
250

Shock, Sepsis, and Multiple Organ 
Dysfunction Syndrome

Kathleen Hill, MSN, RN, CCNS-CSC

•	 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
Shock	is	a	clinical	syndrome	characterized	by	inadequate	tis-
sue	perfusion	that	results	in	cellular,	metabolic,	and	hemody-
namic	derangements.	Impaired	tissue	perfusion	occurs	when	
there	is	an	imbalance	between	cellular	oxygen	supply	and	cel-
lular	oxygen	demand.	Shock	can	result	from	ineffective	car-
diac	function,	inadequate	blood	volume,	or	inadequate	vas-
cular	tone.	The	effects	of	shock	are	not	isolated	to	one	organ	
system;	instead,	all	body	systems	may	be	affected.	Shock	can	
progress	 to	 organ	 failure	 and	 death	 unless	 compensatory	
mechanisms	reverse	the	process,	or	clinical	interventions	are	
successfully	 implemented.	 Shock	 frequently	 results	 in	 sys-
temic	inflammatory	response	syndrome	(SIRS)	and	multiple	
organ	 dysfunction	 syndrome	 (MODS).	 Shock	 is	 associated	
with	 many	 causes	 and	 a	 variety	 of	 clinical	 manifestations.	
Patient	responses	to	shock	and	treatment	strategies	vary,	thus	
presenting	a	challenge	to	the	healthcare	team	in	assessment	
and	management.

This	chapter	discusses	the	various	clinical	conditions	that	
create	 the	 shock	 state	 including	 hypovolemia,	 cardiogenic	
shock,	distributive	shock	(anaphylactic,	neurogenic,	and	sep-
tic	shock),	and	obstructive	shock.	The	progression	of	shock	
to	SIRS	and	MODS	 is	also	described.	The	pathophysiology,	
clinical	presentation,	and	definitive	and	supportive	manage-
ment	of	each	type	of	shock	state	are	reviewed.

REVIEW OF ANATOMY AND PHYSIOLOGY
The	cardiovascular	system	is	a	closed,	interdependent	system	
composed	of	the	heart,	blood,	and	vascular	bed.	Arteries,	ar-
terioles,	 capillaries,	 venules,	 and	 veins	 make	 up	 the	 vascular	

bed.	 The	 microcirculation,	 the	 portion	 of	 the	 vascular	 bed	
between	the	arterioles	and	the	venules,	is	the	most	significant	
portion	of	the	circulatory	system	for	cell	survival.	Its	functions	
are	the	delivery	of	oxygen	and	nutrients	to	cells,	the	removal	
of	waste	products	of	cellular	metabolism,	and	the	regulation	
of	blood	volume.	In	addition,	the	vessels	of	the	microcircula-
tion	 constrict	 or	 dilate	 selectively	 to	 regulate	 blood	 flow	 to	
cells	in	need	of	oxygen	and	nutrients.

The	structure	of	the	microcirculation	differs	according	to	
the	function	of	the	tissues	and	organs	it	supplies;	however,	all	
of	the	vascular	beds	have	common	structural	characteristics	
(Figure	11-1).	As	oxygenated	blood	leaves	the	left	side	of	the	
heart	 and	 enters	 the	 aorta,	 it	 flows	 through	 progressively	
smaller	arteries	until	it	flows	into	an	arteriole.	Arterioles	are	
lined	with	smooth	muscle,	which	allows	these	small	vessels	to	
change	diameter	and,	as	a	result,	 to	direct	and	adjust	blood	
flow	 to	 the	 capillaries.	 From	 the	 arteriole,	 blood	 enters	 a		
metarteriole,	a	smaller	vessel	that	branches	from	the	arteriole	
at	right	angles.	Metarterioles	are	partially	lined	with	smooth	
muscle,	which	also	allows	them	to	adjust	diameter	size	and	to	
regulate	blood	flow	into	capillaries.

Blood	 next	 enters	 the	 capillary	 network	 by	 passing	
through	 a	 muscular	 precapillary	 sphincter.	 Capillaries	 are	
narrow,	 thin-walled	 vascular	 networks	 that	 branch	 off	 the	
metarterioles.	This	network	configuration	increases	the	sur-
face	area	to	allow	for	greater	fluid	and	nutrient	exchange.	It	
also	 decreases	 the	 velocity	 of	 the	 blood	 flow	 to	 prolong	
transport	 time	 through	 the	 capillaries.	 Capillaries	 have	 no	
contractile	 ability	 and	 are	 not	 responsive	 to	 vasoactive	
chemicals,	electrical	or	mechanical	stimulation,	or	pressure	
across	 their	 walls.	 The	 precapillary	 sphincter	 is	 the	 only	
means	 of	 regulating	 blood	 flow	 into	 a	 capillary.	When	 the	
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precapillary	sphincter	constricts,	blood	flow	is	diverted	away	
from	a	capillary	bed	and	directed	to	one	that	supplies	tissues	
in	need	of	oxygen	and	nutrients.	The	capillary	bed	lies	close	
to	the	cells	of	the	body,	a	position	that	facilitates	the	delivery	
of	oxygen	and	nutrients	to	the	cells.

Once	nutrients	are	exchanged	for	cellular	waste	products	
in	the	capillaries,	blood	enters	a	venule.	These	small	muscular	
vessels	are	able	to	dilate	and	constrict,	offering	postcapillary	
resistance	for	the	regulation	of	blood	flow	through	capillar-
ies.	Blood	 then	flows	 from	 the	venule	 and	enters	 the	 larger	
veins	of	 the	venous	system.	Another	component	of	 the	mi-
crocirculation	consists	of	the	arteriovenous	anastomoses	that	
connect	arterioles	directly	to	venules.	These	muscular	vessels	
are	able	 to	 shunt	blood	away	 from	 the	capillary	 circulation	
and	send	it	directly	to	tissues	in	need	of	oxygen	and	nutrients.

Blood	pressure	 is	determined	by	cardiac	output	and	sys-
temic	vascular	resistance	(SVR).	Blood	pressure	is	decreased	
whenever	there	is	a	decrease	in	cardiac	output	(hypovolemic,	
cardiogenic,	or	obstructive	shock)	or	SVR	(neurogenic,	ana-
phylactic,	 or	 septic	 shock).	 Changing	 pressures	 within	 the	
vessels	as	blood	moves	from	an	area	of	high	pressure	within	
the	arteries	and	passes	to	the	venous	system,	which	has	lower	
pressures,	facilitate	the	flow	of	blood.	The	force	of	resistance	
opposes	blood	flow;	thus	as	resistance	increases,	blood	flow	
decreases.	Resistance	is	determined	by	three	factors:	(1)	vessel	
length,	(2)	blood	viscosity,	and	(3)	vessel	diameter.	Increased	
resistance	 occurs	 with	 increased	 vessel	 length,	 increased	
blood	viscosity,	 and	decreased	blood	vessel	diameter.	Vessel	
diameter	is	the	most	important	determinant	of	resistance.

As	 the	pressure	of	blood	within	 the	vessel	decreases,	 the	
diameter	of	the	vessel	decreases,	resulting	in	decreased	blood	
flow.	The	critical	closing	pressure	and	the	resultant	cessation	
of	blood	flow	occur	when	blood	pressure	decreases	to	a	point	
at	which	it	is	no	longer	able	to	keep	the	vessel	open.

The	delivery	of	oxygen	to	tissues	and	cells	is	required	for	
the	 production	 of	 cellular	 energy	 (adenosine	 triphosphate	
[ATP]).	The	delivery	of	oxygen	(DO2)	requires	an	adequate	
hemoglobin	 level	 to	 carry	 oxygen,	 adequate	 functioning	 of	
the	lungs	to	oxygenate	the	blood	and	saturate	the	hemoglo-
bin	 (SaO2),	 and	 adequate	 cardiac	 functioning	 (cardiac	 out-
put)	 to	 transport	 the	 oxygenated	 blood	 to	 the	 tissues	 and	
cells.	Any	impairment	in	the	DO2,	or	any	increase	in	the	con-
sumption	of	oxygen	by	the	tissues	(VO2),	causes	a	decrease	in	
oxygen	 reserve	 (as	 indicated	 by	 the	 mixed	 venous	 oxygen	
saturation	[SvO2]),	which	may	result	in	tissue	hypoxia,	deple-
tion	of	the	supply	of	ATP,	lactic	acidosis,	organ	dysfunction,	
and	potentially	death.

Pathophysiology
Diverse	events	can	initiate	the	shock	syndrome.	Shock	be-
gins	when	the	cardiovascular	system	fails	to	function	prop-
erly	 because	 of	 an	 alteration	 in	 at	 least	 one	 of	 the	 four		
essential	 circulatory	 components:	 blood	 volume,	 myocar-
dial	contractility,	blood	flow,	or	vascular	resistance.	Under	
healthy	circumstances,	these	components	function	together	
to	 maintain	 circulatory	 homeostasis.	 When	 one	 of	 these	
components	 fails,	 the	 others	 compensate.	 However,	 as	
compensatory	mechanisms	fail,	or	if	more	than	one	of	the	
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FIGURE	11-1	 Microcirculation.(FromMcCanceKL,HuetherSE.Pathophysiology. The Biologic 
Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;2010.)
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TYPE	OF	SHOCK PHYSIOLOGICAL	ALTERATION

Hypovolemic Inadequateintravascularvolume

Cardiogenic Inadequatemyocardialcontractility

Obstructive Obstructionofbloodflow

Distributive Inadequatevasculartone
Anaphylactic
Neurogenic
Septic

circulatory	components	is	affected,	a	state	of	shock	ensues.	
Shock	states	are	classified	according	to	which	one	of	these	
components	is	adversely	affected	(Table	11-1).

Shock	is	not	a	single	clinical	entity	but	a	life-threatening	
response	 to	 alterations	 in	 circulation	 resulting	 in	 impaired	
tissue	perfusion.	As	the	delivery	of	adequate	oxygen	and	nu-
trients	decreases,	impaired	cellular	metabolism	occurs.	Cells	
convert	from	aerobic	to	anaerobic	metabolism.	Less	energy	in	
the	 form	 of	 ATP	 is	 produced.	 Lactic	 acid,	 a	 by-product	 of	
anaerobic	 metabolism,	 causes	 tissue	 acidosis.	 Cells	 in	 all		
organ	systems	require	energy	to	function,	and	this	resultant	
tissue	 acidosis	 impairs	 cellular	 metabolism.	 Shock	 is	 not		
selective	 in	 its	 effects—all	 cells,	 tissues,	 and	 organ	 systems	
suffer	as	a	result	of	the	physiological	response	to	the	stress	of	
shock	and	decreased	tissue	perfusion.	The	end	result	is	organ	
dysfunction	 because	 of	 decreased	 blood	 flow	 through	 the	
capillaries	 that	 supply	 the	 cells	 with	 oxygen	 and	 nutrients	
(Figure	11-2).

