than	left.

Another	method	of	assessment	 is	done	with	a	confirma-
tion	 device.	 Monitoring	 devices	 to	 confirm	 ETT	 placement	
include	either	a	disposable	ETCO2	detector,	or	a	bulb	aspira-
tion	 device	 (esophageal	 detector	 device).	 The	 disposable	
ETCO2	detector	is	attached	to	the	end	of	the	ETT.	This	device	
changes	color	when	carbon	dioxide	is	detected	and	is	a	highly	
reliable	 method	 of	 confirming	 tracheal	 (versus	 esophageal)	
intubation.58,60	Another	option	is	to	attach	an	aspiration	de-
vice	that	is	similar	to	a	bulb	syringe.	The	device	is	compressed	
and	deflated	and	is	attached	to	the	ETT.	If	the	tube	is	in	the	
trachea,	the	bulb	inflates	rapidly.	If	the	tube	is	in	the	esopha-
gus,	 filling	 is	 delayed.	 Pulse	 oximetry	 also	 assists	 in	 assess-
ment	of	tube	placement.	SpO2	will	 fall	 if	 the	esophagus	has	
been	 inadvertently	 intubated,	 and	 it	 may	 be	 decreased	 in	
right	 mainstem	 intubation.	 Finally,	 a	 portable	 chest	 radio-
graph	is	ordered	to	confirm	tube	placement.51

The	 tip	 of	 the	 ETT	 should	 be	 approximately	 3	 to	 4	 cm	
above	 the	 carina.60	 Once	 the	 placement	 is	 confirmed,	 the	
centimeter	depth	marking	at	the	lip	or	naris	should	be	noted	
in	 the	 medical	 record.	 An	 indelible	 marker	 can	 be	 used	 to	
mark	the	ETT	at	the	lip	or	naris.	These	nursing	measures	as-
sist	 with	 ongoing	 monitoring	 of	 proper	 tube	 position.	 The	
nurse	and	RT	collaborate	 to	ensure	 the	ETT	is	properly	 se-
cured	with	tape	or	a	commercial	device	to	prevent	dislodg-
ing.	Figure	9-20	shows	two	methods	for	securing	the	ETT.

Tracheostomy
A	 tracheostomy	 tube	 provides	 an	 airway	 directly	 into	 the	
anterior	 portion	 of	 the	 neck.	 Tracheostomy	 tubes	 are	 indi-
cated	for	long-term	mechanical	ventilation,	long-term	secre-
tion	 management,	 protecting	 the	 airway	 from	 aspiration	
when	the	cough	and	gag	reflexes	are	impaired,	bypassing	an	
upper	airway	obstruction	that	prevents	placement	of	an	ETT,	
and	reducing	the	WOB	associated	with	an	ETT.	The	trache-
ostomy	tube	reduces	the	WOB	because	it	 is	shorter	than	an	
ETT	and	airflow	resistance	is	less.18,66

A	tracheostomy	is	the	preferred	airway	for	the	patient	re-
quiring	a	long-term	airway	who	is	able	to	transfer	to	a	pro-
gressive	care	unit,	because	it	is	associated	with	several	advan-
tages.66	It	is	better	tolerated	than	an	ETT;	therefore	patients	
may	require	less	sedation	or	restraint	use.	A	patient	may	be	
permitted	oral	intake	if	swallowing	studies	demonstrate	ab-
sence	 of	 aspiration.	 Oral	 hygiene	 is	 more	 easily	 performed,	
and	some	tube	designs	allow	for	talking	and	therefore	facili-
tate	patient	communication.

There	 is	 no	 clearly	 defined	 time	 for	 when	 a	 tracheostomy	
should	be	performed.	If	mechanical	ventilation	and	an	artificial	
airway	are	projected	to	be	needed	for	a	prolonged	period,	the	
decision	to	perform	a	tracheostomy	should	be	made	early.17

The	 tracheostomy	has	 traditionally	been	a	 surgical	 tech-
nique	performed	in	the	operating	room.	However,	a	percuta-
neous	 dilatational	 tracheostomy	 (PDT)	 procedure	 may	 be	
performed	safely	at	the	bedside	by	a	trained	physician.17	The	
PDT	is	performed	by	making	a	small	incision	into	the	ante-
rior	neck	down	 to	 the	 trachea.	Once	 this	 location	has	been	
reached,	 the	 physician	 inserts	 a	 needle	 and	 sheath	 into	 the	
trachea.	 The	 needle	 is	 removed,	 and	 a	 guidewire	 is	 passed	
through	 the	 sheath.	 Progressively	 larger	 dilators	 are	 intro-
duced	 over	 the	 guidewire	 until	 the	 patient’s	 stoma	 is	 large	
enough	to	accommodate	a	tracheostomy	tube.17,18

Collaboratively,	the	nurse	and	RT	assist	in	the	PDT	proce-
dure.	 Before	 the	 procedure,	 the	 nurse	 ensures	 that	 intrave-
nous	 access	 lines	 are	 accessible	 for	 administration	 of	 seda-
tives	 and	 analgesic	 medications.	 The	 patient	 is	 properly	
positioned,	and	the	height	of	 the	bed	 is	adjusted	relative	 to	
the	individual	performing	the	procedure.	Sterile	supplies	are	
gathered,	 and	 sterility	 is	 maintained	 throughout	 the	 proce-
dure.	 Physiological	 parameters	 are	 monitored	 continuously	
and	 documented	 at	 least	 every	 15	 minutes	 throughout	 the	
PDT,	and	for	a	least	an	hour	after	the	procedure.51

The	most	significant	postprocedure	complication	of	PDT	
is	 accidental	 decannulation.	 When	 a	 patient	 undergoes	 a	
surgical	 tracheostomy,	 the	 trachea	 is	 surgically	 attached	 to	
the	 skin.	 This	 promotes	 prompt	 identification	 of	 the	 tract	
and	 reinsertion	 of	 the	 tracheal	 tube	 should	 it	 become	 dis-
lodged.	With	a	PDT,	the	trachea	is	not	secured	in	this	way,	
and	a	mature	tract	takes	approximately	2	weeks	to	form.	Ac-
cidental	 decannulation	 and	 attempted	 reinsertion	 of	 the	
airway	during	this	time	may	result	in	difficulty	securing	the	
airway,	bleeding,	tracheal	injury,	and	death.	Oral	intubation	
may	be	required	if	the	airway	becomes	dislodged	or	needs	to	
be	replaced.51
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Tracheostomy Tube Designs
Tracheostomy	tubes	come	in	a	variety	of	sizes	and	styles,	and	
are	primarily	made	of	plastic.	Design	features	are	shown	in	
Figure	9-21.	The	flange	lies	against	the	patient’s	neck	and	has	
an	opening	on	both	ends	for	the	placement	of	tracheostomy	
ties	for	securing	the	airway.	Similar	to	the	ETT,	some	trache-
ostomy	tubes	have	a	distal	cuff	and	pilot	balloon.	An	impor-
tant	part	of	the	tracheostomy	system	is	the	obturator,	which	
is	 inserted	 into	 the	 trachea	 tube	 during	 insertion.	 The	
rounded	end	of	the	obturator	extends	just	beyond	the	end	of	
the	tracheostomy	tube	and	creates	a	smooth	tip,	allowing	for	
easy	 entry	 into	 the	 stoma.	 The	 obturator	 is	 removed	 after	
tube	insertion	to	allow	for	air	passage	through	the	trachea.	It	
must	be	kept	in	a	visible	location	in	the	patient’s	room	should	
emergency	 reinsertion	 of	 a	 misplaced	 tube	 be	 necessary.	 In	
this	situation	the	obturator	is	inserted	into	the	tracheostomy	
to	create	a	rounded,	smooth	end	promoting	reentry	into	the	
stoma	without	tissue	injury.51

Cuffed versus uncuffed tracheostomy tubes.	Critically	 ill	
patients	 who	 need	 mechanical	 ventilation	 require	 cuffed	
tubes	to	ensure	delivery	of	ventilation	and	prevent	aspiration.	
The	 cuff	 may	 be	 a	 conventional	 low-pressure,	 high-volume	
type,	or	it	may	be	constructed	of	foam.	The	foam-cuff	tube	
may	prevent	trauma	to	the	airway	because	of	the	low	pressure	
exerted	 to	 the	airway,	and	 it	 is	 sometimes	used	 for	patients	
who	 have	 difficulty	 maintaining	 a	 good	 seal	 with	 conven-
tional	 cuffed	 tracheostomy	 tubes.	 Many	 other	 types	 of	 tra-
cheostomy	 tubes	 are	 available.58,60,66	 An	 uncuffed	 tracheos-
tomy	 tube	 is	 used	 for	 long-term	 airway	 management	 in	 a	
patient	who	does	not	require	mechanical	ventilation	and	is	at	
low	risk	of	aspiration.	For	example,	a	patient	with	a	neuro-
logical	 injury	 may	 require	 a	 tracheostomy	 for	 airway	 man-
agement	 and	 secretion	 removal.	 Metal	 tracheostomy	 tubes	
are	uncuffed.63

Single- versus double-cannula tracheostomy tubes.	Trache-
ostomy	tubes	may	have	one	or	two	cannulas.	A	single-cannula	

FIGURE 9-20 Two methods for securing the endotracheal tube: tape (A) and harness device
(B).Harnessdeviceshown is theSecureEasyEndotrachealTubeHolder.Nonelasticheadgear
reducestheriskofself-extubation.Asoftbiteblockpreventstubeocclusion.(BReprintedwith
permission, Cleveland Clinic Center for Medical Art & Photography © 2011-2012. All rights
reserved.)
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tube	does	not	have	an	inner	cannula,	whereas	a	double-cannula	
tube	has	both	an	inner	and	outer	cannula.	The	inner	cannula	is	
removable	to	facilitate	cleaning	of	the	inner	lumen	and	to	pre-
vent	tube	occlusion	from	accumulated	secretions.	Inner	cannu-
las	 can	 be	 reusable	 or	 disposable.	 Cuffed	 tracheostomy	 tubes	
with	disposable	inner	cannulas	are	commonplace	in	the	critical	
care	unit.

Fenestrated tracheostomy tube.	 The	 fenestrated	 trache-
ostomy	tube	has	a	hole	in	the	outer	cannula	that	allows	air	
to	flow	above	 the	 larynx.	The	 tube	 functions	as	a	 standard	
tracheostomy	tube	when	the	inner	cannula	is	in	place.	When	
the	inner	cannula	is	removed,	the	fenestrated	tracheostomy	
tube	assists	in	weaning	a	patient	from	the	tracheostomy	by	
gradually	allowing	the	patient	to	breathe	through	the	natural	
upper	airway.	The	fenestrated	tube	also	allows	the	patient	to	
emit	 vocal	 sounds,	 thereby	 facilitating	 communication.60,66	
To	use	a	cuffed	fenestrated	tracheostomy	tube	for	speaking	
or	to	promote	breathing	through	the	natural	airway,	the	in-
ner	cannula	is	carefully	removed	and	the	cuff	is	deflated.	The	
inner	cannula	must	be	reinserted	and	the	cuff	reinflated	for	
eating,	 suctioning,	mechanical	ventilation,	or	use	of	a	bag-
valve	device.51

Speaking tracheostomy valves.	One-way	speaking	valves	
are	available	to	allow	patients	with	a	tracheostomy	an	oppor-
tunity	 to	 speak.	Although	 these	 valves	 can	 be	 used	 in	 both	
ventilated	and	nonventilated	patients,	they	can	be	used	only	
in	patients	 capable	of	 initiating	and	maintaining	 spontane-
ous	 ventilation.60	 Examples	 of	 these	 adjunctive	 devices	 in-
clude	the	Passy-Muir	Valve	(Passy-Muir,	Inc.,	Irvine,	CA)	and	
the	Shiley	Phonate	Speaking	Valve	(Covidien,	Boulder,	CO).	
For	 the	 speaking	 valve	 to	 work	 correctly,	 the	 valve	 is	 con-
nected	 to	 the	 tracheostomy	 tube,	 the	 cuff	 on	 the	 tracheos-
tomy	 tube	 is	deflated,	and	 the	patient	 is	allowed	 to	breathe	
and	 exhale	 through	 the	 natural	 airway.	 The	 valve	 itself	 is	 a	
one-way	device	allowing	gas	to	enter	through	it	into	the	tra-
cheostomy	tube	and	to	the	patient.	Because	this	is	a	one-way	
valve,	exhaled	gas	exits	the	trachea	via	the	natural	airway,	past	
the	deflated	cuff	of	 the	 tracheostomy	tube	and	through	the	
vocal	cords.58

If	a	speaking	valve	is	used	in	conjunction	with	mechani-
cal	ventilation,	it	must	be	used	with	a	tracheostomy	tube,	not	
an	ETT.	The	delivered	tidal	volume	(VT)	must	be	increased	
to	 ensure	 an	 adequate	 volume	 to	 ventilate	 the	 patient	 be-
cause	 a	 portion	 of	 the	 delivered	VT	 is	 lost	 via	 the	 deflated	
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FIGURE 9-21 A, General design features of the tracheostomy tube. B,Trach tube in place.
C,Fenestrated tracheostomytube (see text fordescription).D,Fomecuff tracheostomytube.
(FromLewisSL,DirksonSR,HeitkemperMM,etal.Medical-Surgical Nursing.8thed.St.Louis:
Mosby;2011.)
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• Suctiononlyasindicatedbypatientassessment.
• Choosetheproper-sizedevice.Thediameterofthesuction

catheter should be no more than half the diameter of the
artificialairway.

• Assembleequipment:suctionkitwithtwoglovesorclosed
suctionsystem(CSS),sterilewaterorsalineforrinsingthe
catheter.TheCSSisattachedtotheventilatorcircuit,usually
byarespiratorytherapist.

• Setthesuctionregulatorat80to120mmHg.
• Usesteriletechniqueforsuctioning.
• Hyperoxygenatethepatientviatheventilatorcircuitbefore,

between,andaftersuctioning.
• Gently insertsuctioncatheteruntil resistance ismet, then

pullback1cm.
• Suction thepatientno longer than10 to15secondswhile

applyingintermittentorconstantsuction.
• Repeatendotrachealsuctioninguntiltheairwayisclear.
• Rinsethecatheterwithsterilesalineafterendotrachealsuc-

tioningisperformed.
• Suctionthemouthandoropharynxwiththesingle-usesuc-

tioncatheter,suctionswabs,oratonsilsuctiondevice.
• Auscultatethelungstoassesseffectivenessofsuctioning,

anddocumentfindings.
• Documenttheamount,color,andconsistencyofsecretions.

• Steps specific to closed suctioning(inadditiontothosejust
noted):
• Usingthedominanthand,insertthesuctioncatheterinto

theairwayuntilresistanceismet.Simultaneously,usethe
nondominanthandtostabilizetheartificialairway.

• Withdrawthesuctioncatheterwhiledepressingthesuc-
tionvalve;becareful tonotangle thewristof thehand
while withdrawing the catheter, because kinking of the
catheterandlossofsuctionmayoccur.

• Ensure thatCSScatheter is completelywithdrawn from
the airway.A marking is visible on the suction catheter
whenitisproperlywithdrawn.

• Rinse thecatheter after theprocedure.Connecta small
vial or syringe of normal saline for tracheal instillation
(withoutpreservatives)totheirrigationport,andsimulta-
neouslyinstillthesalineintotheportwhiledepressingthe
suctioncontrol.

• KeeptheCSSsuctioncatheteroutofthepatient’sreach
toavoidaccidentalself-extubation.

tracheostomy	cuff.51	While	the	valve	is	in	place,	the	patient	is	
carefully	 assessed	 for	 respiratory	 stability	 and	 tolerance.	
Monitoring	 includes	 measurements	 of	 the	 patient’s	 SpO2,	
heart	 rate,	RR,	and	blood	pressure;	observations	about	 the	
patient’s	anxiety	level	and	perception	of	the	experience;	and	
assessment	of	the	patient’s	WOB.	Management	of	secretions	
is	another	important	nursing	intervention.5

Endotracheal Suctioning
Patients	with	an	artificial	airway	need	to	be	suctioned	to	en-
sure	airway	patency	because	the	normal	protective	ability	to	
cough	 and	 expel	 secretions	 is	 impaired.	 Suctioning	 is	 per-
formed	according	to	a	standard	procedure	to	prevent	compli-
cations	 such	 as	 hypoxemia,	 airway	 trauma,	 infection,	 and	
increased	 intracranial	pressure	 in	patients	with	head	 injury.	
Suctioning	also	stimulates	the	cough	reflex	and	promotes	the	
mobilization	and	removal	of	secretions.

Because	suctioning	is	associated	with	complications,	 it	 is	
performed	only	as	indicated	by	physical	assessment	and	not	
according	to	a	predetermined	schedule.	Indications	for	endo-
tracheal	 suctioning	 include	 visible	 secretions	 in	 the	 tube,	
frequent	coughing,	presence	of	rhonchi,	oxygen	desaturation,	
a	change	in	vital	signs	(e.g.,	increased	or	decreased	heart	rate	
or	 RR),	 dyspnea,	 restlessness,	 increased	 peak	 inspiratory	
pressure	 (PIP),	 or	 high-pressure	 ventilator	 alarms.12,51	 The	
number	 of	 suction	 passes	 is	 usually	 one	 to	 three;	 however,	
suctioning	should	be	continued	until	secretions	are	removed.	
Suction	duration	is	limited	to	10	to	15	seconds	and	rest	peri-
ods	are	provided	between	suction	passes.