Stages of Shock
Although	 the	 response	 to	 shock	 is	 highly	 individualized,	 a	
pattern	 of	 stages	 progresses	 at	 unpredictable	 rates.	 If	 each	
stage	of	shock	 is	not	recognized	and	treated	promptly,	pro-
gression	 to	 the	 next	 stage	 occurs.	 The	 pathophysiological	
events	and	associated	clinical	findings	for	each	stage	are	sum-
marized	in	Table	11-2.

Stage I: Initiation
The	process	of	shock	is	initiated	by	subclinical	hypoperfusion	
that	 is	 caused	by	 inadequate	DO2,	 inadequate	 extraction	of	
oxygen,	or	both.	No	obvious	clinical	indications	of	hypoper-
fusion	are	noted	in	this	stage	although	hemodynamic	altera-
tions,	such	as	a	decrease	in	cardiac	output,	are	noted	if	inva-
sive	hemodynamic	monitoring	is	used	for	patient	assessment.

Stage II: Compensatory Stage
The	sustained	reduction	in	tissue	perfusion	initiates	a	set	of	
neural,	endocrine,	and	chemical	compensatory	mechanisms	
in	an	attempt	to	maintain	blood	flow	to	vital	organs	and	to	
restore	 homeostasis.	 During	 this	 stage,	 symptoms	 become	
apparent,	but	shock	may	still	be	reversed	with	minimal	mor-
bidity	if	appropriate	interventions	are	initiated.

Neural compensation.	Baroreceptors	(which	are	sensitive	
to	pressure	changes)	and	chemoreceptors	(which	are	sensitive	
to	chemical	changes)	located	in	the	carotid	sinus	and	aortic	
arch	detect	the	reduction	in	arterial	blood	pressure.	Impulses	
are	relayed	to	the	vasomotor	center	in	the	medulla	oblongata,	
stimulating	 the	 sympathetic	 branch	 of	 the	 autonomic	 ner-
vous	system	to	release	epinephrine	and	norepinephrine	from	
the	 adrenal	 medulla.	 In	 response	 to	 this	 catecholamine	 re-
lease,	 both	 heart	 rate	 and	 contractility	 increase	 to	 improve	
cardiac	 output.	 Dilation	 of	 the	 coronary	 arteries	 occurs	 to	
increase	perfusion	to	the	myocardium	to	meet	the	increased	
demands	for	oxygen.	Systemic	vasoconstriction	and	redistri-
bution	 of	 blood	 occurs.	 Arterial	 vasoconstriction	 improves	
blood	 pressure,	 whereas	 venous	 vasoconstriction	 augments	
venous	 return	 to	 the	 heart,	 increasing	 preload	 and	 cardiac	
output.	 Blood	 is	 shunted	 from	 the	 kidneys,	 gastrointestinal	
tract,	 and	 skin	 to	 the	 heart	 and	 brain.	 Bronchial	 smooth	
muscles	relax,	and	respiratory	rate	and	depth	are	 increased,	
improving	 gas	 exchange	 and	 oxygenation.	 Additional	 cate-
cholamine	 effects	 include	 increased	 blood	 glucose	 levels	 as	
the	 liver	 is	 stimulated	 to	 convert	 glycogen	 to	 glucose	 for		
energy	 production;	 dilation	 of	 pupils;	 and	 peripheral	 vaso-
constriction	 and	 increased	 sweat	 gland	 activity	 resulting	 in	
cool,	moist	skin.

Endocrine compensation.	In	response	to	the	reduction	in	
blood	 pressure,	 messages	 are	 also	 relayed	 to	 the	 hypothala-
mus,	 which	 stimulates	 the	 anterior	 and	 posterior	 pituitary	
gland.	 The	 anterior	 pituitary	 gland	 releases	 adrenocortico-
tropic	hormone	(ACTH),	which	acts	on	the	adrenal	cortex	to	
release	glucocorticoids	and	mineralocorticoids	(e.g.,	aldoste-
rone).	 Glucocorticoids	 increase	 the	 blood	 glucose	 level	 by	
increasing	 the	 conversion	 of	 glycogen	 to	 glucose	 (glycoge-
nolysis)	 and	 causing	 the	 conversion	 of	 fat	 and	 protein	 to	
glucose	 (gluconeogenesis).	 Mineralocorticoids	 act	 on	 the		
renal	tubules	causing	the	reabsorption	of	sodium	and	water,	
resulting	 in	 increased	 intravascular	 volume	 and	 blood	 pres-
sure.	The	renin-angiotensin-aldosterone	system	(Figure	11-3)	
is	stimulated	by	a	reduction	of	pressure	in	the	renal	arterioles	
of	 the	 kidneys	 and/or	 by	 a	 decrease	 in	 sodium	 levels		
as	 sensed	 by	 the	 kidney’s	 juxtaglomerular	 apparatus.	 In		
response	 to	 decreased	 renal	 perfusion,	 the	 juxtaglomerular	
apparatus	 releases	 renin.	 Renin	 circulates	 in	 the	 blood	 and	
reacts	with	angiotensinogen	to	produce	angiotensin	I.	Angio-
tensin	I	circulates	 through	the	 lungs,	where	 it	 forms	angio-
tensin	 II,	 a	 potent	 arterial	 and	 venous	 vasoconstrictor	 that	
increases	blood	pressure	and	improves	venous	return	to	the	
heart.	 Angiotensin	 II	 also	 activates	 the	 adrenal	 cortex	 to		
release	aldosterone.

Antidiuretic	hormone	(ADH)	is	released	by	the	posterior	
pituitary	gland	in	response	to	the	increased	osmolality	of	the	
blood	that	occurs	in	shock.	The	overall	effects	of	endocrine	
compensation	result	in	an	attempt	to	combat	shock	by	pro-
viding	the	body	with	glucose	for	energy	and	by	increasing	the	
intravascular	blood	volume.

TABLE 11-1  CLASSIFICATION	OF	SHOCK
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FIGURE	 11-2	 Impairment of cellular metabolism by shock. ATP, Adenosine triphosphate;
K, potassium;Na, sodium;NH4, ammonia. (FromMcCanceKL,HuetherSE.Pathophysiology. 
The Biologic Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;2010.)
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STAGE	OF	SHOCK PHYSIOLOGICAL	EVENTS CLINICAL	PRESENTATION

I:Initiation (Tissueoxygenationcausedby: Noobservableclinicalindications
(Intravascularvolume(hypovolemic) (COmaybenotedwithinvasivehemodynamic

monitoring
(Myocardialcontractility(cardiogenic)
Obstructionofbloodflow(obstructive)
(Vasculartone(distributive)
Septic(mediatorrelease)
Anaphylactic(histaminerelease)
Neurogenic(suppressionofSNS)

II:Compensatory Neural	compensation	by	SNS )Heartrate(exceptneurogenic)
)Heartrateandcontractility Narrowedpulsepressure
Vasoconstriction Rapid,deeprespirationscausingrespiratoryalkalosis
Redistributionofbloodflowfromnonessential

toessentialorgans
Thirst
Cool,moistskin

Bronchodilation Oliguria
Endocrine	compensation(RAAS,ADH,

glucocorticoidsrelease)
Diminishedbowelsounds
Restlessnessprogressingtoconfusion

Renalreabsorptionofsodium,chloride,and
water

Hyperglycemia
)Urinespecificgravityand(creatinineclearance

Vasoconstriction
Glycogenolysisandgluconeogenesis
Chemical	compensation

III:Progressive Progressivetissuehypoperfusion Dysrhythmias
Anaerobicmetabolismwithlacticacidosis (BPwithnarrowedpulsepressure
Failureofsodium-potassiumpump Tachypnea
Cellularedema Cold,clammyskin

Anuria
Absentbowelsounds
Lethargyprogressingtocoma
Hyperglycemia
)BUN,creatinine,andpotassium
Respiratoryandmetabolicacidosis

IV:Refractory Severetissuehypoxiawithischemiaandnecrosis Life-threateningdysrhythmias
Worseningacidosis Severehypotensiondespitevasopressors
SIRS Respiratoryandmetabolicacidosis
MODS Acuterespiratoryfailure

Acuterespiratorydistresssyndrome
Disseminatedintravascularcoagulation
Hepaticdysfunction/failure
Acutekidneyinjury
Myocardialischemia/infarction/failure
Cerebralischemia/infarction

ADH,Antidiuretichormone;BP,bloodpressure;BUN,bloodureanitrogen;CO,cardiacoutput;MODS,multipleorgandysfunctionsyndrome;
RAAS,renin-angiotensin-aldosteronesystem;SIRS,systemicinflammatoryresponsesyndrome;SNS,sympatheticnervoussystem.

Chemical compensation.	 As	 pulmonary	 blood	 flow	 is	
reduced,	ventilation-perfusion	imbalances	occur.	Initially,	
alveolar	ventilation	is	adequate,	but	the	perfusion	of	blood	
through	the	alveolar	capillary	bed	is	decreased.	Chemore-
ceptors	located	in	the	aorta	and	carotid	arteries	are	stimu-
lated	in	response	to	this	low	oxygen	tension	in	the	blood.	
Consequently,	the	rate	and	depth	of	respirations	increase.	
As	the	patient	hyperventilates,	carbon	dioxide	 is	excreted	

and	 respiratory	 alkalosis	 occurs.	 A	 reduction	 in	 carbon	
dioxide	 levels	 and	 the	 alkalotic	 state	 cause	 vasoconstric-
tion	of	cerebral	blood	vessels.	This	vasoconstriction,	cou-
pled	with	the	reduced	oxygen	tension,	may	lead	to	cerebral	
hypoxia	 and	 ischemia.	 The	 overall	 effects	 of	 chemical	
compensation	 result	 in	 an	 attempt	 to	 combat	 shock	 by	
increasing	oxygen	supply;	however,	cerebral	perfusion	may	
decrease.

TABLE 11-2  STAGES	OF	SHOCK
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Stage III: Progressive Stage
If	the	cause	of	hypoperfusion	is	not	corrected	or	if	the	com-
pensatory	 mechanisms	 continue	 without	 reversing	 the	
shock,	profound	hypoperfusion	results	with	further	patient	
deterioration.	 Vasoconstriction	 continues	 in	 the	 systemic	
circulation.	Although	this	effect	shunts	blood	to	vital	organs,	
the	decrease	in	blood	flow	leads	to	ischemia	in	the	extremi-
ties,	weak	or	absent	pulses,	and	altered	body	defenses.	Pro-
longed	vasoconstriction	results	in	decreased	capillary	blood	
flow	 and	 cellular	 hypoxia.	 The	 cells	 convert	 to	 anaerobic	
metabolism,	producing	lactic	acid,	which	leads	to	metabolic	
acidosis.	 Anaerobic	 metabolism	 produces	 less	 ATP	 than	
aerobic	metabolism,	which	reduces	the	energy	available	for	
cellular	metabolism.	The	 lack	of	ATP	also	causes	 failure	of	
the	sodium-potassium	pump.	Sodium	and	water	accumulate	

within	 the	 cell,	 resulting	 in	 cellular	 swelling	 and	 a	 further	
reduction	in	cellular	function.