Key	 points	 related	 to	 endotracheal	 suctioning	 are	 dis-
cussed	 in	 Box	 9-7.	 Hyperoxygenation	 with	 100%	 oxygen	
should	be	performed	for	30	seconds	before	suctioning,	dur-
ing	the	procedure,	and	immediately	after	suctioning.12	Most	
ventilators	have	a	built-in	suction	mode	 that	delivers	100%	
oxygen	 for	 a	 short	 period	 (e.g.,	 2	 minutes).	 Hyperoxygen-
ation	can	also	be	administered	with	a	bag-valve	device.	If	the	
patient	 does	 not	 tolerate	 suctioning	 with	 hyperoxygenation	
alone,	 hyperinflation	 may	 be	 used.	 Hyperinflation	 involves	
the	 delivery	 of	 breaths	 1.0	 to	 1.5	 times	 the	 VT	 and	 is	 per-
formed	by	giving	the	patient	three	to	five	breaths	before	and	
between	 suctioning	 attempts	 using	 either	 the	 ventilator	 or	
bag-valve	device.12

The	 closed	 tracheal,	 or	 in-line,	 suction	 catheter	 is	 an	
alternative	 to	 the	 single	 use	 suction	 catheter.	 The	 closed	
tracheal	 suction	 system	 consists	 of	 a	 suction	 catheter	 en-
closed	 in	 a	 plastic	 sheath	 that	 is	 attached	 to	 the	 patient’s	
ventilator	 circuit	 and	 airway	 (Figure	 9-22).	 The	 device	
assists	 in	 maintaining	 oxygenation	 during	 suctioning,	 re-
duces	 symptoms	 associated	 with	 hypoxemia,	 maintains	
positive	end-expiratory	pressure	(PEEP),	and	protects	staff	
from	 the	 patient’s	 secretions;	 the	 data	 are	 inconsistent		
regarding	its	cost-effectiveness.19,34	Depending	on	the	insti-
tution,	closed	suctioning	may	be	used	on	all	ventilated	pa-
tients;	or	it	may	be	used	for	specific	indications,	such	as	for	
clinically	 unstable	 patients	 receiving	 high	 levels	 of	 PEEP,	
and	for	those	requiring	frequent	suctioning.45,63

Saline	 instillation	 into	 the	 trachea	 during	 suctioning	
should	not	be	routinely	performed.52	Although	use	of	saline	

BOX 9-7   KEY POINTS FOR ENDOTRACHEAL SUCTIONING
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was	a	common	practice	for	many	years,	saline	instillation	is	
associated	 with	 problems	 such	 as	 oxygen	 desaturation,	
washing	 organisms	 in	 the	 ETT	 into	 the	 lower	 airway,	 and	
patient	discomfort.1,10,46,55	Purported	benefits	of	 liquefying	
secretions	and	increasing	volume	of	secretions	removed	are	
not	 proven.	 Adequate	 patient	 hydration	 and	 airway	 hu-
midification,	rather	than	saline	instillation,	facilitate	secre-
tion	removal.

MECHANICAL VENTILATION
The	 purpose	 of	 mechanical	 ventilation	 is	 to	 support	 the		
respiratory	system	until	 the	underlying	cause	of	respiratory	
failure	can	be	corrected.	Most	ventilatory	support	requires	an	
artificial	airway;	however,	it	may	be	applied	without	an	arti-
ficial	airway	and	is	called	noninvasive	ventilation.

Indications
Mechanical	 ventilation	 is	 warranted	 for	 patients	 with	 acute	
respiratory	failure	who	are	unable	to	maintain	adequate	gas	
exchange	 as	 reflected	 in	 the	 ABGs.	 A	 clinical	 definition	 of	
respiratory	failure	is	as	follows:
•	 PaO2	 #60	 mm	 Hg	 on	 a	 FiO2	 greater	 than	 0.5	 (oxygen-

ation)
•	 PaCO2	$50	 mm	 Hg,	 with	 a	 pH	 of	 7.25	 or	 less	 (ventila-

tion)35,53

The	patient	may	also	demonstrate	progressive	physiological	
deterioration	 such	 as	 rapid,	 shallow	 breathing	 and	 an	 in-
crease	in	the	WOB	as	evidenced	by	increased	use	of	the	acces-
sory	muscles	of	ventilation,	abnormal	breathing	patterns,	and	
complaints	of	dyspnea.	As	lifesaving	therapy,	the	purpose	of	
mechanical	 ventilation	 is	 to	 support	 the	 respiratory	 system	
while	a	treatment	plan	is	instituted	to	correct	the	underlying	
abnormality.35,51,52

Positive-Pressure Ventilation
In	 the	 critical	 care	 setting,	 most	 patients	 are	 treated	 with	
positive-pressure	 ventilation.	 This	 method	 uses	 positive	

pressure	to	force	air	into	the	lungs	via	an	artificial	airway,	as	
illustrated	in	Figure	9-23.	Movement	of	gases	into	the	lungs	
through	the	use	of	positive	pressure	is	the	opposite	of	spon-
taneous	 breathing.	 Spontaneous	 ventilation	 begins	 when	
energy	 is	 expended	 to	 contract	 the	 muscles	 of	 respiration.	
This	enlarges	the	thoracic	cavity,	increases	negative	pressure	
within	 the	 chest	 and	 lungs,	 and	 results	 in	 the	 flow	 of	 air,		
at	atmospheric	pressure,	into	the	lungs.	If	mechanical	venti-
lators	 could	 mimic	 the	 intrathoracic	 pressures	 present		
during	spontaneous	ventilation,	it	would	be	ideal.	Negative-
pressure	 ventilators,	 which	 originated	 with	 the	 iron	 lung,	
perform	 in	 this	 manner;	 however,	 these	 ventilators	 are	 for	
management	of	chronic	conditions.	Many	of	the	complica-
tions	of	mechanical	ventilation	are	related	to	air	being	forced	
into	the	lungs	under	positive	pressure.

Ventilator Settings
In	most	institutions	in	the	United	States	and	Canada,	venti-
lators	 are	 set	 up	 and	 managed	 by	 RTs.	 However,	 the	 nurse	
must	be	familiar	with	selected	values	on	the	control	panel	or	
graphic	 interface	 unit	 to	 assess	 ventilator	 settings,	 patient	
response	 to	 ventilation,	 and	 alarms.	 Representative	 control	
panels	and	screens	of	ventilators	are	shown	in	Figure	9-24.	
Although	the	control	panel	of	a	microprocessor	type	of	ven-
tilator	 can	 appear	 overwhelming,	 it	 is	 important	 for	 the	
nurse	 to	 learn	 to	 identify	 the	 common	 screen	 views	 that	
provide	the	settings	and	patient	data	that	are	integral	to	pa-
tient	assessment.	The	nurse	must	know	the	basic	ventilator	
settings	of	mode	of	ventilation,	FiO2,	VT,	set	RR	rate,	PEEP,	
and	pressure	support.	Additional	settings	of	inspiratory-to-
expiratory	(I:E)	ratio,	sensitivity,	and	sigh	are	also	discussed	
to	provide	a	basis	for	the	nurse	to	knowledgeably	communi-
cate	with	the	RT	and	provider.51
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FIGURE 9-22 Closed tracheal suction device. (Reprinted
with permission, Cleveland Clinic Center for MedicalArt &
Photography©2011-2012.Allrightsreserved.)

FIGURE 9-23 Conceptofpositive-pressureventilation.

Gas is delivered at
pressures above

atmospheric pressure

Positive
pressure

�

�

�

�



CHAPTER 9 Ventilatory Assistance 195

Fraction of Inspired Oxygen
The	 FiO2	 is	 set	 from	 0.21	 (21%	 or	 room	 air)	 to	 1.00	
(100%	 oxygen).	 The	 initial	 FiO2	 setting	 is	 based	 on	 the	
patient’s	 immediate	 physiological	 needs	 and	 should	 be	 set	
to	whatever	is	necessary	to	maintain	a	PaO2	between	60	and	
100	mm	Hg	and/or	a	SpO2	of	at least 90%.	After	the	patient	
is	stabilized,	the	setting	is	adjusted	based	on	ABG	or	pulse	
oximetry	values.

Tidal Volume
The	amount	of	air	delivered	with	each	preset	breath	is	the	VT.	
The	VT	is	dictated	by	body	weight	and	by	the	patient’s	lung	
characteristics	 (compliance	 and	 resistance),	 and	 it	 is	 set	 to	
ensure	that	excessive	stretch	and	pressure	on	the	lung	tissue	
is	avoided.	A	starting	point	for	the	VT	setting	is	6	to	8	mL/kg	
of	ideal	body	weight	with	the	lowest	value	recommended	in	
patients	 with	 obstructive	 airway	 disease	 or	ARDS.7,31,35	 The	
parameters	monitored	to	avoid	excessive	pressure	are	the	PIP	
and	plateau	airway	pressure	(Pplat).	These	pressures	should	
remain	below	40	cm	H2O	and	30	cm	H2O,	respectively.7	The	
VT	setting	can	be	reduced	if	the	resulting	airway	pressures	are	
nearing	the	maximum.	Conversely,	if	the	airway	pressures	are	
acceptable	and	a	larger	VT	is	needed	to	remove	CO2,	it	can	be	
increased.	When	choosing	and	adjusting	 the	VT	 setting,	 the	
goal	is	to	achieve	the	lowest	Pplat	while	maintaining	gas	ex-
change	and	patient	comfort.

Respiratory Rate
The	RR	is	the	frequency	of	breaths	(f)	set	to	be	delivered	by	
the	 ventilator.	 The	 RR	 is	 set	 as	 near	 to	 physiological	 rates		
(14	to	20	breaths	per	minute)	as	possible.	Frequent	changes	
in	 the	 RR	 are	 often	 required	 based	 on	 observation	 of	 the	
patient’s	WOB	 and	 comfort,	 and	 assessment	 of	 the	 PaCO2	
and	pH.	During	 initiation	of	mechanical	ventilation,	many	
patients	 require	 full	 ventilatory	 support.	 The	 RR	 at	 this		
time	 is	selected	on	the	basis	of	 the	VT,	 to	achieve	a	minute	
ventilation	 (VE)	 that	 maintains	 an	 acceptable	 acid-base		
status	(VE	5	RR	3	VT).	As	the	patient	becomes	capable	of	
participating	 in	 the	 ventilatory	 work,	 the	 ventilator	 RR	 is	
decreased,	or	the	mode	of	ventilation	is	changed,	to	encour-
age	more	spontaneous	breathing.

Inspiratory-to-Expiratory Ratio
The	I:E	ratio	is	the	duration	of	inspiration	in	comparison	
with	expiration.	In	spontaneous	ventilation,	inspiration	is	
shorter	 than	 expiration.	 When	 a	 patient	 undergoes	 me-
chanical	 ventilation,	 the	 I:E	 ratio	 is	 usually	 set	 at	 1:2	 to	
mimic	 this	 pattern	 of	 spontaneous	 ventilation;	 that	 is,	
33%	 of	 the	 respiratory	 cycle	 is	 spent	 in	 inspiration	 and	
66%	 in	 the	 expiratory	 phase.	 Longer	 expiratory	 times,		
I:E	 ratio	 of	 1:3	 or	 1:4,	 may	 be	 needed	 in	 patients	 with	
COPD	to	promote	more	complete	exhalation	and	reduce	
air	trapping.35,51,53

FIGURE 9-24 Examplesofmechanicalventilatorsandtheircontrolpanelsandgraphicinterface
unit(GIU).A,DrägerEvitaXL.B,PuritanBennett840VentilatorGIU.(ACopyrightDrägerwerkAG
&Co.KGa,Lubeck.Allrightsreserved.BImageusedbypermissionfromNellcorPuritanBennett
LLC,Boulder,Colorado,doingbusinessasCovidien.)
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Inverse Inspiratory-to-Expiratory Ratio
Inspiratory-to-expiratory	(I:E)	ratios	such	as	1:1,	2:1,	and	3:1	
are	 called	 inverse	 I:E	 ratios.	 An	 inverse	 I:E	 ratio	 is	 used	 to	
improve	 oxygenation	 in	 patients	 with	 noncompliant	 lungs,	
such	as	in	ARDS.	During	the	traditional	I:E	ratio	of	1:2,	al-
veoli	in	noncompliant	lungs	may	not	have	sufficient	time	to	
reopen	 during	 the	 shorter	 inspiratory	 phase,	 and	 may	 col-
lapse	during	the	longer	expiratory	phase.	An	inverse	I:E	ratio	
allows	 unstable	 alveoli	 time	 to	 fill	 and	 prevents	 them	 from	
collapsing,	because	the	next	inspiration	begins	before	the	al-
veoli	reach	a	volume	where	they	can	collapse.35,51

Positive End-Expiratory Pressure
PEEP	 is	 the	 addition	 of	 positive	 pressure	 into	 the	 airways	
during	expiration.	PEEP	is	measured	in	cm	H2O.	Typical	set-
tings	 for	 PEEP	 are	 5	 to	 20	 cm	 H2O,	 although	 higher	 levels	
may	be	used	to	treat	refractory	hypoxemia.	Because	positive	
pressure	is	applied	at	end	expiration,	the	airways	and	alveoli	
are	 held	 open,	 and	 oxygenation	 improves.	 PEEP	 increases	
oxygenation	 by	 preventing	 collapse	 of	 small	 airways	 and	
maximizing	the	number	of	alveoli	available	for	gas	exchange	
(Figure	 9-25).	 By	 recruiting	 more	 alveoli	 for	 gas	 exchange	
and	by	holding	them	open	during	expiration,	the	functional	
residual	capacity	improves,	resulting	in	better	oxygenation.

Many	 mechanically	 ventilated	 patients	 routinely	 receive		
3	to	5	cm	H2O	of	PEEP,	a	value	often	referred	to	as	physiolog-
ical PEEP.	This	 small	amount	of	PEEP	 is	 thought	 to	mimic	
the	normal	“back	pressure”	created	 in	 the	 lungs	by	 the	epi-
glottis	in	the	spontaneously	breathing	patient	that	is	removed	
by	the	displacement	of	the	epiglottis	by	the	artificial	airway.

PEEP	is	often	added	to	decrease	a	high	FiO2	that	may	be	
required	 to	 achieve	 adequate	 oxygenation.	 For	 example,	 a	
patient	 may	 require	 a	 FiO2	 of	 0.80	 to	 maintain	 a	 PaO2	 of	
85	mm	Hg.	By	adding	PEEP,	 it	may	be	possible	 to	decrease	
the	FiO2	to	a	level	where	oxygen	toxicity	in	the	lung	is	not	a	
concern	(,0.5)	while	maintaining	an	adequate	PaO2.53	The	
nurse	monitors	the	PEEP	level	by	observing	the	pressure	level	
displayed	 on	 the	 ventilator’s	 analog	 and	 graphic	 displays.	
When	 no	 PEEP	 is	 set,	 the	 pressure	 reading	 on	 the	 graphic	
display	 should	 be	 zero	 at	 end	 expiration.	 When	 PEEP	 is		

applied,	 the	pressure	reading	does	not	return	to	zero	at	 the	
end	of	the	breath,	and	the	display	shows	the	amount	of	PEEP.

Although	PEEP	is	often	essential	for	treatment,	it	is	associ-
ated	 with	 adverse	 effects.	 Problems	 related	 to	 PEEP	 occur		
as	 a	 result	 of	 the	 increase	 in	 intrathoracic	 pressure.	 These	
problems	include	a	decrease	in	cardiac	output	secondary	to	
decreased	 venous	 return,	 volutrauma	 or	 barotrauma,	 and	
increased	intracranial	pressure	resulting	from	impedance	of	
venous	return	from	the	head,	Whenever	the	level	of	PEEP	is	
increased,	 the	 nurse	 should	 evaluate	 the	 patient’s	 hemody-
namic	response	through	physical	assessment	and	by	available	
hemodynamic	parameters.	Management	of	decreased	cardiac	
output	secondary	to	PEEP	includes	ensuring	the	patient	has	
adequate	 intravascular	volume	(preload)	and	administering	
fluids	as	needed.	If	the	cardiac	output	remains	inadequate,	an	
inotropic	 agent	 such	 as	 dobutamine	 should	 be	 considered.	
Optimal	PEEP	is	defined	as	the	amount	of	PEEP	that	affords	
the	 best	 oxygenation	 without	 resulting	 in	 adverse	 hemody-
namic	effects	or	pulmonary	injury.35,51

Auto-PEEP.	 Auto-PEEP	 is	 the	 spontaneous	 development	
of	 PEEP	 caused	 by	 gas	 trapping	 in	 the	 lung	 resulting	 from	
insufficient	expiratory	time	and	incomplete	exhalation.	These	
trapped	 gases	 create	 positive	 pressure	 in	 the	 lung.	 Both	 set	
PEEP	 and	 auto-PEEP	 have	 the	 same	 physiological	 effects;	
therefore	it	is	important	to	know	when	auto-PEEP	is	present	
so	it	can	be	managed	properly.35,51,53

Causes	 of	 auto-PEEP	 formation	 include	 rapid	 RR,	 high	
VE	demand,	airflow	obstruction,	and	inverse	I:E	ratio	venti-
lation.	Auto-PEEP	cannot	be	detected	by	the	ventilator	pres-
sure	manometer	until	a	special	maneuver	is	performed.	This	
maneuver	 involves	 instituting	 a	 2-second	 end-expiratory	
pause,	which	allows	the	ventilator	to	read	the	pressure	deep	
in	 the	 lung.	The	airway	pressure	manometer	reading	 there-
fore	reflects	total	PEEP,	which	is	the	set	PEEP	and	auto-PEEP	
added	 together.	To	determine	auto-PEEP,	 the	 following	cal-
culation	is	performed:

Auto-PEEP5TotalPEEP2SetPEEP

Sensitivity
Sensitivity	determines	the	amount	of	patient	effort	needed	to	
initiate	gas	flow	through	the	circuitry	on	a	patient-initiated	
breath.	The	sensitivity	is	set	so	that	the	ventilator	is	“sensitive”	
to	 the	 patient’s	 effort	 to	 inspire.	 If	 the	 sensitivity	 is	 set	 too	
low,	the	patient	must	generate	more	work	to	trigger	gas	flow.	
If	it	is	set	too	high,	auto-cycling	of	the	ventilator	may	occur,	
resulting	in	patient-ventilator	dyssynchrony,	because	the	ven-
tilator	 cycles	 into	 the	 inspiratory	 phase	when	 the	patient	 is	
not	ready	for	a	breath.51,53

Patient Data
The	nurse	and	RT	ensure	that	the	ventilator	settings	are	con-
sistent	 with	 the	 physician’s	 orders.	 The	 ventilator	 control	
panel	or	graphic	interface	unit	also	provides	valuable	infor-
mation	regarding	the	patient’s	response	to	mechanical	ven-
tilation.	 These	 patient	 data	 include	 exhaled	 tidal	 volume	
(EVT),	PIP,	and	total	RR.