The	microcirculation	exerts	the	opposite	effect	and	dilates	
to	 increase	 the	 blood	 supply	 to	 meet	 local	 tissue	 needs.	
Whereas	 the	 arterioles	 remain	 constricted	 in	 an	 attempt	 to	
keep	vital	organs	perfused,	the	precapillary	sphincters	relax,	
allowing	 blood	 to	 flow	 into	 the	 capillary	 bed.	 Meanwhile,	
postcapillary	sphincters	remain	constricted.	As	a	result,	blood	
flows	 freely	 into	 the	 capillary	 bed	 but	 accumulates	 in	 the	
capillaries	as	blood	flow	exiting	the	capillary	bed	is	impeded.	
Capillary	hydrostatic	pressure	increases,	and	fluid	is	pushed	
from	the	capillaries	into	the	interstitial	space,	causing	inter-
stitial	 edema.	 This	 intravascular	 to	 interstitial	 fluid	 shift	 is	
further	aggravated	by	the	release	of	histamine	and	other	in-
flammatory	 mediators	 that	 increase	 capillary	 permeability,	
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FIGURE	11-3	 Thefeedbackmechanismsregulatingaldosteronesecretion.ACTH,Adrenocorti-
cotropic hormone;cAMP, cyclic adenosinemonophosphate. (FromMcCanceKL,HuetherSE.
Pathophysiology. The Biologic Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;
2010.)
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along	 with	 the	 loss	 of	 proteins	 through	 enlarged	 capillary	
pores,	 which	 decreases	 capillary	 oncotic	 pressure.	 As	 intra-
vascular	 blood	 volume	 decreases,	 the	 blood	 becomes	 more	
viscous	and	blood	flow	is	slowed.	This	situation	causes	capil-
lary	sludging	as	red	blood	cells,	platelets,	and	proteins	clump	
together.	The	loss	of	intravascular	volume	and	capillary	pool-
ing	 further	 reduce	 venous	 return	 to	 the	 heart	 and	 cardiac	
output.

Coronary	artery	perfusion	pressure	is	decreased.	Myocar-
dial	 depressant	 factor	 (MDF)	 is	 released	 by	 the	 ischemic	
pancreas,	causing	a	decrease	in	myocardial	contractility.	Car-
diac	output,	blood	pressure,	and	tissue	perfusion	continue	to	
decrease,	contributing	to	worsening	cellular	hypoxia.	At	this	
point,	 the	 patient	 shows	 classic	 signs	 and	 symptoms	 of	
shock.	This	phase	of	shock	responds	poorly	to	fluid	replace-
ment	alone	and	requires	aggressive	interventions	if	it	is	to	be	
reversed.

Stage IV: Refractory Stage
Prolonged	inadequate	tissue	perfusion	that	is	unresponsive	to	
therapy	ultimately	contributes	to	multiple	organ	dysfunction	
and	death.	A	large	volume	of	the	blood	remains	pooled	in	the	
capillary	 bed,	 and	 the	 arterial	 blood	 pressure	 is	 too	 low	 to	
support	perfusion	of	the	vital	organs.

Dysrhythmias	occur	because	of	the	failure	of	the	sodium-
potassium	pump,	resulting	from	decreased	ATP,	hypoxemia,	
ischemia,	and	acidosis.	Cardiac	failure	may	occur	because	of	
ischemia,	acidosis,	and	the	effects	of	MDF.

Endothelial	 damage	 in	 the	 capillary	 bed	 and	 precapillary	
arterioles,	 along	 with	 damage	 to	 the	 type	 II	 pneumocytes,	
which	make	surfactant,	leads	to	acute	respiratory	distress	syn-
drome	(ARDS).	Hypoxemia	causes	hypoxemic	vasoconstriction	
of	 the	 pulmonary	 circulation	 and	 pulmonary	 hypertension.	
Ventilation-perfusion	mismatch	occurs	because	of	disturbances	
in	both	ventilation	and	perfusion.	Pulmonary	edema	may	result	
from	 disruption	 of	 the	 alveolar-capillary	 membrane,	 ARDS,	
heart	failure,	or	overaggressive	fluid	resuscitation.

When	 cerebral	 perfusion	 pressure	 is	 significantly	 im-
paired,	loss	of	autoregulation	occurs,	resulting	in	brain	isch-
emia.	 Cerebral	 infarction	 may	 occur.	 Sympathetic	 nervous	
system	 dysfunction	 results	 in	 massive	 vasodilation,	 depres-
sion	of	cardiac	and	respiratory	centers	results	in	bradycardia	
and	 bradypnea,	 and	 impaired	 thermoregulation	 results	 in	
poikilothermism.

Renal	 vasoconstriction	and	hypoperfusion	of	 the	kidney	
decreases	 the	glomerular	filtration	rate.	Prolonged	 ischemia	
causes	acute	kidney	injury	with	acute	tubular	necrosis.	Meta-
bolic	acids	accumulate	in	the	blood,	worsening	the	metabolic	
acidosis	 caused	 by	 lactic	 acid	 production	 during	 anaerobic	
metabolism.

Hypoperfusion	 damages	 the	 reticuloendothelial	 cells,	
which	recirculate	bacteria	and	cellular	debris,	thereby	predis-
posing	the	patient	to	bacteremia	and	sepsis.	Damage	to	hepa-
tocytes	causes	the	liver	to	be	unable	to	detoxify	drugs,	toxins,	
and	 hormones,	 conjugate	 bilirubin,	 or	 synthesize	 clotting	
factors.	 Hepatic	 dysfunction	 causes	 a	 decreased	 ability	 to	

mobilize	carbohydrate,	protein,	and	fat	stores,	which	results	
in	hypoglycemia.

Pancreatic	enzymes	are	released	by	the	ischemic	and	dam-
aged	pancreas.	Pancreatic	ischemia	causes	the	release	of	MDF,	
which	impairs	cardiac	contractility.	Hyperglycemia	may	occur	
because	of	endogenous	corticosteroids,	exogenous	corticoste-
roids,	or	insulin	resistance.	This	hyperglycemia	results	in	de-
hydration	 and	 electrolyte	 imbalances	 related	 to	 osmotic	 di-
uresis;	 impairment	 of	 leukocyte	 function	 causing	 decreased	
phagocytosis	and	increased	risk	of	infection;	depression	of	the	
immune	 response;	 impairment	 in	 gastric	 motility;	 shifts	 in	
substrate	availability	from	glucose	to	free	fatty	acids	or	lactate;	
negative	nitrogen	balance;	and	decreased	wound	healing.

Ischemia	and	increased	gastric	acid	production	caused	by	
glucocorticoids	increase	the	risk	of	stress	ulcer	development.	
Prolonged	vasoconstriction	and	ischemia	lead	to	the	inability	
of	the	intestinal	walls	to	act	as	intact	barriers	to	prevent	the	
migration	 of	 bacteria	 out	 of	 the	 gastrointestinal	 tract.	 This	
may	result	in	the	translocation	of	bacteria	from	the	gastroin-
testinal	tract	into	the	lymphatic	and	vascular	beds,	increasing	
the	risk	for	sepsis.

Hypoxia	 and	 release	 of	 inflammatory	 cytokines	 impair	
blood	flow	and	result	in	microvascular	thrombosis.	Sluggish	
blood	flow,	massive	tissue	trauma,	and	consumption	of	clot-
ting	 factors	 may	 cause	 disseminated	 intravascular	 coagula-
tion	(DIC).	The	bone	marrow	mobilizes	the	release	of	white	
blood	cells,	causing	leukocytosis	early	in	shock	and	then	leu-
kopenia	 as	 depletion	 of	 white	 blood	 cells	 in	 blood	 and	 in	
bone	marrow	occurs.	Massive	tissue	 injury	caused	by	wide-
spread	 ischemia	 stimulates	 the	 development	 of	 a	 systemic	
inflammatory	response	syndrome	(SIRS)	with	a	massive	re-
lease	of	mediators	of	the	inflammatory	process.

Poor	renal	function,	respiratory	failure,	and	impaired	cel-
lular	function	aggravate	the	existing	state	of	acidosis,	which	
contributes	to	further	fluid	shifts,	loss	of	vasomotor	tone,	and	
relative	 hypovolemia.	 Alterations	 in	 the	 cardiovascular	 sys-
tem	and	continued	acidosis	cause	a	reduction	in	heart	rate,	
impaired	 myocardial	 contractility,	 and	 a	 further	 decrease		
in	 cardiac	 output	 and	 tissue	 perfusion.	 Cerebral	 ischemia		
occurs	because	of	the	reduction	in	cerebral	blood	flow.	Con-
sequently,	 the	sympathetic	nervous	system	is	 stimulated,	an	
effect	that	aggravates	the	existing	vasoconstriction,	increasing	
afterload	and	decreasing	cardiac	output.	Prolonged	cerebral	
ischemia	 eventually	 causes	 the	 loss	 of	 sympathetic	 nervous	
system	 response,	 and	 vasodilation	 and	 bradycardia	 result.	
The	patient’s	decreasing	blood	pressure	and	heart	rate	cause	
a	lethal	decrease	in	tissue	perfusion,	multisystem	organ	fail-
ure	 that	 is	 unresponsive	 to	 therapy,	 and	 ultimately	 brain	
death	and	cardiopulmonary	arrest.

Systemic Inflammatory Response Syndrome
SIRS	is	widespread	inflammation	that	can	occur	in	patients	
with	diverse	disorders	such	as	infection,	trauma,	shock,	pan-
creatitis,	or	ischemia.8	It	may	result	from	or	lead	to	MODS.	
SIRS	 is	most	 frequently	associated	with	 sepsis.	Sepsis	 is	de-
fined	as	infection	associated	with	SIRS.8
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The	inflammatory	cascade	maintains	homeostasis	through	
a	 balance	 between	 proinflammatory	 and	 antiinflammatory	
processes.	 Inflammation	 is	 normally	 a	 localized	 process;	
SIRS	 is	 a	 systemic	 response	 associated	 with	 the	 release	 of	
mediators.	These	mediators	cause	an	increase	in	the	perme-
ability	of	the	endothelial	wall,	shifting	fluid	from	the	intra-
vascular	space	into	extravascular	spaces,	including	the	inter-
stitial	space.	Intravascular	volume	is	reduced,	resulting	in	a	
condition	 of	 relative	 hypovolemia.	 Other	 mediators	 cause	
microvascular	 clotting,	 impaired	 fibrinolysis,	 and	 wide-
spread	vasodilation.