FIGURE 9-25 Effectofapplicationofpositiveend-expiratory
pressure (PEEP) on the alveoli. (Modified from Pierce
LNB. Management of the Mechanically Ventilated Patient.
Philadelphia:Saunders;2007.)
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Exhaled Tidal Volume
The	EVT	is	the	amount	of	gas	that	comes	out	of	the	patient’s	
lungs	on	exhalation.	The	EVT	is	not	a	ventilator	setting.	It	is	
considered	patient	data	that	 indicates	the	patient’s	response	
to	mechanical	ventilation.	This	is	the	most	accurate	measure	
of	the	volume	received	by	the	patient	and	therefore	is	moni-
tored	at	least	every	4	hours	and	more	often	as	indicated.	Al-
though	 the	 prescribed	 VT	 is	 set	 on	 the	 ventilator	 control	
panel,	it	is	not	guaranteed	to	be	delivered	to	the	patient.	Vol-
ume	 may	 be	 lost	 because	 of	 leaks	 in	 the	 ventilator	 circuit,	
around	the	cuff	of	the	airway,	or	via	a	chest	tube	if	there	is	a	
pleural	air	leak.50	The	volume	actually	received	by	the	patient,	
regardless	 of	 mode	 of	 ventilation,	 must	 be	 confirmed	 by	
monitoring	the	EVT	on	the	display	panel	of	the	ventilator.	If	
the	EVT	deviates	from	the	set	VT	by	50	mL	or	more,	the	nurse	
and	RT	must	troubleshoot	the	system	to	identify	the	source	
of	gas	loss.50

Peak Inspiratory Pressure
The	PIP	is	the	maximum	pressure	that	occurs	during	inspira-
tion.	The	amount	of	pressure	necessary	 to	ventilate	 the	pa-
tient	 increases	 with	 increased	 airway	 resistance	 (e.g.,	 secre-
tions	 in	 the	 airway,	 bronchospasm,	 biting	 the	 ETT)	 and	
decreased	lung	compliance	(e.g.,	pulmonary	edema,	worsen-
ing	infiltrate	or	ARDS,	pleural	space	disease).	The	PIP	should	
never	 be	 allowed	 to	 rise	 above	 40	 cm	 H2O,	 because	 higher	
pressures	can	result	in	ventilator-induced	lung	injury.7,62

The	nurse	should	monitor	and	record	the	PIP	at	least	ev-
ery	 4	 hours	 and	 with	 any	 change	 in	 patient	 condition	 that	
could	 increase	 airway	 resistance	 or	 decrease	 compliance.50	
Increasing	PIP	or	values	greater	than	40	cm	H2O	should	be	
immediately	reported	so	that	interventions	can	be	ordered	to	
improve	lung	function,	ventilator	settings	can	be	adjusted	to	
reduce	the	inspiratory	pressure,	or	both.

Total Respiratory Rate
The	total	RR	equals	the	number	of	breaths	delivered	by	the	
ventilator	(set	rate)	plus	the	number	of	breaths	 initiated	by	
the	 patient.	 Assessing	 the	 total	 RR	 provides	 data	 regarding	
the	patient’s	contribution	to	the	WOB,	or	whether	the	venti-
lator	is	performing	all	of	the	work.	It	also	provides	an	assess-
ment	of	the	ability	of	the	set	RR	and	VT	to	meet	VE	demands.	
The	total	RR	is	a	very	sensitive	indicator	of	overall	respiratory	
stability.50	For	example,	if	the	patient	is	on	assist/control	ven-
tilation	at	a	set	RR	of	10	breaths	per	minute,	and	the	total	RR	
for	1	minute	is	16,	the	patient	is	initiating	6	breaths	above	the	
set	rate	of	10.	If	the	patient	is	on	synchronized	intermittent	
mandatory	ventilation	at	 a	 set	RR	of	8	breaths	per	minute,	
and	the	total	RR	is	12	breaths	per	minute	with	good	sponta-
neous	VT	for	body	weight,	the	patient	is	tolerating	the	mode	
of	ventilation.	If	the	patient’s	total	RR	increases	to	26	breaths	
per	minute,	this	finding	indicates	that	something	has	changed	
and	 the	patient	needs	 to	be	 reassessed	 for	causes	of	 the	 in-
creased	 rate,	 such	 as	 fatigue,	 pain,	 or	 anxiety.	 Treatment	 is	
based	on	the	identified	cause.

Modes of Mechanical Ventilation
Modes	 of	 mechanical	 ventilation	 describe	 how	 breaths	 are	
delivered	to	the	patient.	Modes	of	ventilation	are	classified	as	
volume,	pressure,	or	dual	modes.	This	classification	is	based	
on	the	variable	that	the	ventilator	maintains	at	a	preset	value	
during	inspiration.50	In	a	volume	mode	of	ventilation,	the	set	
VT	 is	maintained	during	 inspiration.	 In	a	pressure	mode	of	
ventilation,	pressure	is	set	and	does	not	vary	throughout	in-
spiration.	An	understanding	of	the	basic	volume	and	pressure	
modes	 of	 ventilation	 provides	 a	 solid	 foundation	 for	 the	
nurse	to	learn	the	dual	modes.

Volume Ventilation
In	volume	ventilation,	VT	is	constant	for	every	breath	deliv-
ered	 by	 the	 ventilator.	 The	 ventilator	 is	 set	 to	 allow	 airflow	
into	the	lungs	until	a	preset	volume	has	been	reached.	A	ma-
jor	advantage	of	this	mode	is	that	the	VT	is	delivered,	regard-
less	of	changes	in	lung	compliance	or	resistance.	However,	the	
PIP	varies	in	this	mode,	depending	on	compliance	and	resis-
tance.	Assist/control	(A/C;	Figure	9-26,	A)	and	synchronized	
intermittent	 mandatory	 ventilation	 (SIMV;	 Figure	 9-26,	 B)	
are	modes	of	volume	ventilation.

Assist/control ventilation.	 The	 volume	 A/C	 (V–A/C)	
mode	of	ventilation	delivers	a	preset	number	of	breaths	of	a	
preset	 VT.	 The	 patient	 may	 trigger	 additional	 spontaneous	
breaths	 between	 the	 ventilator-initiated	 breaths.	 When	 the	
patient	 initiates	 a	 breath	 by	 exerting	 a	 negative	 inspiratory	
effort,	the	ventilator	delivers	an	assisted	breath	of	the	preset	
VT.	The	VT	of	the	assisted	breaths	is	constant	for	both	venti-
lator-initiated	 and	 patient-triggered	 breaths.	 The	 V–A/C	
mode	ensures	that	the	patient	receives	adequate	ventilation,	
regardless	of	spontaneous	efforts.	The	V–A/C	mode	is	indi-
cated	 when	 it	 is	 desirable	 for	 the	 ventilator	 to	 perform	 the	
bulk	of	the	WOB.	The	only	work	the	patient	must	perform	is	
the	negative	inspiratory	effort	required	to	trigger	the	ventila-
tor	on	the	patient-initiated	breaths.	The	A/C	mode	is	useful	
in	a	patient	with	a	normal	respiratory	drive	but	whose	respi-
ratory	muscles	are	too	weak	or	unable	to	perform	the	WOB	
(e.g.,	patient	emerging	from	general	anesthesia	or	with	pul-
monary	 disease	 such	 as	 pneumonia).53	 A	 disadvantage	 of	
V–A/C	ventilation	is	that	respiratory	alkalosis	may	develop	if	
the	patient	hyperventilates	because	of	anxiety,	pain,	or	neu-
rological	factors.	Respiratory	alkalosis	is	treated	or	prevented	
by	providing	sedation	or	analgesia	as	needed,	or	changing	to	
SIMV.35	Another	disadvantage	is	that	the	patient	may	rely	on	
the	ventilator	and	not	attempt	to	initiate	spontaneous	breath-
ing	if	ventilatory	demands	are	met.

During	 V–A/C	 ventilation,	 the	 nurse	 monitors	 several	
parameters.	These	include	the	total	RR,	to	determine	whether	
the	patient	is	initiating	spontaneous	breaths;	the	EVT,	to	en-
sure	that	the	set	VT	is	delivered;	the	PIP,	to	determine	whether	
it	 is	 increasing	(indicating	a	change	 in	compliance	or	 resis-
tance,	 which	 needs	 to	 be	 further	 evaluated);	 the	 patient’s	
sense	 of	 comfort	 and	 synchronization	 with	 the	 ventilator;	
and	the	acid-base	status.50
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Synchronized intermittent mandatory ventilation.	 The	
volume	SIMV	mode	of	ventilation	delivers	a	set	number	of	
breaths	of	a	set	VT,	and	between	these	mandatory	breaths	the	
patient	may	initiate	spontaneous	breaths.	If	the	patient	initi-
ates	 a	 breath	 near	 the	 time	 a	 mandatory	 breath	 is	 due,	 the	
delivery	 of	 the	 mandatory	 breath	 is	 synchronized	 with	 the	
patient’s	 spontaneous	 effort	 to	 prevent	 patient-ventilator	
dyssynchrony.	 The	 volume	 of	 the	 spontaneous	 breaths	 de-
pends	on	the	patient’s	respiratory	effort.	The	main	difference	
between	 the	 SIMV	 and	V–A/C	 modes	 is	 the	 volume	 of	 the	
patient-initiated	 breaths.	 Patient-initiated	 breaths	 in	 A/C	
ventilation	result	 in	the	patient	receiving	a	set	VT.	 In	SIMV,	
the	VT	of	spontaneous	breaths	is	variable	because	it	depends	
on	patient	effort	and	lung	characteristics.50,51

The	 SIMV	 mode	 helps	 to	 prevent	 respiratory	 muscle	
weakness	associated	with	mechanical	ventilation	because	the	
patient	contributes	to	the	WOB.	SIMV	is	indicated	when	it	is	
desirable	 to	 allow	 patients	 to	 breathe	 at	 their	 own	 RR	 and	

assist	in	maintaining	a	normal	PaCO2,	or	when	hyperventila-
tion	has	occurred	in	the	V–A/C	mode.	SIMV	is	also	indicated	
for	 weaning	 patients	 from	 mechanical	 ventilation.	 As	 the	
SIMV	rate	is	lowered,	the	patient	initiates	more	spontaneous	
breaths,	assuming	a	greater	portion	of	the	ventilatory	work.	
As	 the	 patient	 demonstrates	 the	 ability	 to	 take	 on	 even		
more	WOB,	the	mandatory	breath	rate	is	decreased	accord-
ingly.	 However,	 compared	 with	 other	 weaning	 modalities,	
SIMV	 is	 associated	 with	 the	 longest	 weaning	 and	 lowest		
success	rate.5,20

During	SIMV,	the	nurse	monitors	the	total	RR	to	deter-
mine	whether	the	patient	is	initiating	spontaneous	breaths,	
and	the	patient’s	ability	to	manage	the	WOB.	If	the	total	RR	
increases,	the	VT	of	the	spontaneous	breaths	is	assessed	for	
adequacy.	An	adequate	spontaneous	VT	is	5	to	7	mL/kg	of	
ideal	body	weight.	A	rising	total	RR	may	indicate	that	the	
patient	is	beginning	to	fatigue,	resulting	in	a	more	shallow	
and	 rapid	 respiratory	 pattern.	 This	 pattern	 may	 lead	 to		
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atelectasis,	a	further	increase	in	the	WOB,	and	the	need	for	
greater	 ventilatory	 support.50,51	 The	 nurse	 monitors	 the	
EVT	 of	 both	 the	 mandatory	 and	 spontaneous	 breaths	 to	
ensure	 that	 the	 set	VT	 is	being	delivered	with	 the	manda-
tory	breaths,	and	that	the	spontaneous	VT	is	adequate.	As	in	
A/C	 ventilation,	 the	 nurse	 assesses	 the	 PIP,	 the	 patient’s	
sense	of	 comfort	and	synchronization	with	 the	ventilator,	
and	the	acid-base	status.

Pressure Ventilation
In	pressure	ventilation	the	ventilator	is	set	to	allow	air	to	flow	
into	 the	 lungs	 until	 a	 preset	 inspiratory	 pressure	 has	 been	
reached.	The	VT	the	patient	receives	is	variable	and	depends	
on	 lung	 compliance	 and	 airway	 and	 circuit	 resistance.	 Pa-
tients	with	normal	 lung	compliance	and	 low	resistance	will	
have	better	delivery	of	VT	for	the	amount	of	inspiratory	pres-
sure	set.35,50,51,53	An	advantage	of	pressure-controlled	modes	
is	that	the	PIP	can	be	reliably	controlled	for	each	breath	the	
ventilator	delivers.	A	disadvantage	is	that	hypoventilation	and	
respiratory	 acidosis	 may	 occur	 since	 delivered	 VT	 varies;	
therefore,	 the	 nurse	 must	 closely	 monitor	 EVT.51	 Pressure	
modes	include	continuous	positive	airway	pressure,	pressure	
support,	 pressure	 control,	 pressure-controlled	 inverse-ratio	
ventilation,	and	airway	pressure–release	ventilation.

Continuous positive airway pressure.	 Continuous	 posi-
tive	 airway	 pressure	 (CPAP)	 is	 positive	 pressure	 applied	
throughout	the	respiratory	cycle	to	the	spontaneously	breath-
ing	 patient	 (Figure	 9-27).	 The	 patient	 must	 have	 a	 reliable	
respiratory	 drive	 and	 adequate	 VT	 because	 no	 mandatory	
breaths	 or	 other	 ventilatory	 assistance	 is	 given.	 The	 patient	
performs	all	the	WOB.	CPAP	provides	pressure	at	end	expira-
tion,	which	prevents	alveolar	collapse	and	improves	the	func-
tional	residual	capacity	and	oxygenation.35,50	CPAP	is	identi-
cal	 to	PEEP	 in	 its	physiological	 effects.	CPAP	 is	 the	 correct	
term	 when	 the	 end-expiratory	 pressure	 is	 applied	 in	 the	
spontaneously	breathing	patient.	PEEP	 is	 the	 term	used	 for	

the	same	setting	applied	to	the	patient	 is	receiving	an	addi-
tional	form	of	respiratory	support	(e.g.,	A/C,	SIMV,	pressure	
support).	CPAP	is	indicated	as	a	mode	of	weaning,	when	the	
patient	has	adequate	ventilation	but	requires	end-expiratory	
pressure	 to	 stabilize	 the	 alveoli	 and	 maintain	 oxygenation.	
Because	the	ventilator	is	used	to	deliver	CPAP	during	wean-
ing,	the	nurse	can	monitor	the	adequacy	of	the	patient’s	EVT,	
alarms	can	be	set	to	detect	low	EVT	and	apnea,	and	mechani-
cal	breaths	can	be	delivered	in	the	event	of	apnea.51

CPAP	can	also	be	administered	via	a	nasal	or	 face	mask.	
Typically,	 a	 nasal	 CPAP	 system	 is	 used	 to	 keep	 the	 airway	
open	in	patients	with	obstructive	sleep	apnea.

Pressure support.	Pressure	support	(PS)	is	a	mode	of	ven-
tilation	in	which	the	patient’s	spontaneous	respiratory	activ-
ity	is	augmented	by	the	delivery	of	a	preset	amount	of	inspi-
ratory	 positive	 pressure.	 PS	 may	 be	 used	 as	 a	 stand-alone	
mode	 (Figure	 9-28)	 or	 in	 combination	 with	 other	 modes,	
such	as	SIMV,	to	augment	the	VT	of	the	spontaneous	breaths	
(Figure	 9-29).	 The	 positive	 pressure	 is	 applied	 throughout	
inspiration,	thereby	promoting	the	flow	of	gas	into	the	lungs,	
augmenting	the	patient’s	spontaneous	VT,	and	decreasing	the	
WOB	associated	with	breathing	through	an	artificial	airway	
and	the	ventilatory	circuit.35,50,53	Typical	levels	of	PS	ordered	
for	the	patient	are	6	to	12	cm	H2O.	The	VT	is	variable,	deter-
mined	by	patient	effort,	 the	amount	of	PS	applied,	and	the	
compliance	and	resistance	of	the	patient	and	ventilator	sys-
tem.	EVT	must	be	closely	monitored	during	PS;	if	it	is	inad-
equate,	 the	 level	of	PS	 is	 increased.	PS	may	increase	patient	
comfort	because	the	patient	has	greater	control	over	the	ini-
tiation	and	duration	of	each	breath.	PS	promotes	condition-
ing	 of	 the	 respiratory	 muscles	 since	 the	 patient	 works	
throughout	the	breath;	this	may	facilitate	weaning	from	the	
ventilator.

Pressure assist/control.	Pressure	assist/control	(P–A/C)	is	
a	mode	of	ventilation	 in	which	there	 is	a	set	RR,	and	every	
breath	is	augmented	by	a	set	amount	of	inspiratory	pressure.	
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If	the	patient	triggers	additional	breaths	beyond	the	manda-
tory	breaths,	those	breaths	are	augmented	by	the	set	amount	
of	inspiratory	pressure	(Figure	9-30).	Just	as	with	PS,	there	is	
no	set	VT.	The	VT	the	patient	receives	 is	variable	and	deter-
mined	by	the	set	inspiratory	pressure,	the	patient’s	lung	com-
pliance,	and	circuit	and	airway	resistance.	The	 typical	pres-
sure	in	P–A/C	ranges	from	15	to	25	cm	H2O,	which	is	higher	
than	a	PS	level	because	P–A/C	is	indicated	for	patients	with	
ARDS,	 or	 those	 with	 a	 high	 PIP	 during	 traditional	 volume	
ventilation.	Because	the	lungs	are	noncompliant	in	these	con-
ditions,	 higher	 inspiratory	 pressure	 levels	 are	 needed	 to	
achieve	 an	 adequate	 VT.	 P–A/C	 reduces	 the	 risk	 of	 baro-
trauma	while	maintaining	adequate	oxygenation	and	ventila-
tion.	During	P–A/C,	the	nurse	must	be	familiar	with	all	the	
ventilator	settings:	the	level	of	pressure,	the	set	RR,	the	FiO2,	

and	 the	 level	 of	 PEEP.	 The	 nurse	 monitors	 the	 total	 RR	 to	
evaluate	whether	the	patient	is	initiating	spontaneous	breaths,	
and	EVT	for	adequacy	of	volume.50

Pressure-controlled inverse-ratio ventilation.	 With	
pressure-controlled	 inverse-ratio	 ventilation	 (PC-IRV),	 the	
patient	receives	P–A/C	ventilation	as	described,	and	the	ven-
tilator	is	set	to	provide	longer	inspiratory	times.	The	I:E	ratio	
is	 inversed	to	 increase	 the	mean	airway	pressure,	open	and	
stabilize	 the	 alveoli,	 and	 improve	 oxygenation.	 PC-IRV	 is	
indicated	 for	 patients	 with	 noncompliant	 lungs	 such	 as	 in	
ARDS,	 when	 adequate	 oxygenation	 is	 not	 achieved	 despite	
high	FiO2,	PEEP,	or	positioning.	Because	the	reverse	I:E	ratio	
ventilation	 is	 uncomfortable,	 the	 patient	 must	 be	 sedated	
and	 possibly	 paralyzed	 to	 prevent	 ventilator	 dyssynchrony	
and	oxygen	desaturation.50,53
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Airway pressure–release ventilation.	 Airway	 pressure–
release	ventilation	(APRV)	is	a	mode	of	ventilation	that	pro-
vides	 two	 levels	 of	 CPAP,	 one	 during	 inspiration	 and	 the	
other	during	expiration,	while	allowing	unrestricted	sponta-
neous	 breathing	 at	 any	 point	 during	 the	 respiratory	 cycle	
(Figure	9-31).	APRV	starts	at	an	elevated	pressure,	the	CPAP	
level	or	pressure	high	(PHIGH),	followed	by	a	release	pressure,	
pressure	 low	 (PLOW).	 After	 the	 airway	 pressure	 release,	 the	
PHIGH	level	is	restored.23	The	time	spent	at	PHIGH	is	known	as	
time	high	(THIGH)	and	is	generally	prolonged,	4	to	6	seconds.	
The	 shorter	 release	 period	 (PLOW)	 is	 known	 as	 time	 low	
(TLOW)	and	 is	generally	0.5	 to	1.1	seconds.	When	observing	
the	pressure	waveform,	APRV	is	similar	to	PC-IRV;	however,	
unlike	 PC-IRV,	 the	 patient	 has	 unrestricted	 spontaneous	
breathing.	 The	 patient	 is	 more	 comfortable	 on	 APRV,	 and	

neither	deep	sedation	nor	paralysis	is	needed.	APRV	assists	in	
providing	adequate	oxygenation	while	lowering	PIP.	It	is	in-
dicated	as	an	alternative	to	V–A/C	or	P–A/C	for	patients	with	
significantly	decreased	 lung	 compliance,	 such	as	 those	with	
ARDS.26,35,50

Noninvasive Positive-Pressure Ventilation
Noninvasive	positive-pressure	ventilation	(NPPV)	is	the	de-
livery	of	mechanical	ventilation	without	an	ETT	or	tracheos-
tomy	 tube.	 NPPV	 provides	 ventilation	 via	 (1)	 a	 face	 mask	
that	covers	the	nose,	mouth,	or	both;	(2)	a	nasal	mask	or	pil-
low;	 or	 (3)	 a	 full	 face	 mask	 (Figure	 9-32).	 Complications	
associated	with	an	artificial	airway	are	reduced,	such	as	vocal	
cord	injury	and	ventilator-associated	pneumonia,	and	seda-
tion	 needs	 are	 less.	 During	 NPPV,	 the	 patient	 can	 eat	 and	
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speak,	and	is	free	from	the	discomfort	of	an	artificial	airway.	
Treatment	with	NPPV	may	prevent	the	need	for	 intubation	
in	many	patients.

NPPV	 is	 indicated	 for	 the	 treatment	 of	 acute	 exacerba-
tions	 of	 COPD,	 cardiogenic	 pulmonary	 edema	 (along	 with	
other	treatments),	early	hypoxemic	respiratory	failure	in	im-
munocompromised	patients,	and	obstructive	sleep	apnea.	It	
may	also	be	used	to	prevent	reintubation	in	a	patient	who	has	
been	extubated	but	is	having	respiratory	distress,	and	to	pro-
vide	ventilatory	support	while	an	acute	problem	is	treated	in	
patients	 for	 whom	 intubation	 is	 undesirable,	 such	 as	 those	
with	“do	not	intubate”	orders.50	Contraindications	to	NPPV	
include	 apnea,	 cardiovascular	 instability	 (hypotension,	 un-
controlled	dysrhythmias,	and	myocardial	ischemia),	claustro-
phobia,	somnolence,	high	aspiration	risk,	viscous	or	copious	
secretions,	inability	to	clear	secretions,	recent	facial	or	gastro-
esophageal	surgery,	craniofacial	trauma,	and	burns.35,50

NPPV	 can	 be	 delivered	 with	 critical	 care	 ventilators	 or	 a	
ventilator	specifically	designed	to	provide	NPPV	(Figure	9-33).	
Modes	delivered	can	be	pressure	or	volume;	however,	pressure	
modes	are	better	tolerated.	The	most	common	modes	of	ven-
tilation	delivered	via	NPPV	are	pressure	 support	or	pressure	
control	with	PEEP	and	CPAP.

During	NPPV,	it	is	important	for	the	nurse	to	work	with	
the	RT	to	ensure	 the	right	size	and	type	of	mask	 is	chosen,	
and	that	it	fits	snugly	enough	to	prevent	air	leaks.	The	nurse	
monitors	 the	 mask	 and	 the	 skin	 under	 the	 mask	 edges	 for	

signs	of	breakdown.	If	signs	of	excess	pressure	are	noted,	in-
terventions	include	repositioning	the	mask,	placing	a	layer	of	
wound	care	dressing	on	the	skin	as	a	protective	shield,	or	try-
ing	another	 type	of	mask.	 If	mouth	breathing	 is	a	problem	
with	the	nasal	mask,	a	chin	strap	can	be	applied,	or	the	mask	
should	be	changed	to	an	oronasal	or	full	face	mask.	Leakage	
of	gases	around	the	mask	edges	may	lead	to	drying	of	the	eyes	
and	the	need	for	eye	drops.	The	mouth	and	airway	passages	
should	be	monitored	for	excessive	drying,	and	a	humidifica-
tion	system	applied	as	indicated.	The	nurse	also	monitors	the	
total	RR,	the	EVT	to	ensure	it	is	adequate,	and	the	PIP.50,51

High Frequency Oscillatory Ventilation
High	 frequency	 oscillatory	 ventilation	 (HFOV)	 delivers	 sub-
physiological	 tidal	 volumes	 at	 extremely	 fast	 rates	 (300	 to		
420	breaths	per	minute).	It	is	indicated	in	patients	with	non-
compliant	 lungs	 and	hypoxemia	where	 conventional	 ventila-
tion	results	in	high	airway	pressures.	This	strategy	stabilizes	the	
alveoli	and	 improves	gas	mixing,	 thereby	 improving	oxygen-
ation.	The	small	tidal	volumes	limit	peak	pressure,	preventing	
overdistention	and	protecting	the	lung	from	further	injury.	At	
the	same	time,	collapse	of	the	alveoli	at	end-expiration	is	lim-
ited	through	the	use	of	higher	end-expiratory	pressure.	HFOV	
is	delivered	with	a	specialized	ventilator	that	uses	a	diaphragm,	
much	like	a	stereo	speaker,	driven	by	a	piston	creating	a	con-
stant	flow	of	gases	in	and	out	of	the	lung	(Figure	9-34).	Ventila-
tor	 settings	control	 the	amount,	 timing,	and	 speed	of	piston	
movement.	The	nurse	must	learn	new	monitoring	parameters	
when	caring	for	a	patient	on	HFOV.

FIGURE 9-33 Noninvasive positive-pressure ventilation
(NPPV)maybeadministeredthroughamaskwiththeBiPAP
Visionventilator.Thisventilatoriscapableofoperatinginfour
modes: pressure support (PS); spontaneous/timed (S/T)
mode,whichispressuresupportwithbackuppressurecon-
trol; timed (T), which is pressure control; and continuous
positive airway pressure (CPAP). (Courtesy Phillips Health-
care,Andover,Massachusetts.)

FIGURE 9-32 Masks used for noninvasive positive-pressure
ventilation.A,Nasal.B,Oronasal.C,Totalfacemask.(Redrawn
fromMimsBC,TotoKH,LueckeLE,etal.Critical Care Skills.
2nded.Philadelphia:Saunders;2003.)
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Advanced Methods and Modes of Mechanical 
Ventilation
Microprocessor	ventilators	offer	a	wide	range	of	options	for	
mechanical	ventilation.	However,	other	forms	of	ventilatory	
support	are	available.	These	advanced	 techniques	are	usu-
ally	ordered	to	treat	patients	with	respiratory	failure	that	is	
refractory	to	conventional	treatment.	These	techniques	in-
clude,	but	are	not	limited	to,	high-frequency	jet	ventilation,	
extracorporeal	 membrane	 oxygenation,	 and	 inhaled	 nitric	
oxide.	Specialized	equipment	and	training	are	essential	for	
these	advanced	treatments.

Respiratory Monitoring During Mechanical 
Ventilation
Nurses	 and	 RTs	 routinely	 monitor	 many	 parameters	 while	 a	
patient	receives	mechanical	ventilation.	Monitoring	done	to	as-
sess	 the	patient’s	 response	 to	 treatment	and	 to	anticipate	and	
plan	for	the	ventilator	weaning	process	includes	physical	assess-
ment	 of	 the	 patient	 and	 assessment	 of	 the	 ventilator	 system:	
airway,	 circuitry,	 accuracy	 of	 ventilator	 settings,	 and	 patient	
data.	Physical	assessment	includes	vital	signs	and	hemodynamic	
parameters,	patient	comfort	and	WOB,	synchrony	of	patient’s	
respiratory	efforts	with	 the	ventilator,	breath	sounds,	amount	
and	 quality	 of	 respiratory	 secretions,	 and	 assessment	 of	 the	
chest	drain	system	if	present.	ABG	results,	pulse	oximetry,	and	

ETCO2	values	are	evaluated	to	assess	oxygenation	and	ventila-
tion.20,51,57,65	Patient	data	evaluated	from	the	ventilator	include	
EVT	(mandatory,	spontaneous,	and	assisted	breaths),	total	RR,	
and	PIP.	Further	assessment	of	the	PIP	may	require	direct	mea-
surements	of	airway	resistance	and	static	lung	compliance.	The	
ventilator	system	should	be	checked	by	the	nurse	at	least	every	
4	hours.	The	RT	performs	a	more	detailed	assessment	of	 the	
ventilator’s	functioning,	including	alarms	and	the	appropriate-
ness	of	alarm	settings.

Alarm Systems
Alarms	are	an	integral	part	of	mechanical	ventilation	because	
this	equipment	provides	vital	life	support	functions.	Alarms	
warn	of	technical	or	patient	events	that	require	attention	or	
action;	therefore	knowledge	about	alarms	and	how	to	trou-
bleshoot	them	is	essential.	Two	important	rules	must	be	fol-
lowed	to	ensure	patient	safety:
	1.	 Never	shut	off	alarms.	It	is	acceptable	to	silence	alarms	for	

a	preset	delay	while	working	with	a	patient,	such	as	during	
suctioning.	However,	alarms	are	never	shut	off.

	2.	 Manually	ventilate	 the	patient	with	a	bag-valve	device	 if	
unable	 to	 troubleshoot	 alarms	 quickly	 or	 if	 equipment	
failure	 is	 suspected.	 A	 bag-valve	 device	 must	 be	 readily	
available	at	the	bedside	of	every	patient	who	is	mechani-
cally	ventilated.

FIGURE 9-34 A,SensorMedics3100BHighFrequencyOscillatoryVentilator.B,Enlargedview.
(CourtesyCareFusion,SanDiego,California.)

A B
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ALARM DESCRIPTION INTERVENTION

Highpeakpressure Set10cmH2OaboveaveragePIP
Triggeredwhenpressureincreases

anywhereincircuit
Ventilatorrespondsbyterminating

inspiratoryphasetoavoidpressure
injury(barotrauma)

Assessforkinksinendotrachealtubeorventilatorcircuitand
correct

Assessforanxietyandlevelofsedationpatientbitingor
gaggingontube;administermedicationsifwarranted,use
airwaysecuringdevicewithbiteblock

Observeforcoughing,auscultatelungsoundsforneedfor
suctioningorbronchodilator

Usecommunicationassistivedevicesforpatientwhois
attemptingtotalk

Emptywaterfromwatertrapsifindicated
Assessforworseningpulmonarypathologyresultingin

reductioninlungcompliance(i.e.,pulmonaryedema)
NotifyRTand/orphysicianifalarmpersists

Lowpressure
LowPEEP/CPAP

Set10cmH2ObelowaveragePIP
Set3-5cmH2ObelowsetPEEP/

CPAP
Triggeredwhenpressuredecreases

incircuit

Assessforleaksinventilatorcircuitordisconnectionof
ventilatorcircuitfromairway;reconnect

Ifmalfunctionisnoted,manuallyventilatepatientwith
bag-maskdevice

NotifyRTtotroubleshootalarm

Lowexhaledtidal
volume

Lowminuteventi-
lation(VE)

Set10%belowthesetVTandthe
patientsaverageVE

Ensuresadequatealveolarventilation

Assessfordisconnectionofventilatorcircuitfromairway;
reconnect

Assessfordisconnectioninanypartoftheventilatorcircuit;reconnect
Assessforleakincuffofartificialairwaybylisteningforaudible

soundsaroundtheairwayandusingdevicetomeasurecuff
pressure;inflateasneeded

Assessforneworincreasingairleakinachestdrainsystem;
connectifsystem-related,notifyproviderifpatient-related

Assessforchangesinlungcompliance,increaseinairway
resistance,orpatientfatigueinpatientonapressuremode
ofventilation

Highexhaledtidal
volume

Highminuteventi-
lation(VE)

Set10%abovethesetVTandthe
patientsaverageVE

AssesscauseforincreasedRRorVTsuchasanxiety,pain,
hypoxemia,metabolicacidosis;treat

Assessforexcesswaterintubing;drainappropriately

Apneaalarm Setfor,20seconds
Warnswhennoexhalationdetected
Ventilatorwilldefaulttoabackup

controlledmodeifoneisset

Assessforcauseoflackofspontaneousrespiratoryeffort
(sedation,respiratoryarrest,neurologicalcondition);physically
stimulatepatient,encouragepatienttotakeadeepbreath,
reversesedativesornarcotics

ManuallyventilatepatientwhileRTand/orproviderarenotified
tomodifyventilatorsettingstoprovidemoresupport

When	an	alarm	sounds,	the	first	thing	to	do	is	to	look	at	
the	patient.	If	the	patient	is	disconnected	from	the	ventila-
tor	circuit,	quickly	reconnect	the	patient	to	the	machine.	If	
the	circuit	is	connected	to	the	airway,	quickly	assess	whether	
the	patient	is	in	distress,	and	whether	he	or	she	is	adequately	
ventilated	 and	 oxygenated.	 The	 nurse	 quickly	 assesses	 the	
patient’s	level	of	consciousness,	airway,	RR,	oxygen	satura-
tion	level,	heart	rate,	color,	WOB,	chest	wall	movement,	and	
lung	sounds.	The	ventilator	display	 is	observed	 to	 identify	
the	status	message	related	to	the	alarm,	and	the	alarm	is	si-
lenced	while	the	cause	of	the	alarm	is	determined.	Immedi-
ate	action	is	required	if	the	patient	is	in	acute	distress	with	
labored	respirations,	an	abnormal	breathing	pattern,	pallor	

and	diaphoresis,	deterioration	in	breath	sounds,	or	decreas-
ing	SpO2.