Effects of Aging
The	 effects	 of	 aging	 diminish	 the	 body’s	 ability	 to	 tolerate	
shock	states.	As	the	body	ages,	the	left	ventricular	wall	thick-
ens,	ventricular	 compliance	decreases,	 and	calcification	and	
fibrosis	of	 the	heart	valves	occur.	Stroke	volume	and,	resul-
tantly,	cardiac	output	are	reduced.	There	is	a	decreased	sensi-
tivity	 of	 the	 baroreceptors	 and	 a	 diminished	 heart	 rate	 re-
sponse	 to	 sympathetic	 nervous	 system	 stimulation	 in	 the	
early	stage	of	shock.	Older	adults	are	more	likely	to	be	pre-
scribed	beta-blockers,	which	also	decrease	the	heart	rate	re-
sponse.	 Arterial	 walls	 lose	 elasticity	 causing	 an	 increase	 in	
SVR,	 which	 increases	 the	 myocardial	 oxygen	 demand	 and	
decreases	 the	 responsiveness	 of	 the	 arterial	 system	 to	 the		
effects	of	catecholamines.

Aging	causes	decreased	lung	elasticity,	decreased	alveolar	
perfusion,	decreased	alveolar	surface	area,	and	thickening	of	
the	 alveolar-capillary	 membrane.	 These	 changes	 limit	 the	
body’s	 ability	 to	 increase	 blood	 oxygen	 levels	 during	 shock	
states.	 The	 ability	 of	 the	 kidney	 to	 concentrate	 urine	 de-
creases	with	age,	which	 limits	 the	body’s	ability	 to	conserve	
water	when	required.

The	immune	system	loses	effectiveness	with	age,	referred	
to	as	immunosenescence.	This	increases	the	risk	of	infection	
and	 sepsis,	 especially	 with	 illness,	 injury,	 or	 surgery.	 Older	
adults	are	also	at	greater	risk	for	anaphylaxis	since	they	have	
been	exposed	to	more	antigens	and	therefore	have	antibodies	
to	more	antigens.

ASSESSMENT
An	understanding	of	the	pathophysiology	of	shock	and	iden-
tification	of	patients	at	risk	are	essential	for	the	prevention	of	
shock.	 Assessment	 focuses	 on	 three	 areas:	 history,	 clinical	
presentation,	and	laboratory	studies.	The	logical	approach	is	
to	review	the	history	of	the	patient	and	then	assess	the	sys-
tems	 most	 sensitive	 to	 a	 lack	 of	 oxygen	 and	 nutrients.	 The	
patient’s	history	may	include	an	identifiable	predisposing	fac-
tor	or	cause	of	the	shock	state.

Clinical Presentation
Multiple	 body	 systems	 are	 affected	 by	 the	 shock	 syndrome.	
The	 clinical	 presentation	 specific	 to	 each	 classification	 of	
shock	is	discussed	later	(also	see	boxes,	“Clinical	Alert,”	and	
“Geriatric	Considerations”).

Central Nervous System
The	central	nervous	system	is	the	most	sensitive	to	changes	in	
the	supply	of	oxygen	and	nutrients.	It	is	the	first	system	affected	
by	changes	in	cellular	perfusion.	Initial	responses	of	the	central	
nervous	 system	 to	 shock	 include	 restlessness,	 agitation,	 and	
anxiety.	As	the	shock	state	progresses,	the	patient	becomes	con-
fused	and	 lethargic	because	of	 the	decreased	perfusion	to	 the	
brain.	As	shock	progresses,	the	patient	becomes	unresponsive.

Cardiovascular System
A	major	focus	of	assessment	is	blood	pressure.	It	is	important	
for	 the	nurse	 to	know	the	patient’s	baseline	blood	pressure.	

CLINICAL	ALERT

ASSESSMENT SIGNIFICANCE

Changeinvitalsigns,
hemodynamicparameters,
sensorium

Secondarytodecreased
tissueperfusionandiniti-
ationofcompensatory
mechanisms

Decreasedurineoutput,rising
BUNandcreatininelevels

Secondarytoinitiationof
compensatorymecha-
nismsanddecreased
renalperfusion

Tachypnea,hypoxemia,wors-
eningchestx-ray

Relatedtodevelopmentof
acuterespiratorydistress
syndromesecondaryto
hypoperfusion

Petechiae,ecchymosis,bleed-
ingfrompuncturesites,
overtoroccultbloodin
urine,stool,gastricaspirate,
trachealaspirate

Relatedtodevelopmentof
disseminatedintravascu-
larcoagulationsecondary
toshock,SIRS

Hypoglycemia,increasein
liverenzymes

Relatedtohepaticdys-
functionsecondaryto
hypoperfusion

BUN,Bloodureanitrogen;SIRS,systemicinflammatoryresponse
syndrome.

GERIATRIC	CONSIDERATIONS

• Decreasedskin turgormakesassessmentoffluid status
moredifficult

• Dehydration is common, and may increase the risk for
hypovolemia

• Infection iscommon in theelderlyand isoneof the top
causesofdeath;severalfactorscontributetoinfection:
• Changesinskinandmucousmembranes
• Increasedriskforinfluenza,pneumonia,cancer,andauto-

immunediseases
• Nutritionaldeficitsassociatedwithpoornutrition,weight

loss,lowalbuminlevels,poororalhygiene,andaltered
mentalstatus

• Medicationsthataffecttheimmunesystem

Shock
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During	 the	 compensatory	 stage,	 innervation	 of	 the	 sympa-
thetic	 nervous	 system	 results	 in	 an	 increase	 in	 myocardial	
contractility	and	vasoconstriction,	which	results	in	a	normal	
or	 slightly	 elevated	 systolic	 pressure,	 an	 increased	 diastolic	
pressure,	and	a	narrowed	pulse	pressure.	As	 the	 shock	state	
progresses,	the	systolic	blood	pressure	decreases,	but	the	dia-
stolic	pressure	remains	normal,	resulting	in	a	narrowed	pulse	
pressure.	This	narrowed	pulse	pressure	may	precede	changes	
in	heart	rate.10

Definitions	vary,	but	a	decrease	in	systolic	blood	pressure	
to	 less	 than	 90	 mm	 Hg	 is	 considered	 hypotensive.	 If	 the	
patient	 is	 hypertensive,	 a	 decrease	 in	 systolic	 pressure	 of		
40	 mm	 Hg	 from	 the	 usual	 systolic	 pressure	 is	 considered	
severely	 hypotensive.	 Auscultated	 blood	 pressure	 in	 shock	
may	be	significantly	inaccurate	because	of	peripheral	vaso-
constriction.	If	blood	pressure	 is	not	audible,	 the	approxi-
mate	systolic	pressure	can	be	assessed	by	palpation	or	ultra-
sound	 (Doppler)	 devices.	 If	 the	 brachial	 pulse	 is	 readily	
palpable,	 the	 approximate	 systolic	 pressure	 is	 80	 mm	 Hg.	
Corresponding	blood	pressure	for	palpation	of	the	femoral	
and	carotid	pulses	is	70	and	60	mm	Hg,	respectively.	Intra-
arterial	 pressure	 monitoring	 may	 be	 indicated	 to	 directly	
measure	 blood	 pressure	 to	 obtain	 accurate	 readings	 and	
guide	therapy.

The	 rate,	 quality,	 and	 character	 of	 major	 pulses	 (i.e.,	
carotid,	radial,	femoral,	dorsalis	pedis,	and	posterior	tibial)	
are	evaluated.	In	shock	states,	 the	pulse	 is	often	weak	and	
thready.	 The	 pulse	 rate	 is	 increased,	 usually	 greater	 than	
100	 beats	 per	 minute,	 through	 stimulation	 of	 the	 sympa-
thetic	 nervous	 system	 as	 a	 compensatory	 response	 to	 the	
decreased	cardiac	output	and	increased	demand	of	the	cells	
for	oxygen.	In	later	stages	of	shock,	the	pulse	slows,	possi-
bly	from	release	of	MDF.

Normal	 compensatory	 responses	 to	 shock	 may	 be	 al-
tered	if	the	patient	is	taking	certain	medications.	Negative	
inotropic	agents,	 such	as	propranolol	and	metoprolol,	are	
widely	used	in	the	treatment	of	angina,	hypertension,	and	
dysrhythmias.	These	agents	work	primarily	by	blocking	the	
effects	of	the	beta	branch	of	the	sympathetic	nervous	sys-
tem,	and	cause	a	decrease	in	heart	rate	and	cardiac	output.	
A	 patient	 who	 is	 taking	 these	 medications	 has	 an	 altered	
ability	 to	 respond	 to	 the	 stress	 of	 shock	 and	 may	 not	 ex-
hibit	 the	 typical	 signs	 and	 symptoms	 such	 as	 tachycardia	
and	anxiety.

Assessment	of	the	jugular	veins	provides	information	re-
garding	the	volume	and	pressure	in	the	right	side	of	the	heart.	
It	is	an	indirect	method	of	evaluating	the	central	venous	pres-
sure.	Neck	veins	are	distended	in	patients	with	obstructive	or	
cardiogenic	shock	and	are	flat	in	hypovolemic	shock.

Capillary	 refill	 assesses	 the	 ability	 of	 the	 cardiovascular	
system	to	maintain	perfusion	 to	 the	periphery.	The	normal	
response	to	pressure	on	the	nail	beds	is	blanching;	the	color	
returns	to	a	normal	pink	hue	1	to	2	seconds	after	the	pressure	
is	released.	A	delay	in	the	return	of	color	indicates	peripheral	
vasoconstriction.	Capillary	refill	provides	a	quick	assessment	
of	the	patient’s	overall	cardiovascular	status,	but	this	assess-
ment	 is	not	reliable	 in	a	patient	who	is	hypothermic	or	has	
peripheral	circulatory	problems.

A	central	venous	catheter	may	be	 inserted	 to	aid	 in	 the	
differential	diagnosis	of	 shock,	 to	administer	and	monitor	
therapies,	 and	 to	 evaluate	 the	 preload	 of	 the	 heart.	 Nor-
mally,	 the	central	venous	pressure	 (or	 right	atrial	pressure	
[RAP])	 is	 2	 to	 6	 mm	 Hg.	 When	 blood	 volume	 decreases	
(hypovolemic	shock),	or	the	vascular	capacitance	increases	
(distributive	shock),	the	central	venous	pressure	decreases.	
In	 cardiogenic	 shock,	 the	 central	 venous	 pressure	 is	 in-
creased	because	of	poor	myocardial	 contractility	and	high	
filling	 pressure	 in	 the	 ventricles.	 In	 obstructive	 shock	 sec-
ondary	to	cardiac	tamponade	or	tension	pneumothorax,	the	
central	venous	pressure	is	high.