53	The	nurse	quickly	disconnects	the	patient	from	
the	ventilator	and	manually	ventilates	with	a	bag-valve	de-
vice	while	a	second	caregiver,	often	the	RT,	further	assesses	
the	problem.	If	the	patient	is	not	in	respiratory	distress,	the	
nurse	 uses	 the	 assessment	 data	 gathered	 to	 proceed	 with	
problem	 solving.	 Table	 9-4	 provides	 an	 overview	 of	 man-
agement	of	common	ventilator	alarms.

Complications of Mechanical Ventilation
Numerous	complications	are	associated	with	intubation	and	
mechanical	 ventilation.	 Many	 complications	 can	 be	 pre-
vented	or	treated	rapidly	through	vigilant	nursing	care.51	Best	

TABLE 9-4  MANAGEMENT OF COMMON VENTILATOR ALARMS

CPAP,Continuouspositiveairwaypressure;PEEP,positiveend-expiratorypressure;PIP,peakinspiratorypressure;RT,respiratorytherapist;
VE,minuteventilation;VT,tidalvolume.
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• Providepatienteducationregardingthepurposeoftheartifi-
cialairwayandreassurancethatitwillberemovedassoon
asthepatientcanbreatheindependently.

• Provideadequateanalgesiaandsedation.
• Monitorall intubatedpatientsvigilantly;assessforrisksfor

self-extubation(distress,disorientation).
• Applyprotectivedevices(e.g.,softwristrestraints,armim-

mobilizers,mitts)accordingtohospitalstandardsofpractice.
• Adequately secure the endotracheal tube around the pa-

tient’shead,notjusttotheface.

• Cuttheendoftheendotrachealtubeto2inchesbeyondthe
fixationpoint.

• Providesupportfortheventilatortubingandclosedsuction
systems;keeptheseitemsoutofthepatient’sreach.

• Usetwostaffmemberswhenrepositioninganendotracheal
tube.

• Educatethefamilytoassistinmonitoringthepatient.
• Extubate the patient in a timely manner when the patient

meetsestablishedcriteria.

practice	includes	implementation	of	the	“ventilator	bundle”	
for	all	mechanically	ventilated	patients	to	prevent	complica-
tions	and	improve	outcomes	(see	box,	“Clinical	Alert”).

Airway Problems
Endotracheal tube out of position.	The	ETT	can	become	

dislodged	if	it	is	not	secured	properly	during	procedures	such	
as	 oral	 care	 or	 changing	 the	 ETT	 securing	 device,	 during	
transport,	or	if	the	patient	is	anxious	or	agitated	and	attempts	
to	pull	out	the	tube.	The	ETT	may	be	displaced	upward,	re-
sulting	 in	 the	 cuff	 being	 positioned	 between	 or	 above	 the	
vocal	cords.	Conversely,	the	tube	may	advance	too	far	into	the	
airway	and	press	on	the	carina	or	move	into	the	right	main-
stem	 bronchus.	 Symptoms	 include	 absent	 or	 diminished	
breath	sounds	 in	the	 left	 lung	and	unequal	chest	excursion.	
The	nurse	should	notify	the	provider	of	these	findings	so	the	
cuff	can	be	let	down,	the	tube	gently	retracted	as	needed,	and	
the	cuff	properly	reinflated.

Whenever	 the	 ETT	 is	 manipulated,	 the	 nurse	 must	 as-
sess	 for	 bilateral	 chest	 excursion,	 auscultate	 the	 chest	 for	
bilateral	 breath	 sounds	 after	 the	 procedure,	 and	 reassess	
tube	 position	 at	 the	 lip.	 A	 quick	 check	 of	 the	 centimeter	

markings	can	determine	whether	the	tube	has	advanced	or	
pulled	out	of	proper	position.	When	a	serious	airway	prob-
lem	cannot	be	quickly	resolved,	the	nurse	attempts	to	manu-
ally	ventilate	the	patient	to	assess	airway	patency.	If	the	pa-
tient	 cannot	 be	 ventilated	 and	 the	 tube	 is	 not	 obviously	
displaced	 or	 the	 patient	 is	 not	 biting	 the	 airway,	 the	 nurse	
should	attempt	to	pass	a	suction	catheter	through	the	airway	
to	determine	whether	it	is	obstructed.	If	the	catheter	cannot	
be	passed	and	the	patient	has	spontaneous	respirations,	the	
cuff	 is	deflated	 to	allow	air	 to	pass	 around	 the	 tube.	 If	 the	
patient	still	cannot	be	adequately	ventilated,	the	airway	must	
be	 removed	 and	 the	 patient	 is	 ventilated	 with	 a	 bag-valve	
device	while	preparing	for	emergent	reintubation.35,53

Unplanned extubation.	 The	 patient	 may	 intentionally	 or	
inadvertently	 remove	 the	 airway.	 The	 two	 most	 frequent	
methods	by	which	self-extubation	occurs	are	(1)	by	using	the	
tongue,	and	(2)	by	leaning	forward	or	scooting	downward	so	
the	patient	uses	his	or	her	hands	to	remove	the	tube.4,54	Un-
planned	extubation	can	also	occur	as	a	result	of	patient	care.	
For	example,	the	tube	can	be	dislodged	if	the	ventilator	circuit	
or	closed	suction	catheter	pulls	on	the	ETT	during	procedures	
such	as	turning.	Despite	vigilant	nursing	care,	unplanned	ex-
tubation	may	result.	Strategies	 for	preventing	an	unplanned	
extubation	are	described	in	Box	9-8.

Laryngeal and tracheal injury.	Damage	to	the	larynx	and	
trachea	can	occur	because	of	tube	movement	and	excess	pres-
sure	exerted	by	the	distal	cuff.	The	nurse	should	prevent	the	
patient	from	excessive	head	movement,	especially	flexion	and	
extension,	which	result	in	the	tube	moving	up	and	down	in	
the	airway,	causing	abrasive	injury.	An	intervention	for	pre-
venting	 tracheal	damage	 from	the	cuff	 is	 routine	cuff	pres-
sure	monitoring	(Figure	9-35).	Pressures	should	not	exceed	
25	 to	 30	 cm	 H2O	 (18	 to	 22	 mm	 Hg).58,61,64,66	Various	 com-
mercial	devices	are	available	to	measure	cuff	pressures	quickly	
and	easily.	The	nurse	works	with	the	RT	to	ensure	an	appro-
priate	cuff	volume	and	pressure.

Damage to the oral or nasal mucosa.	Tape	or	commercial	
devices	that	secure	the	ETT	can	cause	breakdown	of	the	lip	
and	oral	mucosa.	Nasal	intubation	may	result	in	skin	break-
down	on	the	nares	and	also	a	higher	risk	of	sinusitis.	Ongoing	
assessment	and	skin	care	assist	in	preventing	damage	to	the	
mouth	 and	 nose.	 The	 ETT	 should	 be	 repositioned	 daily	 to	
prevent	pressure	necrosis.

CLINICAL ALERT
Implementation of the Ventilator Bundle

Theventilatorbundleofcareshouldbeimplementedinall
patientswhoreceivemechanicalventilation.32Thisbundle
is a group of evidence-based recommendations that has
been demonstrated to improve outcomes. It is expected
thatallinterventionsinthebundlebeimplementedunless
contraindicated:
• Maintainheadofbedelevationat30to45degrees
• Interruptsedationeachday toassess readiness towean

fromventilator
• Provideprophylaxisfordeepveinthrombosis
• Administer medications for peptic ulcer disease prophy-

laxis
• Dailyoralcarewithchlorhexidine4,32(NOTE:TheInstituteof

Healthcare Improvement [IHI] added this element to the
ventilator bundle. Recommended chlorhexidine solution
strength is 0.12%. Other bundles recommend oral care
withantisepticsanddonotspecifyaparticularsolution.)

BOX 9-8   STRATEGIES FOR UNPLANNED OR SELF-EXTUBATION
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PULMONARY SYSTEM
Trauma.	Barotrauma,	which	means	pressure	trauma,	is	the	

injury	to	the	lungs	associated	with	mechanical	ventilation.	In	
barotrauma,	alveolar	 injury	or	rupture	occurs	as	a	result	of	
excessive	 pressure,	 excessive	 peak	 inflating	 volume	 (volu-
trauma),	or	both.7,35	Barotrauma	may	occur	when	the	alveoli	
are	overdistended,	such	as	with	positive-pressure	ventilation,	
PEEP,	and	high	VT.	The	alveoli	rupture	or	tear	so	that	air	es-
capes	into	various	parts	of	the	thoracic	cavity,	causing	subcu-
taneous	emphysema	(air	in	the	tissue	space),	pneumothorax	
or	 tension	 pneumothorax,	 pneumomediastinum,	 pneumo-
pericardium,	or	pneumoperitoneum.	Signs	and	symptoms	of	
barotrauma	 include	 high	 PIP	 and	 mean	 airway	 pressures,	
decreased	breath	sounds,	tracheal	shift,	subcutaneous	crepi-
tus,	 new	 air	 leak	 or	 increase	 in	 air	 leak	 in	 a	 chest	 drainage	
system,	and	symptoms	associated	with	hypoxemia.

A	life-threatening	complication	is	a	tension	pneumotho-
rax.	 When	 tension	 pneumothorax	 occurs,	 pressurized	 air	
enters	the	pleural	space.	Air	is	unable	to	exit	the	pleural	space	
and	continues	to	accumulate.	Air	in	the	pleural	space	causes	
an	increase	in	intrathoracic	pressure,	increasing	amounts	of	
lung	 collapse,	 shifting	 of	 the	 heart	 and	 great	 vessels	 to	 the	
opposite	 thorax	 (mediastinal	 shift),	 tachycardia,	 and	 hypo-
tension.	Treatment	consists	of	immediate	insertion	of	a	chest	
tube	or	a	needle	thoracostomy.	Whenever	a	pneumothorax	is	
suspected	 in	 a	 patient	 receiving	 mechanical	 ventilation,	 the	
patient	should	be	removed	from	the	ventilator	and	ventilated	
with	a	bag-valve	device	until	 a	needle	 thoracostomy	 is	per-
formed	or	a	chest	tube	is	inserted.

Lung	tissue	injury	induced	by	local	or	regional	overdis-
tending	volume	is	called	volutrauma.	The	damage	that	oc-
curs	 to	 the	 lung	 is	 similar	 to	 the	 pathological	 findings	 of	
early	 ARDS	 and	 is	 probably	 the	 result	 of	 local	 stress	 and	
strain	on	the	alveolar-capillary	membrane.	Volutrauma	re-
sults	 in	 increased	 permeability	 of	 the	 alveolar-capillary	
membrane,	 pulmonary	 edema,	 accumulation	 of	 white	
blood	cells	and	protein	in	the	alveolar	spaces,	and	reduced	
surfactant	 production.	 Because	 it	 is	 difficult	 to	 determine	
the	exact	distribution	of	volume	in	a	patient’s	lung,	pressure	

is	 used	 as	 a	 surrogate	 for	 volume.	 The	 PIP	 is	 kept	 below		
40	cm	H2O	and/or	the	Pplat	is	kept	at	less	than	30	cm	H2O	
as	 lung	 protective	 strategies	 to	 prevent	 both	 volutrauma	
and	barotrauma.35

Oxygen toxicity.	The	exposure	of	the	pulmonary	tissues	to	
high	levels	of	oxygen	can	lead	to	pathological	changes.	The	de-
gree	of	injury	is	related	to	the	duration	of	exposure	and	to	the	
FiO2,	not	to	the	PaO2.	The	first	sign	of	oxygen	toxicity,	tracheo-
bronchitis,	 is	 caused	 by	 irritant	 effects	 of	 oxygen.	 Prolonged	
exposure	 to	 high	 FiO2	 may	 lead	 to	 changes	 in	 the	 lung	 that	
mimic	ARDS.	As	a	general	rule,	an	FiO2	up	to	1.0	may	be	toler-
ated	for	up	to	24	hours.	However,	the	goal	is	to	lower	the	FiO2	
to	 less	 than	 0.60.30	Absorption	 atelectasis	 is	 another	 problem	
associated	with	high	FiO2.	Nitrogen	 is	needed	to	prevent	col-
lapse	of	the	alveoli.	When	the	FiO2	is	1.0,	alveolar	collapse	and	
atelectasis	result	from	a	lack	of	nitrogen	in	the	distal	air	spaces.

Respiratory acidosis or alkalosis.	Acid-base	disturbances	
may	occur	secondary	to	VT	and	RR	settings	on	the	ventilator.	
For	 example,	 if	 a	 patient	 is	 receiving	A/C	 ventilation	 set	 at		
10	breaths	per	minute	but	the	patient’s	RR	is	28	breaths	per	
minute	because	of	pain	or	anxiety,	respiratory	alkalosis	may	
occur.	If	the	ventilator	is	set	at	a	low	RR	(e.g.,	2	to	6	breaths	
per	minute)	and	the	patient	does	not	have	an	adequate	drive	
to	initiate	additional	breaths,	respiratory	acidosis	may	occur.	
Ideally	the	VT	and	RR	are	set	to	achieve	a	VE	that	ensures	a	
normal	PaCO2	level.

Infection.	Patients	with	artificial	airways	who	are	receiving	
mechanical	ventilation	are	at	an	increased	risk	of	ventilator-
associated	 pneumonia	 (VAP)	 because	 normal	 upper	 airway	
defense	 mechanisms	 are	 bypassed.	 About	 10%	 to	 20%	 of	
ventilated	patients	develop	VAP.56	The	incidence	is	highest	in	
the	 first	 5	 days	 of	 mechanical	 ventilation.2	 The	 principal	
mechanism	for	the	development	of	VAP	is	aspiration	of	colo-
nized	gastric	and	oropharyngeal	secretions.	Factors	that	con-
tribute	 to	 VAP	 include	 poor	 oral	 hygiene,	 aspiration,	 con-
taminated	respiratory	therapy	equipment,	poor	hand	washing	
by	caregivers,	breach	of	 aseptic	 technique	when	 suctioning,	
inadequate	 humidification	 or	 systemic	 hydration,	 and	 de-
creased	ability	to	produce	an	effective	cough	because	of	the	

FIGURE 9-35 Monitoringendotrachealtubecuffpressures.(Reprintedwithpermission,Cleveland
ClinicCenterforMedicalArt&Photography©2011-2012.Allrightsreserved.)
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artificial	 airway.44	 Specific	 strategies	 to	 reduce	VAP	 include	
the	following:
•	 Elevate	head	of	the	bed	30	to	45	degrees	if	not	medically	

contraindicated	to	prevent	reflux	and	aspiration	of	gastric	
contents.	 Elevation	 of	 the	 head	 of	 the	 bed	 is	 associated	
with	a	26%	risk	reduction	in	pneumonia.16

•	 Prevent	drainage	of	ventilator	circuit	condensate	into	the	
patient’s	 airway.	 Always	 discard	 condensate	 and	 never	
drain	it	back	into	the	humidifier.11

•	 Practice	proper	hand	hygiene	and	wear	gloves	when	han-
dling	respiratory	secretions.

•	 Use	an	ETT	with	a	lumen	for	aspirating	subglottic	secre-
tions	that	pool	above	the	airway	cuff.11

•	 Ensure	secretions	are	aspirated	from	above	the	cuff	before	
cuff	deflation	or	tube	removal.11

•	 Provide	comprehensive	oral	hygiene	that	includes	a	mech-
anism	for	dental	plaque	removal	and	reduction	of	bacte-
rial	burden	in	the	oral	cavity.11

•	 Use	noninvasive	mechanical	ventilation	when	possible.
Determination	of	VAP	has	low	sensitivity	and	specificity.	

The	Centers	for	Disease	Control	along	with	a	team	of	experts	
has	recommended	surveillance	for	ventilator-associated	con-
ditions,	 including	 infectious	 and	 non-infectious	 causes.	 See	
box,	“Clinical	Alert,	Ventilator-Associated	Conditions”.

CARDIOVASCULAR SYSTEM
Hypotension	and	decreased	cardiac	output	may	occur	with	
mechanical	ventilation	and	PEEP,	secondary	to	increased	in-
trathoracic	 pressure,	 which	 can	 result	 in	 decreased	 venous	
return.	The	hemodynamic	effects	of	mechanical	ventilation	
are	more	pronounced	in	patients	with	hypovolemia	or	poor	
cardiac	reserve.	Patients	with	a	high	PIP	who	receive	PEEP	of	
greater	than	10	cm	H2O	may	need	a	hemodynamic	monitor	
to	assess	volume	status	and	cardiac	output.	Management	of	
hypotension	 and	 decreased	 cardiac	 output	 involves	 the	 ad-
ministration	of	 volume	 to	 ensure	 an	 adequate	preload,	 fol-
lowed	by	administration	of	inotropic	agents	as	necessary.

Gastrointestinal System
Stress	ulcers	and	gastrointestinal	bleeding	may	occur	 in	pa-
tients	who	undergo	mechanical	ventilation.	All	patients	un-
dergoing	mechanical	ventilation	should	receive	medications	
for	 stress	 ulcer	 prophylaxis.32	 Enteral	 feeding	 is	 initiated	 as	
soon	as	possible,	and	the	patient	is	monitored	for	gross	and	
occult	blood	 in	 the	gastric	 aspirate	 and	 stools.	Other	 inter-
ventions	 include	 identification	 and	 reduction	 of	 stressors,	
communication	and	reassurance,	and	administration	of	anx-
iolytic	or	sedative	agents,	as	necessary	based	on	standardized	
assessment	tools	(see	Chapter	5).