A	pulmonary	artery	(PA)	catheter	is	a	useful	tool	for	diag-
nosing	 and	 treating	 the	 patient	 in	 shock.	 The	 risks	 associated	
with	catheter	insertion	and	central	line-associated	bloodstream	
infection	 must	 be	 weighed	 against	 the	 clinical	 information		
obtained	from	this	invasive	diagnostic	device	(see	box,	“QSEN	
Exemplar”).	 The	 PA	 catheter	 can	 give	 information	 regarding	
cardiac	dynamics,	fluid	balance,	and	effects	of	vasoactive	agents.	
Preload,	which	is	measured	by	RAP	for	the	right	ventricle	and	by	
the	 pulmonary	 artery	 occlusion	 pressure	 (PAOP)	 for	 the	 left	
ventricle,	 is	 used	 to	 assess	 fluid	 balance.	 Cardiac	 output	 and		
index,	 afterload,	 and	 stroke	 work	 indices	 can	 also	 be	 assessed	
with	 a	 PA	 catheter	 (refer	 to	 Chapter	 8).	 Table	 11-3	 describes	
hemodynamic	 values	 and	 alterations	 in	 each	 classification	 of	
shock.	 Critical	 care	 management	 involves	 optimizing	 cardiac	

QSEN	EXEMPLAR
Quality Improvement

Centralline–associatedbloodstreaminfections(CLABSI)and
ventilator-associated pneumonia (VAP) are common causes
ofmorbidityandmortalityincriticallyillpatients.TheRhode
IslandCollaborativeisapartnershipof11hospitalsincluding
23criticalcareunitsthatsoughttostudyoutcomesofbun-
dled infectionprevention interventions.Bestpracticeproto-
colswereselectedbaseduponaMichigan-basedqualityim-
provement project. Interventions associated with CLABSI
prevention included: hand washing, full barrier precautions
during central line insertion, chlorhexidine skin cleansing,
avoidance of femoral insertion sites, and timely removal of
unnecessary central line catheters. Head-of-the-bed eleva-
tion,deepveinthrombosisprophylaxis,gastriculcerprophy-
laxis, daily assessment for weaning appropriateness, and
appropriatemanagementofsedationcomprisedVAPpreven-
tative strategies. Additionally, a comprehensive safety pro-
gramwasimplementedineachparticipatingunit.Inaneffort
to promote a culture of safety, practitioners were empow-
eredtostopprocedureswheresafetywaspotentiallycom-
promised.The bundled intervention protocols were associ-
atedwithsignificant,sustainedstatewidedeclinesinCLABSI
andVAPrates,thusreducingtheriskforsepsis.
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HEMODYNAMIC	
PARAMETER,	
NORMAL	
VALUE HYPOVOLEMIC CARDIOGENIC OBSTRUCTIVE

DISTRIBUTIVE

SEPTIC ANAPHYLACTIC NEUROGENIC

Heartrate60-100
beats/min

High High High High High Normalorlow

Bloodpressure Normal0Low Normal0Low Normal0Low Normal0Low Normal0Low Normal0Low

Cardiacoutput
4-8L/min

Low Low Low Highthenlow Normal0Low Normal0Low

Cardiacindex2.5-
4.0L/min/m2

Low Low Low Highthenlow Normal0Low Normal0Low

RAP2-6mmHg Low High High Lowtovariable Low Low

PAOP8-12mm
HgorPADP
8-15mmHg

Low High Highifimpaired
diastolicfilling
orhighLV
afterload;

Lowtovariable Low Low

LowifhighRV
afterload

SVR770-1500
dynes/sec/cm-5

High High SVRLow
PVRHigh

Lowtovariable Low Low

SvO260%-75% Low Low Low Highthenlow Low Low

LV,Leftventricular;PADP,pulmonaryarterydiastolicpressure; PAOP,pulmonaryarteryocclusionpressure; PVR,pulmonaryvascularresis-
tance;RAP, rightatrialpressure;RV,rightventricular;SvO2,mixedvenousoxygensaturation;SVR,systemicvascularresistance.

output,	and	minimizing	myocardial	oxygen	consumption.	If	an	
oximetric	PA	catheter	is	inserted,	mixed	venous	oxygen	satura-
tion	(SvO2)	is	measured.	The	SvO2	reflects	the	amount	of	oxygen	
bound	to	hemoglobin	in	the	venous	circulation	and	reflects	the	
balance	 between	 oxygen	 delivery	 (DO2)	 and	 consumption	
(VO2).	If	the	SvO2	is	less	than	60%,	either	the	DO2	is	inadequate	
or	 the	VO2	 is	 excessive.	 The	 SvO2	 is	 decreased	 in	 all	 forms	 of	
shock	except	in	early	septic	shock,	where	the	poor	oxygen	extrac-
tion	causes	SvO2	to	be	high.	The	SvO2	is	useful	in	identifying	the	
type	of	shock	and	in	evaluating	the	effectiveness	of	treatment.	
Continuous	 measurement	 of	 central	 venous	 oxygenation	
(ScvO2)	can	also	be	obtained	using	a	fiberoptic	central	venous	
catheter	rather	than	an	oximetric	PA	catheter.	ScvO2	correlates	
to	SvO2	and	is	easier	to	obtain	in	emergent	situations.30

Renal System
Renal	hypoperfusion	and	decreased	glomerular	filtration	rate	
cause	 oliguria	 (urine	 output	 ,0.5	 mL/kg/hr).	 The	 renin-
angiotensin-aldosterone	system	is	activated,	which	promotes	
the	retention	of	sodium	and	the	reabsorption	of	water	in	the	
kidneys,	 further	 decreasing	 urinary	 output.	 This	 prerenal	
cause	 of	 acute	 kidney	 injury	 is	 manifested	 by	 concentrated	
urine	and	an	 increased	blood	urea	nitrogen	 level,	while	 the	
serum	creatinine	level	remains	normal.	If	the	decreased	per-
fusion	is	prolonged,	acute	tubular	necrosis,	a	form	of	intrare-
nal	failure,	occurs	and	creatinine	levels	increase.

Gastrointestinal System
Hypoperfusion	 of	 the	 gastrointestinal	 system	 results	 in	 a	
slowing	 of	 intestinal	 activity	 with	 decreased	 bowel	 sounds,	
distention,	nausea,	 and	constipation.	Paralytic	 ileus	 and	ul-
ceration	with	bleeding	may	occur	with	prolonged	hypoperfu-
sion.	Damage	to	the	microvilli	allows	translocation	of	bacte-
ria	 from	 the	 gastrointestinal	 tract	 to	 the	 lymphatic	 and	
systemic	circulation,	increasing	the	risk	of	infection	and	sep-
sis	in	the	already	compromised	critically	ill	patient.

Hypoperfusion	 of	 the	 liver	 leads	 to	 decreased	 function	
and	alterations	in	liver	enzyme	levels	such	as	lactate	dehydro-
genase	(LDH)	and	aspartate	aminotransferase	(AST).	If	de-
creased	 perfusion	 persists,	 the	 liver	 is	 not	 able	 to	 produce	
coagulation	 factors,	 detoxify	 drugs,	 or	 neutralize	 invading	
microorganisms.	 Clotting	 disorders,	 drug	 toxicity	 concerns,	
and	increased	susceptibility	for	infection	occur.

Respiratory System
In	the	early	stage	of	shock,	respirations	are	rapid	and	deep.	The	
respiratory	 center	 responds	 to	 shock	 and	 metabolic	 acidosis	
with	an	increase	in	respiratory	rate	to	eliminate	carbon	diox-
ide.	Direct	stimulation	of	the	medulla	by	chemoreceptors	alters	
the	 respiratory	 pattern.	 As	 the	 shock	 state	 progresses,	 meta-
bolic	wastes	accumulate	and	cause	generalized	muscle	weak-
ness,	resulting	in	shallow	breathing	with	poor	gas	exchange.

Although	 pulse	 oximetry	 is	 commonly	 used	 to	 measure	
arterial	oxygen	saturation	(SpO2),	it	must	be	used	with	caution	
in	patients	 in	shock	because	decreased	peripheral	circulation	
may	result	 in	 inaccurate	 readings.	Arterial	blood	gas	analysis	
provides	a	more	accurate	assessment	of	oxygenation.

TABLE 11-3  HEMODYNAMIC	ALTERATIONS	IN	SHOCK	STATES
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Hematological System
The	 interaction	between	 inflammation	and	coagulation	en-
hances	clotting	and	inhibits	fibrinolysis,	leading	to	clotting	in	
the	microcirculatory	system	and	bleeding.	An	increased	con-
sumption	 of	 platelets	 and	 clotting	 factors	 occurs,	 causing	 a	
consumptive	coagulopathy.	The	inability	of	the	liver	to	man-
ufacture	clotting	factors	also	contributes	to	the	coagulopathy.	
A	 decreased	 platelet	 count,	 decreased	 clotting	 factors,	 and	
prolonged	 clotting	 times	 are	 seen	 with	 coagulopathy.	 Pete-
chiae	 and	 ecchymosis	 may	 occur,	 along	 with	 blood	 in	 the	
urine,	stool,	gastric	aspirate,	and/or	tracheal	secretions.	The	
clotting	 in	 the	 microcirculation	 causes	 peripheral	 ischemia	
manifested	 by	 acrocyanosis	 and	 necrosis	 of	 digits	 and	 ex-
tremities.	Leukocytosis	 frequently	occurs,	especially	 in	early	
septic	 shock.	 Leukopenia	 occurs	 later	 because	 of	 consump-
tion	of	white	blood	cells.

Integumentary System
Skin	 color,	 temperature,	 texture,	 turgor,	 and	 moisture	 level	
are	evaluated.	Cyanosis	may	be	present;	however,	 it	 is	a	 late	
and	unreliable	sign.	The	patient	may	exhibit	central	cyanosis,	
seen	 in	 the	mucous	membranes	of	 the	mouth	and	nose;	or	
peripheral	cyanosis,	evident	in	the	nails	and	earlobes.	While	
turgor	is	frequently	used	to	determine	the	presence	of	inter-
stitial	dehydration,	elderly	adults	have	decreased	skin	elastic-
ity,	making	this	evaluation	misleading.

Laboratory Studies
Laboratory	 studies	assist	 in	 the	differential	diagnosis	of	 the	
patient	 in	shock	(see	box,	“Laboratory	Alert”).	However,	by	
the	time	many	of	the	laboratory	values	are	altered,	the	patient	
is	 in	 the	 later	 stages	 of	 shock.	 The	 clinical	 picture	 is	 often	
more	useful	for	early	diagnosis	and	immediate	treatment.