Nutritional	support	is	required	for	all	patients	who	require	
mechanical	 ventilation	 (see	 Chapter	 6).	 Inadequate	 nutrition	
may	occur	if	the	patient	is	not	started	on	early	nutritional	sup-
port	or	receives	inadequate	supplemental	nutrition.47	The	type	
of	 formula	 may	 need	 to	 be	 modified	 for	 ventilated	 patients.	
Excess	 CO2	 production	 may	 occur	 with	 high-carbohydrate	
feedings	and	place	a	burden	on	the	respiratory	system	to	excrete	
the	 CO2,	 increasing	 the	 WOB.47	 Formulas	 developed	 for	 the	
patient	with	pulmonary	disorders	may	be	indicated.42

An	essential	nursing	intervention	for	the	intubated	patient	
who	receives	enteral	nutrition	is	to	reduce	the	risk	of	aspira-
tion.	 The	 nurse	 must	 keep	 the	 head	 of	 the	 bed	 elevated	 at	
least	30	degrees	during	enteral	feeding.16

Psychosocial Complications
Several	psychosocial	hazards	may	occur	because	of	mechani-
cal	 ventilation.	 Patients	 may	 experience	 stress	 and	 anxiety	
because	they	require	a	machine	for	breathing.	If	the	ventilator	
is	 not	 set	 properly	 or	 if	 the	 patient	 resists	 breaths,	 patient-
ventilator	dyssynchrony	may	occur.	The	noise	of	the	ventilator	
and	the	need	for	frequent	procedures,	such	as	suctioning,	may	
alter	sleep	and	wake	patterns.	In	addition,	the	patient	can	be-
come	psychologically	dependent	on	the	ventilator.23

NURSING CARE
Nursing	care	of	the	patient	who	requires	mechanical	ventila-
tion	is	complex.	The	nurse	must	provide	care	to	the	patient	
by	using	a	holistic	approach,	including	competent	delivery	of	
a	highly	sophisticated	technology.	A	detailed	plan	of	care	 is	
described	 in	 the	 box,	“Nursing	 Care	 Plan	 for	 the	 Mechani-
cally	Ventilated	Patient.”

Text continued on p. 212

CLINICAL ALERT
Ventilator-Associated Conditions

TheCentersforDiseaseControlhasproposedsurveillance
for ventilator-associated conditions (VAC), including infec-
tiousandnon-infectioustypes.Followingabaselineperiod
ofstabilityorimprovementfor2ormoredaysonmechani-
cal ventilation, VAC will be determined by indicators of
worseningoxygenation:1)NeedtoincreaseFiO2by.20or
higherfortwoormoredays;or2)NeedtoincreasePEEP
by3cmH2Ofortwoormoredays.

Dysphagia and aspiration.	Artificial	 airways	 increase	 the	
risk	of	upper	airway	injury	which	in	turn	affects	upper	airway	
mechanics	and	protective	reflexes	and	can	have	negative	ef-
fects	on	swallowing	physiology.3	Patients	intubated	48	hours	
or	longer	are	at	risk	for	disordered	swallowing	which	can	lead	
to	aspiration	and	pneumonia.	Reports	of	dysphagia	following	
intubation	 vary	 widely,	 ranging	 from	 3%	 to	 83%,	 and	 are	
mostly	due	to	a	wide	assortment	of	assessment	methods	and	
instruments.62	Although	many	factors	contribute	to	dyspha-
gia,	the	artificial	airway	interferes	with	the	ability	to	execute	
an	 efficient	 and	 safe	 swallow.	After	 extubation	 or	 tracheos-
tomy,	 the	 transition	 to	 oral	 feedings	 may	 be	 appropriate;	
however,	before	oral	 feedings	are	 initiated	a	 speech	 therapy	
evaluation	 for	 swallowing	 is	 recommended,	 because	 many	
patients	have	difficulty	with	swallowing	and	are	prone	to	as-
piration	after	prolonged	intubation.3	Simple	bedside	tests	for	
dysphagia	before	and	after	extubation	are	emerging	as	meth-
ods	to	identify	this	potentially	serious	complication.13

Fromhttp://www.cdc.gov/nhsn/PDFs/vae/CDC_VAE_
CommunicationsSummary-for-compliance_20120313.pdf.
AccessedMay20,2012.

http://www.cdc.gov/nhsn/PDFs/vae/CDC_VAE_CommunicationsSummary-for-compliance_20120313.pdf


NURSING CARE PLAN
for the Mechanically Ventilated Patient

NURSING DIAGNOSIS
ImpairedSpontaneousVentilationrelatedtorespiratorymusclefatigue,acuterespiratoryfailure,metabolicfactors

PATIENT OUTCOMES
• SpontaneousventilationwithnormalABGs;freeofdyspneaorrestlessness
• Nocomplicationsassociatedwithmechanicalventilation

NURSING INTERVENTIONS RATIONALES

• Havebag-valvedeviceandsuctioningequipmentreadily
available

• Bepreparedintheeventofairwayincompetency;maintain
airwaypatency

• Maintainartificialairway;secureETTortracheostomywith
tapeorcommercialdevices;preventunplannedextubation
(seeBox9-8)

• Ensuremaintenanceofanadequateairwaytofacilitate
mechanicalventilation;preventunintendedremovalof
artificialairway

• Assesspositionofartificialairway: • Maintainanadequateairwaybyensuringthatartificial
airwayintheproperposition• Auscultateforbilateralbreathsounds

• Evaluateplacementonchestx-ray
• Onceproperpositionisconfirmed,marktheposition(cm

marking)oftheETTwithanindeliblepenandnoteposition
ofthetubeattheliplineaspartofroutineassessment

• Monitoroxygenationandventilationatalltimes,andrespond
tochanges:
• Vitalsigns
• Totalrespiratoryrate
• Exhaledtidalvolumeofventilator-assistedandpatient-

initiatedbreaths
• Oxygensaturation
• End-tidalCO2

• Mentalstatusandlevelofconsciousness
• Signsandsymptomsofhypoxemia(seeBox9-1)
• ABGs

• Ensureadequateoxygenation,ventilationandacid-base
balance;identifywhenventilatorsettingchangesare
indicated

• Assessrespiratorystatusatleastevery4hoursandrespond
tochanges:
• Breathsoundsanteriorlyandposteriorly
• Respiratorypattern
• Chestexcursion
• Patient’sabilitytoinitiateaspontaneousbreath

• Ensurepatientisbreathingcomfortablyandisnot
expendingexcessiveenergyontheworkofbreathing;
identifyreportablechanges

• RepositionETTfromsidetosideevery24hours;assessand
documentskincondition66

• Noteplacementoftubeatlipline
• Usetwostaffmembersforprocedure
• SuctionsecretionsabovetheETTcuffbeforerepositioning

tube
• Aftertheprocedure,assesspositionoftubeatlipand

auscultateforbilateralbreathsounds

• Preventskinbreakdownfromthetube,tape,orairway
securingdevice;preventaspirationoforalsecretionsand
ventilator-associatedpneumonia;andensurethattube
remainsinproperpositionaftermanipulation

• MonitorcuffpressureofETTortracheostomyandmaintain
withintherapeuticrange61

• Preventcomplicationsassociatedwithoverinflationor
underinflationofETTcuff

• Maintainintegrityofmechanicalventilatorcircuit;monitor
ventilatorsettings;respondtoventilatoralarms;keeptubing
freeofmoisturebydrainingawayfromthepatientandusing
devicessuchaswatertrapstofacilitatedrainageofmoisture

• Ensuresafeadministrationofmechanicalventilation;
maximizeventilationandpreventaspirationofcontami-
natedcondensate

• Monitorserialchestradiographs • AssessforcorrectpositionofETTandimprovementor
worseningofpulmonaryconditions

• Implementamultiprofessionalplanofcaretoaddressunder-
lyingpulmonarycondition
• CoordinatewithRT,MD,andmultiprofessionalteam
• Evaluateresponsetolungexpansionbronchialhygiene

andpulmonarymedicationtherapies
• Mobilizepatientasmuchaspossible(i.e.,turning,

progressiveuprightmobility,lateralrotationtherapy)
• Considerpronationtherapyinrefractivehypoxemia
• Ensureadequatehydration,nutrition,andelectrolytebalance

• Mechanicalventilationonlysupportstherespiratory
systemuntiltheunderlyingconditionistreatedor
resolved;well-coordinatedteameffortisessentialto
avoidfragmentationofcare



NURSING CARE PLAN—cont’d
for the Mechanically Ventilated Patient

NURSING INTERVENTIONS RATIONALES

• Implementamultiprofessionalplanofcaretomaintain
patientcomfort,mobility,nutrition,andskinintegrity;support
patientandfamily

• Preventcomplicationsassociatedwithmechanical
ventilationandbedrest;fosterpatientandfamily
well-being

NURSING DIAGNOSIS
IneffectiveAirwayClearancerelatedtoETT,inabilitytocough,thicksecretions,fatigue

PATIENT OUTCOMES
• Airwayfreeofsecretions
• Clearlungsounds

NURSING INTERVENTIONS RATIONALES

• Assessneedforsuctioning(risingPIP,highpressureorlow
exhaledVTalarmonventilator,audible/visiblesecretions,
rhonchionauscultation)

• Indicatepossibilityofairwayobstructionwithsecretions
andneedforsuctioning

• Suctionasneededaccordingtostandardofpractice(see
Box9-7)

• Removesecretions;maintainpatentairway;improvegas
exchange

• Assessbreathsounds,PIPandexhaledVTaftersuctioning • Assesseffectivenessofsuctioning;breathsoundsshould
improve,PIPshoulddecreaseinvolumemode,EVTshould
increase

• Iftrachealsecretionsarethick,assesshydrationofpatient
andhumidificationofventilator;avoidinstillationof
normalsaline

• Assistinthinningsecretionsforeasierremoval;saline
hasnotshowntobeeffectiveandisassociatedwith
hypoxemiaandincreasedriskofinfection

• Repositionthepatientfrequently • Mobilizesecretions,improvegasexchange

NURSING DIAGNOSIS
RiskforInfectionrelatedtoendotrachealintubationandRiskforAspirationoforopharyngealsecretions

PATIENT OUTCOMES
• Absenceofventilator-associatedpneumonia

NURSING INTERVENTIONS RATIONALES

• Maintainheadofbedat30degreesorgreater • Decreaseriskforaspirationoforopharyngealandgastric
secretions

• Monitortemperatureevery4hours;assessamount,color,
consistency,andodorofsecretions;notifyphysicianif
secretionschange

• Identifysignsofinfection

• Usegoodhand-washingtechniques;wearglovesfor
procedures,includingclosedsuctioning;useaseptic
techniqueforsuctioning

• Preventtransmissionofbacteriatothepatient

• Implementacomprehensiveoralcareprotocolthat
includesoralsuctionatleastevery4hoursandbrushing
teethatleastevery12hours

• Removedentalplaqueandbacteriafromtheoropharynx,
andpreventaspirationofcontaminatedoralsecretions

• MaintainintegrityofETTcuff;keepcuffpressurebetween
20and30cmH2O

• Preventaspirationoforopharyngealsecretions

NURSING DIAGNOSIS
Risk for Ineffective Protection related to ventilator dependence, PEEP, decreased pulmonary compliance, and issues related to
mechanicalventilator(settings,alarms,disconnection)

PATIENT OUTCOME
• Freeofventilator-inducedlunginjury

NURSING INTERVENTIONS RATIONALES

• Assessprescribedventilatorsettingsevery2hours(mode,
setrate,VT,FiO2,PEEP);ensurethatalarmsareon

• Ensurethatpatientisreceivingtherapyasordered;promote
patientsafety

• AssessPIPatleastevery4hours • IdentifyelevationsinPIP,whichmayindicateworseninglung
function,needtoadjustpulmonarytherapiesorventilator
settingstoensurePIPdoesnotexceed40cmH2O

Continued
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NURSING INTERVENTIONS RATIONALES

• Assesstolerancetoventilatoryassistanceandmonitor
forpatient-ventilatorasynchrony;notifyRTandlicensed
providerofpotentialneedtoadjustventilatorsettings
• Patient’srespiratorycycleoutofphasewithventilator
• Highpressure,lowEVTalarms
• Subjectivereportofbreathlessness
• Laboredrespirations,especiallyincreasedefforton

inspiration
• Tachypnea
• Anxiety,agitation

• Providecuesofconditionimprovingorworsening;may
indicateneedforsuctioningorneedtoadjustventilator
settingsthatareinsufficienttomeetpatientsventilatory
needs

• Assessforsignsofpneumothoraxevery4hoursorwith
changes;ifsymptomatic,determineneedformanual
ventilationandprepareforchesttubeinsertion:
• Subcutaneouscrepitus
• Unequalchestexcursion
• Unilateraldecreaseinbreathsounds
• Restlessness
• IncreasingPIP
• Trachealshift
• DecreasingSpO2

• Earlydetectionofimpairedventilationsoemergencychest
tubeinsertioncanbeefficientlyperformed

• Respondtoallventilatoralarms • Provideimmediateinterventioninresponsetospecific
alarm;promotepatientsafety

NURSING DIAGNOSIS
Anxietyandrelatedtoneedformechanicalventilation,impairedverbalcommunication,changeinenvironment,unmetneeds,fear
ofdeath

PATIENT OUTCOMES
• Calmandcooperative

NURSING INTERVENTIONS RATIONALES

• Assesspatientevery4hoursforsignsofanxiety;administer
sedationasindicatedandassessresponseusingstandardized
sedationassessmenttools

• Identifypresenceorabsence(orrelief)ofanxiety;standard-
izedtoolsfacilitatecommunicationamongteammembers
andassessmentoftrends

• Collaboratewithphysiciantodevelopasedationplanif
anxietyoragitationthatisnotduetopainordelirium
impairsventilation

• Promoteeffectivenessofmechanicalventilationandpatient
ventilatorsynchrony;painismanagedwithanalgesics,
deliriumwillbeworsenedbysedation

• Assessrespiratorypatternforsynchronywithventilator • Respiratoryeffortsthatareasynchronouswiththeventilator
resultindiscomfort,anxiety,dyspnea,andabnormalABGs

• Talktopatientfrequently;establishmethodforcommunica-
tionthatisappropriateforthepatient’snativelanguageand
abilities;speakslowlyanddonotshout;expectfrustration
• Yes/noquestions
• Clipboardwithpaperandpencil
• Picturecommunicationboards
• Computerizedsystems
• Lipreading
• Devicesthatallowthepatienttospeak

• Promotecommunicationwiththepatientandhelpto
identifyneeds,assessresponsestotreatment,andreduce
anxiety;strategiesmustbeculturallyappropriateto
facilitatepatientunderstanding

• Implementinterventionstoreduceanxiety:
• Calmandreassuringpresence
• Simpleexplanationsbeforeandduringprocedures
• Calllightwithinreach
• Familyvisitation
• Diversionaryactivities,suchasmusicortelevisionat

appropriateintervals
• Promoteregularsleep/wakecycleanddaytimeactivity

• Assistinpreventingand/orrelievingfearandanxiety
• Promoterest,healingandrecovery

NURSING CARE PLAN—cont’d
for the Mechanically Ventilated Patient
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NURSING INTERVENTIONS RATIONALES

• Collaboratewiththehealthcareteamtodevelopstrategies
toreduceanxietyandmaximizeeffectivenessofmechani-
calventilation:changesinsettings,sedation,analgesia,
complementaryandalternativetherapies

• Medicationsarefrequentlyneededasanadjunctduring
mechanicalventilation;complementarytherapiessuchas
touch,massage,reflexology,musictherapy,andmeditation
mayalsobeeffective

NURSING DIAGNOSIS
RiskforDecreasedCardiacOutputrelatedtoeffectsofpositivepressureventilation,PEEP,volumedepletionoroverload

PATIENT OUTCOME
• Adequatecardiacoutput

NURSING INTERVENTIONS RATIONALES

• Assessforhypotension,tachycardia,dysrhythmias,
decreasedlevelofconsciousness,coolskin,mottling

• Indicatedecreasedcardiacoutput

• Measurehemodynamicprofileatleastevery4hoursif
hemodynamicmonitoringdeviceisinplace;reassessafter
anyventilatorsettingchangesthataffectVT,PEEP,orPIP

• Assessfillingpressureandcardiacoutput,andidentify
trends

• Alertthephysiciantochangesincardiacoutputand
hemodynamicprofile

• Ventilatorsettings,especiallyPEEP,mayneedtobe
adjusted;therapiestoimproveoxygenationmayneedto
beadded(lungexpansion,bronchialhygiene,rotation,
placingprone,etc.)soPEEPcanbereducedand
oxygenationmaintained

• Maintainoptimumfluidbalance • Additionalvolumemaybeneeded,especiallyifpatientis
receivingPEEP;fluidretentionmayalsooccur

• Administerothermedicationsasordered(e.g.,inotropic
agentsordiuretics)

• Medicationsmaybeneededtooptimizecardiacoutput
and/orrelievefluidretention

NURSING DIAGNOSIS
DysfunctionalVentilatoryWeaningResponserelatedtoineffectiveairwayclearance,sleep-patterndisturbances,inadequatenutrition,
pain,anemia,abdominaldistention,debilitatedcondition,andpsychologicalfactors

PATIENT OUTCOME
• Liberationfrommechanicalventilation
• AdequateABGvalues
• RespiratorypatternandrateWNL
• Effectivesecretionclearance

NURSING INTERVENTIONS RATIONALE

• Assesspatient’sreadinesstowean(seeBox9-10) • Identifyreadinesstobegintheweaningprocessusing
validatedparameters

• Provideweaningmethodbasedonprotocolsandresearch
evidence(seeBox9-9)

• Protocol-drivenweaningisaneffectivestrategyforsystem-
aticventilatorliberationthatreducesventilatordaysand
ICUandhospitallengthofstay