LABORATORY	ALERT
Shock

DIAGNOSTIC	STUDY CRITICAL	VALUE SIGNIFICANCE

Chemistry	Studies
Glucose ,70or.100mg/dL Frequently)earlyshock,(lateshock

)Impairsimmuneresponse

Bloodureanitrogen .20mg/dL )Hypoperfusion(prerenalfailure)
)Gastrointestinalbleedingandcatabolism

Creatinine .1.2mg/dL )Acutekidneyinjury

Sodium ,136or.145mEq/L (Hemodilutionfromreplacementofexcessivehypotonicfluid

)Hemoconcentrationfromfluidloss

Chloride .108mEq/L )Excessinfusionofnormalsaline;maycausehyperchloremicacidosis

Potassium ,3.5or.5.3mEq/L (Excessivelossofpotassium

)Impairedeliminationfromacutekidneyinjury

Observeforcardiacdysrhythmias

Lactate .2.2mEq/L )Hypoxialeadingtoanaerobicmetabolismandproductionoflacticacid

AST .20units/L )Hepaticimpairment

LDH .102units/L )Hepaticimpairment,renalimpairment,intestinalischemia,or
myocardialinfarction

Hematology	Studies
WBCs ,4500or.11,000/microliter )Stressresponse;significantincreaseindicatesinfection

(LateshockduetoconsumptionofWBCs

Hemoglobin ,12g/dL (Bloodloss

Hematocrit ,35% (Bloodloss
)Dehydrationandhemoconcentration

Arterial	Blood	Gases
pH ,7.35or.7.45 )Earlyshock—respiratoryalkalosisduetohyperventilation

(Lateshock—metabolicacidosisduetolacticacidosis

PaCO2 ,35or.45mmHg (Earlyshock—respiratoryalkalosisduetohyperventilation

PaO2 ,80mmHg (Hypoxemia;mayindicatepulmonaryedemaorARDS

HCO3
- ,22mEq/L (Lateshock—metabolicacidosiscausedbyhypoxia,anaerobic

metabolism,andlacticacidosis

ARDS,Acuterespiratorydistresssyndrome;AST,aspartateaminotransferase;HCO3
-,bicarbonate;LDH,lactatedehydrogenase;PaCO2,partial

pressureofarterialcarbondioxide;PaO2,partialpressureofarterialoxygen;WBCs,whitebloodcells.
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Serum	 lactate	 level	 is	 a	 measure	 of	 the	 overall	 state	 of	
shock,	regardless	of	the	cause.	The	lactate	level	is	an	indicator	
of	decreased	oxygen	delivery	to	the	cells	and	of	the	adequacy	
of	 treatment.	Elevated	 lactate	 levels	produce	an	acidic	envi-
ronment	and	decreased	arterial	pH.	The	serum	lactate	 level	
correlates	with	the	degree	of	hypoperfusion.

MANAGEMENT
Management	of	 the	patient	 in	 shock	consists	of	 identifying	
and	 treating	 the	 cause	 of	 the	 shock	 as	 rapidly	 as	 possible.	
Care	 is	 directed	 toward	 correcting	 or	 reversing	 the	 altered	
circulatory	component	(e.g.,	blood	volume,	myocardial	con-
tractility,	 obstruction,	 or	 vascular	 resistance)	 and	 reversing	
tissue	hypoxia.	A	combination	of	fluid,	pharmacological,	and	
mechanical	 therapies	 are	 implemented	 to	 maintain	 tissue	
perfusion	and	improve	oxygen	delivery.	These	interventions	
include	 increasing	 the	 cardiac	 output	 and	 cardiac	 index,		

increasing	 the	hemoglobin	 level,	 and	 increasing	 the	 arterial	
oxygen	saturation.	Efforts	are	also	aimed	toward	minimizing	
oxygen	consumption.	Specific	management	for	each	classifi-
cation	of	shock	 is	discussed	 later.	Nursing	 interventions	are	
summarized	in	the	box,	“Evidence-Based	Practice.”

EVIDENCE-BASED	PRACTICE

Problem
Severe sepsis and septic shock result in mortality rates
greater than 20%.1 Evidence-based practice guidelines have
been published by the Surviving Sepsis Campaign (SSC) to
facilitatemedicalmanagement.2,3Patientsalsorequireexpert
nursingknowledgeandskilltorecognizethepossibledevelop-
ment of sepsis and the delivery of competent care of the
patientwithsepsistoimprovetheirsurvivalandqualityoflife
afterhospitalization.1

Clinical	Question
What nursing interventions are recommended in caring for
patientswithseveresepsisorsepticshock?

Evidence
 1. Earlyenteralnutritionstartedinthefirst24to48hoursafter

admissiontoacriticalcareunit(Level	of	Evidence:	A).
Patients requirenutrition thatnotonlymeetshighercaloric

requirements,butalsosupportstheimmunesystemandpro-
motescellularrepair.6Earlyenteralnutritionassiststheintesti-
nalmucosa inmaintaining itsbarrierfunctionandcanreduce
theriskforinfectionbyasmuchas30%to40%.7

 2. Aplanforpressureulcerpreventionandmanagement(Level	
of	Evidence:	D).

The hemodynamic alterations associated with shock and
sepsis,anduseofvasoactivemedications,combinedwithco-
morbidconditions,limitedmobility,andalteredsensationplace
thepatientathigher riskfor thedevelopmentofpressureul-
cers.4 Frequent turning, reductionof friction and shear, pres-
sure redistribution through the use of special mattress sur-
facesareallwithinthecontrolofthebedsidenurse.5

Implications	for	Nursing
These two basic nursing interventions should be a regular
featureofnursingcareintheICUpatientwithsepsisormul-
tiple organ dysfunction. The interventions may require the

nurse to initiate a multiprofessional collaboration with other
teammembers—dieticians,woundcarespecialists,pharmacists,
physicians—tofullyimplementthem;butit isthenursewho
providestheattentiveness in initiatingandmaintainingthese
interventions.
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Maintenance of Circulating Blood Volume 
and Adequate Hemoglobin Level
Regardless	of	the	cause,	shock	produces	profound	alterations	in	
fluid	balance.	Therefore	patients	experiencing	absolute	hypovo-
lemia	(hypovolemic	shock)	or	relative	hypovolemia	(distribu-
tive	shock)	require	the	administration	of	intravenous	(IV)	flu-
ids	to	restore	intravascular	volume,	maintain	oxygen-carrying	
capacity,	 and	 establish	 the	 hemodynamic	 stability	 necessary		
for	optimal	tissue	perfusion.	The	choice	of	fluid	and	the	volume	
and	rate	of	 infusion	depend	on	the	type	of	fluid	 lost,	 the	pa-
tient’s	hemodynamic	status,	and	coexisting	conditions.

Nursing Interventions for Shock

http://www.npuap.org/Final_Quick_Prevention_for_web_2010.pdf
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Intravenous Access
IV	access	is	needed	to	administer	fluids	and	medications.	The	
patient	in	shock	requires	a	minimum	of	two	IV	catheters,	one	
in	a	peripheral	vein	and	one	in	a	central	vein.	Peripheral	ac-
cess	 via	 a	 large-gauge	 catheter	 (14-	 or	 16-gauge)	 in	 a	 large	
vein	 in	 the	 antecubital	 fossa	 provides	 a	 route	 for	 rapid	 ad-
ministration	of	fluids	and	medications.	Establishing	IV	routes	
in	a	patient	in	shock	is	challenging	because	peripheral	vaso-
constriction	and	venous	collapse	make	access	difficult.

A	central	venous	catheter	is	inserted	for	large-volume	re-
placement	and	is	also	used	to	monitor	central	venous	pres-
sures.	Central	venous	catheters	are	commonly	 inserted	 into	
the	 subclavian,	 internal	 jugular,	or	 femoral	veins.	An	upper	
extremity	 insertion	site	 is	preferred	over	the	femoral	vein.25	
Multilumen	 catheters,	 which	 provide	 multiple	 access	 ports,	
allow	 the	 concurrent	 administration	 of	 fluid,	 medication,	
and	blood	products.	A	PA	catheter	may	be	inserted	to	moni-
tor	hemodynamic	pressures	and	guide	fluid	replacement.

Fluid Challenge
Once	 IV	 access	 is	 established,	 a	 fluid	 challenge	 may	 be	 per-
formed	to	assess	the	patient’s	hemodynamic	response	to	fluid	
administration.	Various	methods	for	administering	a	fluid	chal-
lenge	exist.	Typically,	a	rapid	infusion	of	250	mL	(up	to	2	L)	of	
a	crystalloid	solution	 is	 initiated	first.	Nursing	responsibilities	
include	 obtaining	 the	 baseline	 hemodynamic	 measurements,	
administering	 the	 fluid	 challenge,	 and	 assessing	 the	 patient’s	
response.	A	fluid	challenge	algorithm	is	helpful	in	guiding	fluid	
resuscitation	(Figure	11-5).

Types of Fluids
The	 choice	 of	 fluids	 depends	 on	 the	 cause	 of	 the	 volume	
deficit,	the	patient’s	clinical	status,	and	the	physician’s	prefer-
ence.	Although	the	nurse	is	not	responsible	for	selecting	the	
infusion	or	transfusion,	an	understanding	of	the	rationale	for	
the	 prescribed	 fluid	 and	 the	 expected	 effects	 is	 needed	 to		
assess	 patient	 outcomes.	 The	 nurse	 carefully	 monitors	 the	
patient’s	response	to	fluid	therapy.

Blood,	blood	products,	crystalloids,	and	colloids	are	used	
alone,	 or	 in	 combination,	 to	 restore	 intravascular	 volume.	
Crystalloids	 are	 infused	 until	 diagnostic	 testing	 and	 blood	
typing	and	crossmatching	are	completed.	Colloids	are	avoided	
in	situations	where	there	is	an	increase	in	capillary	permeabil-
ity,	as	in	sepsis	and	septic	shock,	anaphylactic	shock,	and	early	
burn	injury.	A	systematic	review	of	30	randomized	controlled	
trials	found	no	benefit	in	giving	colloids	over	crystalloids,	and	
recommended	against	the	administration	of	colloids	in	most	
patient	 populations.	 In	 critically	 ill	 patients	 with	 hypovole-
mia,	administration	of	albumin	was	associated	with	a	higher	
risk	of	death.9	A	Cochrane	Review	demonstrated	no	difference	
in	mortality	between	the	use	of	crystalloid	solution	or	colloids	
in	the	resuscitation	of	critically	ill	patients.26

Crystalloids	are	inexpensive	and	readily	available.	Crystal-
loids	 are	 classified	 by	 tonicity.	 Isotonic	 solutions	 have	 ap-
proximately	 the	 same	 tonicity	 as	 plasma	 (osmolality,	 250	 to	
350	mOsm/L).	Lactated	Ringer’s	(LR)	solution	and	0.9%	normal	

Benefits	of	IV	fluid	administration	include	increased	intra-
vascular	volume,	increased	venous	return	to	the	right	side	of	
the	heart,	optimal	stretching	of	the	ventricle,	improved	myo-
cardial	 contractility,	 and	 increased	cardiac	output.	However,	
these	effects	may	be	dangerous	to	the	patient	 in	cardiogenic	
shock	because	large	volumes	of	fluid	overwork	an	already	fail-
ing	 heart.	 Instead,	 cardiogenic	 shock	 is	 managed	 primarily	
with	medications	that	reduce	both	preload	and	afterload.

Fluid	 administration	 is	 adjusted	 based	 on	 changes	 in	
blood	pressure,	urine	output,	hemodynamic	values,	diagnos-
tic	 test	 results,	 and	 the	 clinical	 picture	 of	 the	 patient’s	 re-
sponse	 to	 treatment.	 Values	 obtained	 from	 hemodynamic	
monitoring	 also	 assist	 in	 monitoring	 effects	 of	 treatment.	
Generally,	volume	replacement	continues	until	 an	adequate	
mean	 arterial	 pressure	 (65	 to	 70	 mm	 Hg)	 is	 achieved	 and	
evidence	 of	 end-organ	 tissue	 perfusion	 is	 reestablished,	 as	
evidenced	 by	 improvement	 in	 the	 level	 of	 consciousness,		
urinary	output,	and	peripheral	perfusion.

Patients	in	severe	shock	may	require	immediate,	rapid	vol-
ume	 replacement.	 The	 IV	 infusion	 rate	 can	 be	 increased	 by	
using	a	blood	pump	to	administer	fluids	under	pressure,	by	
using	large-bore	infusion	tubing,	or	by	using	a	rapid-infusion	
device.	 Infusion	 pumps	 are	 used	 to	 rapidly	 and	 accurately	
administer	 large	 volumes	 of	 fluids.	 Administration	 of	 large	
volumes	 of	 room-temperature	 fluids	 can	 rapidly	 drop	 core	
body	 temperature	and	cause	hypothermia.	Fluid-related	hy-
pothermia	causes	alterations	 in	cardiac	contractility	and	co-
agulation.	For	this	reason,	 large	volumes	of	fluids	should	be	
infused	through	warming	devices	(Figure	11-4).

FIGURE	11-4	 Level1 rapid infuser. (CourtesyLevel1, Inc.,
Rockland,Massachusetts.)
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saline	are	isotonic	solutions	that	are	commonly	infused.	These	
solutions	 move	 freely	 from	 the	 intravascular	 space	 into	 the	
tissues.	Traditionally,	3	mL	of	crystalloid	solution	is	adminis-
tered	to	replace	each	1	mL	of	blood	loss.	LR	solution	closely	
resembles	plasma	and	may	be	the	only	fluid	replacement	re-
quired	if	blood	loss	is	less	than	1500	mL.	LR	solution	contains	
lactate,	which	is	a	salt	that	the	liver	converts	to	bicarbonate,	so	
it	counteracts	metabolic	acidosis	 if	 the	 liver	function	is	nor-
mal.	LR	should	not	be	infused	in	patients	with	impaired	liver	
function	 or	 severe	 lactic	 acidosis.	 Although	 0.9%	 normal		
saline	is	an	isotonic	solution,	its	side	effects	include	hyperna-
tremia,	hypokalemia,	and	hyperchloremic	metabolic	acidosis.	
Solutions	of	5%	dextrose	 in	water	and	0.45%	normal	 saline	
are	hypotonic	and	are	not	used	for	fluid	resuscitation.	Hypo-
tonic	solutions	rapidly	 leave	the	 intravascular	space,	causing	
interstitial	and	intracellular	edema.

When	large	volumes	of	crystalloids	are	infused,	the	patient	
is	at	risk	of	developing	hemodilution	of	red	blood	cells	and	
plasma	 proteins.	 Hemodilution	 of	 red	 blood	 cells	 impairs	

oxygen	delivery	if	the	hematocrit	value	is	decreased	and	the	
cardiac	output	 cannot	 increase	 enough	 to	compensate.	He-
modilution	 of	 plasma	 proteins	 decreases	 colloid	 osmotic	
pressure	and	places	the	patient	at	risk	of	developing	pulmo-
nary	edema.	Elderly	patients	are	at	increased	risk	of	develop-
ing	 pulmonary	 edema	 and	 may	 require	 invasive	 hemody-
namic	monitoring	to	guide	fluid	resuscitation.

Colloids	 contain	 proteins	 that	 increase	 osmotic	 pressure.	
Osmotic	 pressure	 holds	 and	 attracts	 fluid	 into	 blood	 vessels,	
thereby	expanding	plasma	volume.	Because	colloids	remain	in	
the	 intravascular	 space	 longer	 than	 crystalloids,	 smaller	 vol-
umes	of	colloids	are	given	in	shock	states.	Albumin	and	plasma	
protein	 fraction	 (Plasmanate)	 are	 naturally	 occurring	 colloid	
solutions	that	are	infused	when	the	volume	loss	is	caused	by	a	
loss	of	plasma	rather	 than	blood,	 such	as	 in	burn	 injury	(see	
Chapter	 20),	 peritonitis,	 and	 bowel	 obstruction.	 Typing	 and	
crossmatching	 of	 albumin	 and	 plasma	 protein	 fraction	 are		
not	required.	Pulmonary	edema	is	a	potential	complication	of	
colloid	 administration,	 resulting	 from	 increased	 pulmonary	

�PAOP 
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or �CVP 
�2 mm Hg

�PAOP 
�7 mm Hg

or �CVP 
�5 mm Hg�PAOP

4 to 7 mm Hg

No

Yes

Yes No
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or �CVP
3 to 5 mm Hg

Select type and total volume of fluid for challenge
(e.g., 250, 500, or 1000 mL of normal saline)

Select incremental volume to be given over
10-30 min (e.g., 100, 250 mL)

Check baseline PAOP (or
CVP/RAP if PAOP unavailable)
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FIGURE	11-5	 Fluidchallengealgorithm.CVP,Centralvenouspressure;PAOP,pulmonaryartery
occlusionpressure.(AdaptedfromKruseJA,FinkMP,CarlsonRW.Saunders Manual of Critical 
Care.Philadelphia:Saunders;2003.)
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capillary	 permeability	 or	 increased	 capillary	 hydrostatic	 pres-
sure	 in	 the	 pulmonary	 vasculature	 created	 by	 rapid	 plasma		
expansion.

Hetastarch	 (Hespan)	 is	 a	 synthetic	 colloid	 solution	 that	
acts	as	a	plasma	expander	but	carries	less	risk	for	pulmonary	
edema.	 Side	 effects	 include	 altered	 prothrombin	 time	 (PT)	
and	 activated	 partial	 thromboplastin	 time	 (aPTT)	 and	 the	
potential	for	circulatory	overload.	No	more	than	1	L	should	
be	administered	in	a	24-hour	period.10

Blood	 products,	 packed	 red	 blood	 cells,	 fresh	 frozen	
plasma,	and	platelets	are	administered	 to	 treat	major	blood	
loss.	 Typing	 and	 crossmatching	 of	 these	 products	 are	 per-
formed	to	identify	the	patient’s	blood	type	(A,	B,	AB,	O)	and	
Rh	factor,	and	to	ensure	compatibility	with	the	donor	blood	
to	prevent	transfusion	reactions.	In	extreme	emergencies,	the	
patient	 may	 be	 transfused	 with	 type-specific	 or	 O-negative	
blood,	which	is	considered	the	universal	donor	blood	type.

Transfusions	require	an	IV	access	with	at	least	a	20-gauge,	
preferably	an	18-gauge	or	larger,	catheter	(a	22-	or	23-gauge	
needle	or	catheter	may	be	used	 in	adults	with	 small	veins).	
Solutions	other	than	0.9%	normal	saline	are	not	infused	with	
blood	because	they	cause	red	blood	cells	to	aggregate,	swell,	
and	burst.	 In	addition,	 IV	medications	are	never	 infused	 in	
the	 same	 port	 with	 blood.	 Appropriate	 patient	 and	 blood	
identification	is	necessary	before	starting	any	transfusion.

Transfusions	are	administered	with	a	blood	filter	 to	 trap	
debris	 and	 clots.	 Frequent	 patient	 assessment	 is	 necessary	
during	a	blood	transfusion	to	monitor	for	adverse	reactions.	
In	 the	 event	 of	 a	 reaction,	 the	 transfusion	 is	 stopped,	 the	
transfusion	 tubing	 is	 disconnected	 from	 the	 IV	 access	 site,	
and	the	vein	is	kept	open	with	an	IV	of	0.9%	normal	saline	
solution.	The	patient	is	assessed,	and	the	physician	and	labo-
ratory	are	notified.	All	 transfusion	equipment	 (bag,	 tubing,	
and	remaining	solutions)	and	any	blood	or	urine	specimens	
obtained	 are	 sent	 to	 the	 laboratory	 according	 to	 hospital	
policy.	 The	 events	 of	 the	 reaction,	 interventions	 used,	 and	
patient	response	to	treatment	are	documented.

The	 transfusion	administration	 time	varies	with	 the	par-
ticular	blood	product	used	and	the	individual	patient	circum-
stances.	Documentation	of	the	transfusion	includes	the	blood	
product	administered,	baseline	vital	signs,	start	and	comple-
tion	 time	 of	 the	 transfusion,	 volume	 of	 blood	 and	 fluid,		
assessment	 of	 the	 patient	 during	 the	 transfusion,	 and	 any	
nursing	actions	taken.

Packed	 red	 blood	 cells	 increase	 the	 blood	 volume	 and	
therefore	provide	more	oxygen-carrying	capability	to	the	tis-
sues.	One	unit	of	packed	red	blood	cells	increases	the	hema-
tocrit	value	by	about	3%	and	the	hemoglobin	value	by	1	g/dL.	
Typing	 and	 crossmatching	 of	 packed	 red	 blood	 cells	 are		
required.	 Red	 blood	 cells	 tend	 to	 aggregate	 because	 of	 the		
fibrinogen	coating;	therefore,	washed	red	blood	cells	may	be	
given.	Acidosis,	hyperkalemia,	and	coagulation	problems	are	
associated	 with	 transfusions	 of	 banked	 blood	 older	 than		
24	hours.	Massive	transfusion	(approximately	10	units)	is	as-
sociated	 with	 decreased	 2,3-diphosphoglycerate	 (2,3-DPG),	
causing	 a	 shift	 of	 the	 oxyhemoglobin	 dissociation	 curve	 to	
the	left,	which	impairs	the	delivery	of	oxygen	to	the	tissues.