• Collaboratewiththehealthcareteamtoprovidemechanical
ventilationmodes,patientcoaching,andprogressivemobil-
itythatsupportsrespiratorymuscletraining

• Promoterespiratoryconditioningthatfacilitatespatient’s
abilitytoresumetheworkofbreathing

• Promoterestandcomfortthroughouttheweaningprocess,
especiallybetweenweaningtrials;identifystrategiesthat
resultinrelaxationandcomfort;ensurethatenvironmentis
safeandcomfortable

• Facilitateweaningfrommechanicalventilation

• Supportpatientsinsettinggoalsforweaning • Promoterehabilitationandgivepatientssomecontrolinthe
process

• Collaboratewiththehealthcareteamtodeterminethe
mosteffectivestrategiesforweaningthosewithsevere
dysfunctionalbreathingpatterns

• Variousstrategiesmaybeneededtoweanthepatient;
ongoingassessmentisessentialtodeterminethemost
effectivestrategy

NURSING CARE PLAN—cont’d
for the Mechanically Ventilated Patient

Continued
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Communication
Communication	difficulties	are	common	because	of	the	arti-
ficial	airway.	The	lack	of	vocal	expression	has	been	identified	
by	patients	as	a	major	 stressor	 that	 elicits	 feelings	of	panic,	
isolation,	 anger,	 helplessness,	 and	 sleeplessness.24	 Patients	
express	a	need	to	know	and	to	make	themselves	understood.	
They	need	constant	reorientation,	reassuring	words	empha-
sizing	a	 caregiver’s	presence,	 and	point-of-care	 information	
that	 painful	 procedures	 done	 to	 them	 are	 indeed	 necessary	
and	 helpful.	 In	 addition,	 touch,	 eye	 contact,	 and	 positive		
facial	 expressions	are	beneficial	 in	 relieving	anxiety.44	Care-
givers	 who	 attempt	 to	 individualize	 communication	 with	
intubated	 patients	 by	 using	 a	 variety	 of	 methods	 provide	
patients	a	greater	sense	of	control,	encourage	participation	in	
their	own	care,	and	minimize	cognitive	disturbances.24

Head	 nods,	 mouthing	 words,	 gestures,	 and	 writing	 are	
identified	as	the	most	frequently	used	method	of	nonverbal	
communication	among	intubated	ICU	patients,	but	they	are	
often	 inhibited	 by	 wrist	 restraints.29	 Communication	 with	
gestures	and	lip	reading	can	convey	some	basic	needs;	how-
ever,	 augmentative	 devices	 may	 facilitate	 even	 better	 com-
munication.	Although	writing	is	sometimes	used,	critically	ill	
patients	are	often	too	weak	or	poorly	positioned	to	write,	or	
they	 lack	 the	 concentration	 to	 spell.	 A	 picture	 board	 with	
icons	representing	basic	needs	and	the	alphabet	that	can	be	
easily	cleaned	between	patients	should	be	available	 in	every	
ICU.	 A	 board	 with	 pictures	 improved	 communication	 for	
patients	after	cardiothoracic	surgery	and	was	preferred	by	a	
small	group	of	critical	care	survivors	who	were	 interviewed	
about	 augmentative	 communication	 methods.48	 Family	
members	 can	 serve	 as	 a	 communication	 link	 between	 the	
patient	and	the	care	providers.	It	is	important	to	reassure	the	

patient	 that	 the	 loss	 of	 their	 voice	 is	 temporary	 and	 that	
speech	will	be	possible	after	the	tube	is	removed.

Maintaining Comfort and Reducing Distress
Intubation,	 mechanical	 ventilation,	 advanced	 methods	 for	
ventilation	 (e.g.,	 inverse-ratio	 ventilation),	 and	 suctioning	
contribute	to	patient	discomfort	and	distress.	Patients	often	
need	both	pharmacological	and	nonpharmacological	meth-
ods	to	manage	discomfort	and	to	treat	anxiety.67	Strategies	to	
promote	patient	comfort	are	discussed	in-depth	in	Chapter	5.

Medications
Commonly	 used	 medications	 include	 analgesics,	 sedatives,	
and	 neuromuscular	 blocking	 agents;	 many	 patients	 need	 a	
combination	 of	 these	 drugs.36,38	 Medications	 are	 chosen	
based	on	the	hemodynamic	stability	of	the	patient,	the	diag-
nosis,	and	the	desired	patient	goals	and	outcomes.	It	is	very	
important	that	the	nurse,	RT,	and	physician	all	use	the	same	
objective	sedation	and	analgesia	scoring	systems	to	promote	
unambiguous	assessment	and	communication.	In	some	in-
stitutions,	 nurses	 use	 decision	 trees	 or	 algorithms	 to	 guide	
initiation	and	titration	of	medications	 to	 targeted	sedation	
and	analgesia	goals.6	Medications	are	tapered	or	discontin-
ued	when	the	patient	is	ready	to	be	weaned	from	mechanical	
ventilation.

Analgesics,	 such	as	morphine	and	 fentanyl,	 are	adminis-
tered	to	provide	pain	relief.	Sedatives,	such	as	dexmedetomi-
dine,	benzodiazepines,	and	propofol,	are	given	to	sedate	the	
patient,	reduce	anxiety,	and	promote	synchronous	breathing	
with	 the	 ventilator.	 Benzodiazepines	 promote	 amnesia	 but	
are	 also	 associated	 with	 an	 increase	 in	 delirium.33	 Patients	
who	have	acute	lung	injury	or	increased	intracranial	pressure,	

NURSING INTERVENTIONS RATIONALES

• Implementstrategiesthatmaximizetoleranceofweaning:
• Titratesedationandanalgesiatoalevelatwhichpatient

iscalmandcooperativewithabsenceofrespiratory
depression

• Schedulewhenpatientisrested
• Avoidotherproceduresduringweaning
• Positionpatientuprighttoallowforfullexpansionwith

abdominalcompressionondiaphragm
• Promotenormalsleep-wakecycle
• Limitvisitorstosupportivepersons
• Coachthroughperiodsofanxiety

• Strategiesassistinensuringthatpatientisrested,withan
adequatelevelofconsciousnessanddecreasedanxiety
andinanoptimalpositionforlungexpansion;weaning
effortswillbemaximized

• Terminateweaningifpatientisunabletotoleratethe
process(seeBox9-11)

• Maintainadequateventilationandgasexchange;prevent
fatigueofrespiratorymuscles

• Considerreferringpatientswithprolongedventilator
dependencetoanalternativesetting

• Alternativesettingsspecializeinweaningpatientswhoare
“difficulttowean”

NURSING CARE PLAN—cont’d
for the Mechanically Ventilated Patient

ABG,Arterialbloodgas;CO,cardiacoutput;CO2,carbondioxide;ETT,endotrachealtube;FiO2,fractionofinspiredoxygen;ICU,intensivecare
unit;PEEP,positiveend-expiratorypressure;PIP,peakinspiratorypressure;PS,pressuresupport;RR,respiratoryrate;SpO2,oxygen
saturationasmeasuredbypulseoximetry;VT,tidalvolume;WNL,withinnormallimits.
BasedondatafromGulanickM,&MyersJL.(2011).Nursing Care Plans: Diagnoses, Interventions, and Outcomes(7thed.).St.Louis:Mosby.
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or	who	require	nontraditional	modes	of	mechanical	ventila-
tion	may	require	deep	sedation	or	therapeutic	paralysis	with	
neuromuscular	blocking	agents.	Chemical	paralysis	must	be	
discontinued	 before	 attempting	 to	 wean	 the	 patient	 from	
mechanical	ventilation.33

When	 sedation	 of	 the	 mechanically	 ventilated	 patient	 is	
indicated	it	must	be	titrated	to	a	specific	goal	agreed	upon	by	
the	 multiprofessional	 team.	 Insufficient	 sedation	 may	 pre-
cipitate	ventilator	dyssynchrony	and	physiological	alterations	
in	thoracic	pressures	and	gas	exchange.	Inadequate	sedation	
is	 also	associated	with	unplanned	extubation.	Oversedation	
and	prolonged	sedation	are	associated	with	a	longer	duration	
of	mechanical	ventilation	and	 lengths	of	 stay	 in	 the	critical	
care	unit	 and	hospital.36	 Prolonged	 duration	 of	mechanical	
ventilation	 predisposes	 the	 patient	 to	 an	 increased	 risk	 of	
VAP,	lung	injury,	and	other	complications.	Depth	of	sedation	
also	contributes	to	delayed	weaning	from	mechanical	ventila-
tion.	Since	sedation,	duration	of	mechanical	ventilation,	and	
ventilator	 weaning	 are	 tightly	 interrelated,	 the	 nurse	 must	
ensure	that	the	patient	is	maintained	on	the	lowest	dose	and	
lightest	 level	 of	 sedation	 as	 possible.	 “Daily	 interruption,”	
“sedation	 vacation,”	 or	 a	“spontaneous	 awakening	 trial”	 to	
evaluate	 the	 patient’s	 cognitive	 status,	 to	 reduce	 the	 overall	
dose	of	sedation,	and	to	determine	what	dose,	if	any,	sedation	
is	needed	to	achieve	a	calm,	cooperative	patient	is	an	impor-
tant	 nursing	 intervention.33,37	 Optimal	 sedation	 of	 the	 me-
chanically	ventilated	patient	 is	present	when	the	patient	re-
sides	at	a	state	in	which	patient-ventilator	harmony	exists	and	
the	patient	remains	capable	of	taking	spontaneous	breaths	in	
readiness	 for	weaning,	when	appropriate.37,38	Some	patients	
may	achieve	this	state	without	sedative	agents.	Administering	
sedatives	 intermittently	and	as	needed	rather	 than	continu-
ously	is	another	strategy	the	nurse	should	consider.

Nonpharmacological Interventions
Nonpharmacological,	complementary,	and	alternative	medi-
cine	 strategies	 can	 be	 used	 to	 reduce	 distress,	 promote		
patient-ventilator	synchrony,	and	maintain	a	normal	cogni-
tive	 state.67	The	nurse	creates	a	healing	environment	by	 in-
volving	the	patient	and	family	 in	the	plan	of	care,	reducing	
excess	 noise	 and	 light	 stimulation,	 providing	 a	 reassuring	
presence,	and	minimizing	unnecessary	patient	stimulation	to	
promoting	a	normal	sleep-wake	cycle.	Adequate	rest	and	fre-
quent	reorientation	are	also	important	for	the	prevention	of	
delirium.	A	progressive	mobility	plan	reduces	deconditioning	
and	promotes	endurance	of	the	respiratory	muscles	to	facili-
tate	ventilator	liberation.	Daytime	exercise	may	also	promote	
a	more	restful	nighttime	sleep.

Complementary	 and	 alternative	 strategies	 may	 also	 be	
helpful	in	reducing	distress	and	promoting	rest.	Examples	of	
these	 strategies	 include	meditation,	guided	 imagery	and	re-
laxation,	prayer,	music	therapy,	massage,	accupressure,	thera-
peutic	touch,	herbal	products	and	dietary	supplements,	and	
presence.67	Nurses	should	ask	the	family	and	patient	if	they	
are	already	using	complementary	strategies	and,	if	so,	incor-
porate	them	as	possible.	The	goal	of	learning	to	incorporate	
these	 therapies	 into	 practice	 is	 to	 reduce	 patient	 distress,		

promote	sleep,	and	create	a	healing	environment	conducive	
to	reducing	ventilator	days.

WEANING PATIENTS FROM MECHANICAL 
VENTILATION
Mechanical	 ventilation	 is	 a	 therapy	 designed	 to	 support	 the	
respiratory	 system	 until	 the	 underlying	 disease	 or	 indication	
for	 mechanical	 ventilation	 is	 resolved.	 The	 team	 caring	 for		
a	 ventilated	 patient	 should	 always	 be	 planning	 for	 how	 the	
patient	will	be	weaned	or	“liberated”	from	the	ventilator.	An-
other	term	for	liberation	is	discontinuation	of	ventilator	sup-
port.	 In	 general,	 patients	 who	 require	 short-term	 ventilatory	
support,	defined	as	3	days	or	less	of	mechanical	ventilation,	are	
weaned	quickly.9,40	Conversely,	weaning	patients	who	require	
long-term	ventilatory	support,	is	usually	a	slower	process	and	
may	be	characterized	by	periods	of	success	as	well	as	setbacks.	
Reduction	 of	 ventilator	 support	 can	 be	 done	 as	 the	 patient	
demonstrates	the	ability	to	resume	part	of	or	all	of	the	WOB.

Approach to Weaning Using Best Evidence
A	systematic	 approach	 to	weaning	 is	 indicated	 for	patients.	
Based	on	a	comprehensive	review	of	the	research,	evidenced-
based	guidelines	 for	ventilator	weaning	were	developed.39-41	
Box	 9-9	 summarizes	 these	 guidelines.	 Weaning	 protocols	
managed	 by	 nurses	 and	 RTs,	 as	 compared	 with	 traditional	
weaning	directed	by	physicians,	result	in	a	reduction	of	ven-
tilator	days	and	shorter	stays	in	the	ICU	and	hospital.37	The	
protocol	should	clearly	define	the	method	or	screening	tool	
to	determine	the	patient’s	readiness	to	wean,	the	method	and	
duration	of	the	weaning	trial,	and	when	to	terminate	a	wean-
ing	trial	versus	proceed	with	requesting	an	order	for	extuba-
tion.	The	weaning	plan	should	include	methods	to	facilitate	
respiratory	muscle	work	along	with	adequate	rest.40,51	See	the	
box,	“QSEN	Exemplar,”	for	an	example	of	teamwork	and	col-
laboration	during	the	weaning	process.

Assessment for Readiness to Wean  
(Wean Screen)
Before	initiating	the	weaning	trial,	the	patient	is	screened	for	
readiness	 using	 parameters	 that	 have	 been	 associated	 with	
ventilator	 discontinuation	 success	 (Box	 9-10).	 Weaning	 as-
sessment	tools	are	useful	in	assessing	a	patient’s	strengths	and	
factors	 that	 may	 interfere	 with	 successful	 weaning.	 Patients	
are	usually	able	to	wean	when	the	underlying	disease	process	
is	 resolving,	 they	 are	 hemodynamically	 stable,	 and	 they	 are	
able	 to	 initiate	an	 inspiratory	effort.40	Therefore	assessment	
of	 the	 neurological,	 cardiovascular,	 and	 respiratory	 systems	
provides	a	sufficient	screen	in	most	patients	requiring	a	ven-
tilator	for	only	a	short	period.

Patients	 who	 require	 long-term	 mechanical	 ventilation	
(.72	hours)	may	have	more	physiological	factors	that	affect	
weaning,	such	as	inadequate	nutrition	and	respiratory	muscle	
deconditioning.	A	tool	that	provides	a	more	comprehensive	or	
multidimensional	assessment	of	weaning	readiness,	as	well	as	
a	baseline	score	from	which	to	measure	patient	progress	once	
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 1. Identify causes for ventilator dependence if the patient
requiresventilationforlongerthan24hours.

 2. Conductaformalassessmenttodetermineahighpoten-
tialforsuccessfulweaning:
• Evidenceofreversalofunderlyingcauseofrespiratory

failure
• Adequate oxygenation (PaO2/FiO2 .150-200; positive

end-expiratory pressure ,5-8 cm H2O; FiO2 ,0.4-0.5)
andpH(.7.25)

• Hemodynamicstability
• Abletoinitiateaninspiratoryeffort

 3. Conductaspontaneousbreathingtrial(SBT).DuringtheSBT,
evaluaterespiratorypattern,adequacyofgasexchange,he-
modynamicstability,andcomfort.Apatientwhotoleratesa
SBTfor30to120minutesshouldbeconsideredforperma-
nentventilatordiscontinuation.

 4. IfapatientfailsanSBT,determinethecauseforthefailed
trial.Provideamethodofventilatorysupportthatisnonfa-
tiguing and comfortable. Correct reversible causes, and
attemptaSBTevery24hoursifthepatientmeetsweaning
criteria.

 5. Assessairwaypatencyandtheabilityofthepatienttopro-
tecttheairwaytodeterminewhethertoremovetheartificial
airwayfromapatientwhohasbeensuccessfullyweaned.

 6. Inpostsurgicalpatients,provideanesthesia/sedationstrate-
giesandventilatormanagementaimedatearlyextubation.

 7. Developweaningprotocolsthatthenurseandrespiratory
therapistcanimplement.

 8. Consideratracheostomywhenitbecomesapparentthat
the patient will require prolonged ventilator assistance.
Patients with the following conditions may benefit most
fromearlytracheostomy:
• Highlevelsofsedation
• Marginalrespiratorymechanics(e.g.,tachypnea)associ-

atedwithworkofbreathing
• Psychologicalbenefitfromabilitytoeatandspeak
• Enhanced mobility to promote physical therapy efforts

andpsychologicalsupport
 9. Conduct slow-paced weaning in a patient who requires

prolongedmechanicalventilation.Weanapatientto50%
ofmaximumventilatorsupportbeforedailySBT.Theniniti-
ateSBTswithgradualincreaseindurationoftheSBT.

 10. Unlessevidenceofirreversiblediseaseexists(e.g.,highcer-
vicalspineinjury),donotconsiderapatienttobeventilator
dependentuntil3monthsofweaningattemptshavefailed.

 11. Transferapatientwhohasfailedweaningattemptsbutis
medicallystabletoafacilitythatspecializeinmanagement
ofventilator-dependentpatients.

QSEN EXEMPLAR
Teamwork and Collaboration

Successful weaning of patients from mechanical ventilation
requires a team approach. Led by a clinical nurse specialist
(CNS), a hospital established a multiprofessional ventilator
teamcomposedofapulmonologist,criticalcarenurses,step-
down unit nurses, respiratory therapist, speech therapist,
physical therapist, clinical pharmacist, case manager, social
worker, chaplain, and home care personnel. Every patient in
the facility who was mechanically ventilated for more than
3daysreceivedacomprehensiveevaluationbytheCNS.The
CNSmetwith thepatient, family,physician,andunitstaff to
identify potential issues that could impact the weaning pro-
cess. Patients meeting criteria were then presented at the
weekly “Vent Team” meeting. Individualized weaning plans
weredevelopedforeachpatient.Additionalconcernsrelatedto

mechanicalventilationincludingnutrition,communication,mo-
bilityandfunction,painandanxiety,infectionrisk,patientand
family coping, end-of-life concerns, spirituality, and discharge
preparationwereaddressed,andplansofcareweremodified
as required. Patient outcomes included improved transitions
betweennursingunits,reduction inventilatordays,reduction
inventilator-acquiredpneumonia,and reduced lengthofstay.
Teammembersproactivelyworkedwithpatientsandfamilies
to address end-of-life issues and to plan terminal weaning
as appropriate. A team approach was used to transition pa-
tientswhorequiredongoingmechanicalventilation forcondi-
tionssuchasamytrophiclateralsclerosisandspinalcordinjury
tothecareofthefamilyproviderinthehomesetting.

BOX 9-9   EVIDENCE-BASED GUIDELINES FOR WEANING FROM MECHANICAL 
VENTILATION

FiO2,Fractionofinspiredoxygen;PaO2,partialpressureofoxygeninarterialblood;SBT,spontaneousbreathingtrial.
BasedondatafromMacIntyreN.(2009).Discontinuingmechanicalventilatorysupport.InNRMacintyreandRDBranson(Eds.)Mechanical 
Ventilation2nded.,St.Louis:SaundersElsevier,pp.317-324;MacIntyreN,CookD,&ElyE.(2001).Evidence-basedguidelinesforweaning
anddiscontinuingmechanicalventilatorysupport:AcollectivetaskforcefacilitatedbytheAmericanCollegeofChestPhysicians;theAmerican
AssociationforRespiratoryCare;andtheAmericanCollegeofCriticalCareMedicine.Chest, 120,375S-395S;MacIntyreNR.(2004).
Evidence-basedventilatorweaninganddiscontinuation.Respiratory Care, 49,830-836.
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Underlying Cause for Mechanical Ventilation Resolved
• Improvedchestx-rayfindings
• Minimalsecretions
• Normalbreathsounds

Hemodynamic Stability; Adequate Cardiac Output
• Absenceofhypotension
• Minimalvasopressortherapy

Adequate Respiratory Muscle Strength
• Respiratoryrate,25-30breaths/min
• Negativeinspiratorypressureorforcethatexceeds220cm

H2O
• Spontaneoustidalvolume5mL/kg
• Vitalcapacity10-15mL/kg
• Minuteventilation5-10L/min
• Rapidshallowbreathingindex,105

Adequate Oxygenation Without a High FiO2 and/or a 
High PEEP
• PaO2.60mmHgwithFiO20.4-0.5
• PaO2/FiO2.150-200
• PEEP,5-8cmH2O

Absence of Factors that Impair Weaning
• Infection
• Anemia
• Fever
• Sleepdeprivation
• Pain
• Abdominaldistention;bowelabnormalities(diarrheaorcon-

stipation)
• Mentalreadinesstowean:calm,minimalanxiety,motivated
• Minimalneedforsedativesandothermedicationsthatmay

causerespiratorydepression

FiO2,Fractionofinspiredoxygen;PaO2,partialpressureofoxygeninarterialblood;PEEP,positiveend-expiratorypressure.

weaning	 is	 begun,	 is	 the	 Burns	 Wean	 Assessment	 Program	
(BWAP).	The	BWAP	has	been	scientifically	tested	in	critically	
ill	patients.9	The	BWAP	evaluates	nonpulmonary	factors	that	
impact	 weaning	 success,	 such	 as	 hematocrit;	 fluids,	 electro-
lytes,	 and	 nutrition;	 anxiety,	 pain,	 and	 rest;	 bowel	 function;	
and	 physical	 conditioning	 and	 mobility.	 Pulmonary	 factors	
assessed	with	the	BWAP	include	RR	and	pattern;	secretions;	
neuromuscular	disease	and	deformities;	airway	size	and	clear-
ance;	and	ABGs.

The	nurse	must	collaborate	with	RT	and	physician,	using	
data	and	weaning	assessment	 tools	 to	 identify	 readiness	 for	
weaning	and	factors	that	may	impede	successful	weaning.37,52	
When	a	patient	continues	to	not	be	ready	to	wean	or	is	not	
successful	at	a	weaning	trial,	these	factors	should	be	assessed	
and	optimized	to	promote	patient	success	in	future	weaning	
endeavors.

Weaning Process (Weaning Trial)
Table	 9-5	 describes	 weaning	 methods.	 Patients	 are	 assessed	
and	 monitored	 throughout	 the	 weaning	 process;	 therefore	
the	nurse	must	organize	work	to	remain	vigilant	throughout	
the	 trial.	Four	methods	of	 reducing	ventilatory	 support	are	
used:	 SIMV,	 PS,	 T-piece,	 or	 CPAP.	 Studies	 do	 not	 demon-
strate	one	method	to	be	superior	to	the	others;	however,	they	
do	show	that	weaning	takes	longer	with	SIMV.5,20,40	Current	
evidenced-based	practice	guidelines	recommend	the	use	of	a	
spontaneous	breathing	trial	(SBT)	for	weaning.	PS,	T-piece,	
and	CPAP	qualify	as	spontaneous	breathing	modes,	whereas	
SIMV,	because	of	 the	provision	of	mandatory	breaths,	does	
not.	The	SBT	for	up	to	2	hours	(90	to	120	minutes)	provides	
a	direct	assessment	of	spontaneous	breathing	capabilities	and	

has	been	shown	to	be	the	most	effective	way	to	shorten	the	
ventilator	discontinuation	process.40

The	weaning	procedure	is	explained	to	the	patient	and	fam-
ily	in	a	manner	that	promotes	reassurance	and	minimizes	anxi-
ety.	 The	 patient	 should	 be	 adequately	 rested	 and	 positioned	
optimally	for	diaphragm	function	and	lung	expansion,	such	as	
sitting.	 Baseline	 parameters	 are	 obtained:	 vital	 signs,	 heart	
rhythm,	 ABGs	 or	 pulse	 oximetry/ETCO2	 values,	 and	 neuro-
logical	 status.	 The	 patient	 is	 monitored	 during	 the	 weaning	
process	for	tolerance	or	intolerance	to	the	procedure.	Although	
the	 patient	 is	 required	 to	 increase	 participation	 in	 the	WOB,	
caregivers	 must	 ensure	 that	 the	 patient	 does	 not	 become		
fatigued	 by	 the	 weaning	 effort	 and	 become	 compromised.8,35	
Box	 9-11	 provides	 a	 list	 of	 physiological	 parameters	 that	 are	
monitored	 to	 identify	 that	 the	 patient	 is	 not	 tolerating	 the	
weaning	process.	If	these	signs	of	intolerance	develop,	the	wean-
ing	 trial	 is	 stopped	 and	 mechanical	 ventilation	 is	 resumed	 at	
ventilator	settings	that	provide	full	ventilatory	support.52

Many	respiratory	and	nonrespiratory	factors	can	impact	
weaning	success.	Increased	oxygen	demands	occur	with	in-
fection,	fever,	anemia,	pain,	or	asking	the	patient	to	perform	
another	 activity	 such	 as	 physical	 therapy	 during	 the	 trial,	
and	can	impair	weaning.	Other	factors	to	assess	for	are	de-
creased	respiratory	performance	from	malnutrition,	overuse	
of	sedatives	or	hypnotics,	sleep	deprivation,	and	abdominal	
distention.	Factors	 involving	equipment	or	technique,	such	
as	time	of	day	or	method	for	weaning,	should	also	be	exam-
ined.	Psychological	factors	to	evaluate	include	apprehension	
and	fear,	helplessness,	and	depression.28,67	Each	factor	should	
be	systematically	assessed	and	optimized	to	promote	wean-
ing	success.

BOX 9-10   ASSESSMENT PARAMETERS INDICATING READINESS TO WEAN
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WEANING TECHNIQUE

MODE DESCRIPTION STRATEGIES

Spontaneous Breathing Trial 
Gradualreconditioningthrough

trialsofspontaneousbreathing
effort

Everybreathisspontaneousandpatientper-
formsalltheworkofbreathing

Attemptdailyifpatientpassesweanscreen
Successfulwhenpatientremainsstablefor

90-120minutes

Alternatingperiodsofrestingonfullven-
tilatorsupportwithadvancingperiods
ofgraduallyreducedsupport

Ratioofrestperiodstotimeontrial
basedonpatient’sresponse

Amountoftimetoliberatepatientvaries;
maybedaystoweeks

Indicatedforsignificantlydeconditioned
patients

Pressure Support 
Providesinspiratorysupportto

overcomeresistancetogasflow
throughventilatorcircuitand
artificialairway

PSof5cmH2O1 5cmH2OPEEP BeginatlevelofPSthatensuresnormal
RRandVT

GradualreductioninPSin2-5cmH2O
increments

Graduallylengthenintervalsatreduced
levelsofsupport

Discontinuewhenpatientstablefor
2hoursorlongerat5cmH2OPS

T-Piece
PatientperformsalltheWOB
Noventilatoralarmsforapnea,

decreasedVT,etc.

Removepatientfromventilatorandprovide
humidifiedoxygenviaaT-pieceadaptorat-
tachedtotheETTortracheostomytube

Maystartwithtrialasshortas5minutes
IncreasetimeonT-pieceastolerated

withadequaterestperiods(6-8hours)
onfullventilatorysupport

Discontinuewhenpatientstableon
T-pieceforatleast2hours,oftenlonger

CPAP
UsefulwhenpatientrequiresPEEP

tomaintainoxygenation
PatientperformsalltheWOB
Ventilatorwillprovidealarmsforap-

nea,highRR,orlowEVT

CPAPof5cmH2O CPAPof5cmH2O
Maystartwithtrialasshortas5minutes
IncreasetimeonCPAPastoleratedwith

adequaterestperiods(6-8hours)on
fullventilatorysupport

Discontinuewhenpatientstableon
CPAPforatleast2hours,oftenlonger

SIMV Notapplicable,notaspontaneousbreathing
mode

Decreasethenumberofmandatory
(machine)breathsinincrementsof2as
tolerated

Discontinuewhenpatientstableon
SIMVof2-4for2hours,oftenlonger

Respiratory
• Respiratoryrate.35breaths/minor,8breaths/min
• SpontaneousVT,5mL/kgidealbodyweight
• Laboredrespirations
• Useofaccessorymuscles
• Abnormalbreathingpattern:chest/abdominalasynchrony
• Oxygensaturation,90%

Cardiovascular
• Heartratechangesmorethan20%frombaseline
• Dysrhythmias (e.g., premature ventricular contractions or

bradycardia)
• Ischemia:ST-segmentelevation
• Bloodpressurechangesmorethan20%frombaseline
• Diaphoresis

Neurological
• Agitation,anxiety
• Decreasedlevelofconsciousness
• Subjectivediscomfort

TABLE 9-5  WEANING METHODS

cm H2O,Centimetersofwater; CPAP, continuouspositiveairwaypressure;ETT, endotrachealtube;EVT,exhaledtidalvolume;PEEP, positive
end-expiratorypressure;PS, pressuresupport;RR, respiratoryrate;SIMV, synchronousintermittentmandatoryventilation;VT,tidalvolume;
WOB,workofbreathing.

BOX 9-11   CRITERIA FOR DISCONTINUING WEANING

VT,Tidalvolume.
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Extubation
If	 the	 patient	 demonstrates	 tolerance	 to	 the	 weaning	 pro-
cedure	 and	 can	 sustain	 spontaneous	 breathing	 for	 90	 to		
120	minutes,	then	the	second	step	to	ventilator	discontinua-
tion,	 the	 decision	 to	 extubate	 (remove	 the	 ETT),	 may	 be	
made.	Consideration	must	be	given	to	the	need	for	the	airway	
for	 secretion	 clearance;	 therefore	 the	 patient	 must	 have	 a	
good	 cough	 and	 require	 suctioning	 no	 more	 than	 every		
2	hours.	If	the	patient	has	a	tracheostomy,	the	patient	may	be	

liberated	from	the	ventilator	but	the	tracheostomy	is	main-
tained	to	facilitated	airway	clearance.	If	the	decision	is	made	
to	extubate,	the	ETT	should	be	suctioned	thoroughly	before	
removal.	 Secretions	 that	 may	 have	 pooled	 above	 the	 cuff	
should	be	aspirated,	the	balloon	of	the	ETT	is	deflated,	and	
the	 ETT	 is	 removed	 during	 inspiration.11,50,66	 Once	 extu-
bated,	the	patient	is	assessed	for	stridor,	hoarseness,	changes	
in	 vital	 signs,	 or	 low	 SpO2,	 which	 may	 indicate	 complica-
tions.63	Noninvasive	ventilation	may	be	used	to	avert	reintu-
bation	in	some	patients.41

time,	 even	 though	 you	 have	 just	 suctioned	 the	 patient.	
What	nursing	assessments	and	potential	 actions	are	war-
ranted	at	this	time?

 4. You	 are	 caring	 for	 a	 patient	 who	 has	 been	 mechanically	
ventilated	for	2	weeks.	Physically,	the	patient	meets	all	the	
criteria	 to	 begin	 weaning	 from	 mechanical	 ventilation.	
What	parameters	should	the	nurse	monitor	to	assess	toler-
ance	of	weaning?

 5. Your	patient	is	being	ventilated	with	noninvasive	positive-
pressure	 ventilation	 with	 a	 nasal	 mask.	 The	 patient	 is	
mouth	 breathing	 and	 the	 ventilator	 is	 alarming	 low	 ex-
haled	tidal	volume.	What	 interventions	should	the	nurse	
take	to	ensure	the	patient	receives	adequate	ventilation?

S U M M A R Y

C R I T I C A L  T H I N K I N G  E X E R C I S E S

Skills	 in	 establishing	 and	 maintaining	 a	 patent	 airway,	 pro-
viding	oxygen	therapy,	initiating	mechanical	ventilation,	and	
ongoing	 patient	 assessment	 are	 essential	 for	 critical	 care	
nurses.	Care	of	the	patient	requiring	mechanical	ventilation	

is	 common	 practice	 in	 the	 critical	 care	 unit;	 therefore	 it	 is	
essential	 that	the	nurse	apply	knowledge	and	skills	 to	effec-
tively	care	for	these	vulnerable	patients.

 1. Based	 on	 your	 knowledge	 of	 clinical	 disorders,	 identify	
different	 clinical	 conditions	 that	 could	 cause	 problems	
with	the	following	steps	in	gas	exchange:
 a. Ventilation
 b. Diffusion
 c. Perfusion	(transportation)

 2. Your	patient	has	 the	 following	arterial	blood	gas	 results:	
pH,	7.28;	PaO2,	52	mm	Hg;	SaO2,	84%;	PaCO2,	55	mm	Hg;	
HCO3

2,	24	mEq/L.
 a. What	is	your	interpretation	of	this	arterial	blood	gas?
 b. What	clinical	condition	or	conditions	could	cause	the	

patient	to	have	these	arterial	blood	gas	results?
 3. Your	patient	requires	mechanical	ventilation	for	treatment.	

The	pressure	alarm	keeps	going	off	for	a	few	seconds	at	a	

CASE STUDY
Mr.P.,age65years,wastransferredtothecriticalcareunitfrom
theemergencydepartmentaftersuccessfulresuscitationfrom
a cardiac arrest sustained out of the hospital. Initial diagnosis
based on laboratory results and electrocardiography is acute
anterior myocardial infarction. It is suspected that Mr. P. aspi-
ratedgastric contentsduring the cardiac arrest.Heopenshis
eyestopainfulstimuli.Heisorallyintubatedandreceivingme-
chanical ventilation. He is on assist-control ventilation, respira-
toryratesetat12breaths/min,FiO2of0.40,PEEP5cmH2O,VT
700mL.Anarterialbloodgasisdrawnuponarrivaltothecritical
careunitandshowsthefollowingvalues:pH,7.33;PaCO2,40mm
Hg; HCO3

2, 20 mEq/L; PaO2, 88 mm Hg; and SaO2, 99%. A
decision ismade tomaintain the initial ventilatorsettings.The
followingday,Mr.P.’schestradiographshowsprogressiveinfil-
trates.Hisoxygensaturationisdroppingbelow90%andheis
demonstrating signs of hypoxemia: increased heart rate and

prematureventricularcontractions.Arterialbloodgasanalysisat
thistimeshowspH,7.35;PaCO2,43mmHg;HCO3

2,26mEq/L;
PaO2,58mmHg;andSaO2,88%.ThephysicianorderstheFiO2
increasedto0.50,andPEEPincreasedto10cmH2O.

Questions
 1. What were the results of Mr. P.’s first arterial blood gas

analysis?Whatfactorsarecontributingtotheseresults?
 2. What factor is contributing to Mr. P.’s worsening condition

thedayafterhospitaladmission?
 3. Interpretthearterialbloodgasesdonethedayafterthecar-

diacarrest.
 4. Whydidthephysicianchangetheventilatorsettingsafterthe

secondsetofarterialbloodgases?
 5. WhatmustthenurseassessaftertheadditionofthePEEP?

WhyisthisespeciallyimportantforMr.P.?
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