Fresh	frozen	plasma	is	administered	to	replace	all	clotting	
factors	 except	 platelets.	 When	 massive	 transfusions	 are	 in-
fused,	fresh	frozen	plasma	is	given	rapidly	to	restore	coagula-
tion	factors.	One	unit	of	fresh	frozen	plasma	is	given	for	every	
4	to	5	units	of	packed	red	blood	cells	transfused.	Typing	and	
crossmatching	of	fresh	frozen	plasma	are	required.

Platelets	are	given	rapidly	to	help	control	bleeding	caused	
by	 low	platelet	counts	 (usually	,50,000/microliter).	Typing	
of	platelets,	but	not	crossmatching,	is	required.

Maintenance of Arterial Oxygen Saturation 
and Ventilation
Airway	maintenance	is	the	top	priority.	The	airway	is	main-
tained	by	proper	head	position,	use	of	oral	or	nasopharyngeal	
airways,	or	intubation,	depending	on	the	patient’s	condition.	
Suctioning	and	chest	physical	therapy	facilitate	secretion	re-
moval	and	help	maintain	a	patent	airway.

Oxygen	is	administered	to	elevate	the	arterial	oxygen	ten-
sion,	 thereby	 improving	 tissue	 oxygenation.	 Oxygen	 is	 ad-
ministered	 by	 methods	 ranging	 from	 nasal	 cannula	 to	 me-
chanical	ventilation,	depending	on	the	patient’s	condition.

Mechanical	ventilation	is	used	to	maintain	adequate	ven-
tilation	 as	 reflected	 by	 a	 normal	 partial	 pressure	 of	 arterial	
carbon	dioxide	(PaCO2)	level.	Another	benefit	of	mechanical	
ventilation	 in	a	patient	with	shock	 is	 to	reduce	the	work	of	
breathing	 and	 the	 associated	 increase	 in	 oxygen	 consump-
tion.	Tidal	volumes	and	inspiratory	pressures	are	kept	low	to	
prevent	 ventilator-induced	 lung	 injury.	 Tidal	 volumes	 are	
generally	between	6	and	8	mL/kg	of	 ideal	body	weight,	and	
the	inspiratory	plateau	pressures	are	maintained	at	less	than	
30	cm	H2O.35	Positive	end-expiratory	pressure	(PEEP)	is	used	
to	 maintain	 alveolar	 recruitment	 and	 may	 protect	 against	
ventilator-induced	 lung	 injury	 by	 preventing	 the	 repetitive	
opening	 and	 collapsing	 of	 the	 alveoli.29	 Newer	 ventilator	
modes,	 such	 as	 the	 pressure-regulated	 volume-controlled	
mode,	aid	in	keeping	inspiratory	pressures	low.

Sedation	or	neuromuscular	blockade	is	considered	to	re-
duce	oxygen	consumption.	Arterial	blood	gases,	pulse	oxim-
etry,	and	hemodynamic	monitoring	aid	in	the	evaluation	of	
oxygen	consumption	and	delivery.

Pharmacological Support
Pharmacological	management	of	 shock	 is	based	on	 the	ma-
nipulation	of	the	determinants	of	cardiac	output:	heart	rate,	
preload,	 afterload,	 and	 contractility.	 Figure	 11-6	 describes	
therapies	used	 to	manipulate	 these	parameters.	These	drugs	
are	preferably	administered	through	a	central	venous	catheter.	
Hemodynamic	 monitoring	 is	 often	 used	 to	 assess	 the	 effec-
tiveness	of	medications.	Older	adults	are	particular	sensitive	
to	the	physiological	impact	of	medications	and	the	deleterious	
effects	 of	 polypharmacy.	 Table	 11-4	 describes	 medications	
that	are	commonly	administered	in	shock.

Cardiac Output
Low	 or	 high	 heart	 rates	 and	 dysrhythmias	 decrease	 cardiac	
output.	Chronotropic	drugs	and	antidysrhythmic	agents	are	
given	 as	 indicated.	 In	 neurogenic	 shock,	 sinus	 bradycardia	



Preload
RV: CVP or RAP

LV: PAOP

To decrease:
• Vasodilators:
   morphine,
   nitroglycerin
• Diuretics
• ACE inhibitor
   or ARB

To increase:
• Crystalloids
• Colloids
• Blood
• Blood
   products

Afterload
RV: PVR
LV: SVR

To decrease:
• Vasodilators:
   nitroprusside,
   nitroglycerin,
   hydralazine
• ACE inhibitor
   or ARB
• IABP

To increase:
• Vasopressors:
   phenylephrine,
   norepinephrine,
   epinephrine,
   vasopressin

To decrease:
• Treat cause
• Antidysrhythmics
• Vagal maneuver
• Cardioversion
• Defibrillation

To increase:
• Treat cause
• Atropine
• Epinephrine
• Pacemaker

Stroke volume

Cardiac output

Heart rate

Contractility
RV: RVSWI
LV: LVSWI

To decrease:
• Beta
   blockers
• Calcium
   channel
   blockers

To increase:
• Digoxin
• Dobutamine
• Milrinone

FIGURE	 11-6	 Therapeutic manipulation of cardiac output and myocardial oxygen consumption.
ACE,Angiotensin-convertingenzyme;ARB, angiotensinreceptorblocker;CVP,centralvenouspres-
sure; IABP, intra-aorticballoonpump;LV, left ventricle;LVSWI, left ventricular strokework index;
PAOP,pulmonaryarteryocclusionpressure;PVR,pulmonaryvascularresistance;RAP,rightatrial
pressure;RV, right ventricle;RVSWI, right ventricular strokework index;SVR, systemicvascular
resistance.(AdaptedfromDennisonRD.Pass CCRN!3rded.St.Louis:Mosby;2007.)

TABLE 11-4  PHARMACOLOGY
Medications Commonly Used in Shock

MEDICATION ACTION/USE DOSE/ROUTE SIDE	EFFECTS NURSING	IMPLICATIONS
Dobutamine

(Dobutrex)
Stimulatesprimarily

beta1receptorsto
)contractilityand
)heartrateandcause
vasodilationinlowCO
states

2-20mcg/kg/minIV
infusion

Centralvenouscatheter
preferred

Tachycardia
Dysrhythmias
Hypotension
Nausea,vomiting
Dyspnea
Headache
Anxiety
Paresthesia
Palpitations
Chestpain

MonitorBP,HR,ECG,PAP,
PAOP,SVR,CO,andCI

Usecautiouslyinpatients
withhypertension,
myocardialischemia,or
ventriculardysrhythmias

Replacevolumebefore
initiationofinfusion

Donotadministerwith
alkalinesolutions

Dopamine
(Intropin)

UsedinlowCOstates
orvasodilatorystates
(distributiveshock)to
restorevasculartone
Dose-dependent
effect

At2-10mcg/kg/min
stimulatesbeta1
receptorsto
)contractilityand
)HR

2-20mcg/kg/minIVinfu-
sionandtitratedupward
asnecessaryto
(maximumof
50mcg/kg/min)

Centralvenouscatheter
preferred

Tachycardia
Dysrhythmias
Nausea,vomiting
Dyspnea
Headache
Palpitations
Chestpaininpatients

withcoronaryartery
disease

Tissuenecrosisif
extravasationoccurs

MonitorHR,BP,ECG,PAP,
PAOP,SVR,CO,CI,and
urineoutput

Treatcauseof(BPbefore
initiating(e.g.,hypovole-
miatreatedwithfluid
resuscitation)

Weanslowly
Treatextravasationwith

phentolamine(Regitine)
Donotadministerwith

alkalinesolutions

Continued
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TABLE 11-4  PHARMACOLOGY—cont’d
Medications Commonly Used in Shock

MEDICATION ACTION/USE DOSE/ROUTE SIDE	EFFECTS NURSING	IMPLICATIONS
At10-20mcg/kg/min

stimulatesalpha
receptorstocause
vasoconstrictionand
increasedSVR

Norepinephrine
(Levophed)

Stimulatesalpha
receptorstocause
vasoconstriction

Usedinvasodilatory
states(distributive
shock)torestorevas-
culartone

Stimulationofbeta
receptorsto
)contractilityand
)HR

2-12mcg/minIV
infusionandtitrated
upwardasneededtoa
maximumof30mcg/min

Centralvenouscatheter
preferred

Tachycardia
Ventriculardysrhyth-

mias
Hypertension
Anxiety
Headache
Tremor
Dizziness
Chestpain
Metabolic(lactic)

acidosis
Tissuenecrosisif

extravasationoccurs

MonitorBP,HR,ECG,urine
output,andneurological
status

Treatextravasationwith
phentolamine(Regitine)

Donotadministerwith
alkalinesolutions

Phenylephrine
(Neosynephrine)

Stimulatesalpha
receptorstocause
vasoconstriction

Usedinvasodilatory
states(distributive
shock)torestore
vasculartone

2-10mcg/kg/minIV
infusion

Centralvenouscatheter
preferred

Reflexbradycardia
Ventriculardysrhyth-

mias
Hypertension
Nausea,vomiting
Paresthesia
Palpitations
Anxiety
Restlessness
Headache
Tremor
Chestpain

MonitorHR,BP,andECG
Treatreflexbradycardia

withatropine

Vasopressin Vasoconstrictionvia
smoothmuscle
contractionofallparts
ofcapillaries,arteri-
oles,andvenules

Usedinvasodilatory
states(distributive
shock)torestore
vasculartone

0.01to0.03unit/minIV
infusion

Centralvenouscatheter
preferred

(HR
)BP
Fever
Hyponatremia
Abdominalcramps
Tremor
Headache
Seizures
Coma
Chestpainandmyocar-

dialischemia

Nitroglycerin Vasodilationbydirect
smoothmusclerelax-
ation,predominantly
venous

Usedinpreloadand/or
afterloadreduction
(cardiogenicshock)

Dose-dependenteffect
Arterialdilationonly

ifinfusion
.1mcg/kg/min

Initialdose5-10mcg/min
IVinfusion;increaseby
5-10mcg/minevery
5minutesuntildesired
resultsareachieved
(controlofchestpain
anddecreasedpreload)

)or(HR
)or(BP
Palpitations
Weakness
Apprehension
Flushing
Dizziness
Syncope
Headache

MonitorHR,BP,andurine
output

MonitorRAP,PAP,PAOP,
SVR,CO,andCIifpul-
monaryarterycatheter
present

Usecautiouslyin
hypotension

Administeringlassbottle
vianon–polyvinylchloride
tubing

Dopamine
(Intropin)—cont’d
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secondary	to	cervical	spinal	cord	injury	does	not	usually	re-
quire	therapy.	However,	if	the	bradycardia	is	significant	and	
results	in	decreased	perfusion,	atropine	or	a	temporary	pace-
maker	may	be	required.

Preload
In	hypovolemic	and	distributive	shock,	fluid	administration	
is	the	primary	treatment	to	increase	preload.	In	cardiogenic	
shock,	the	myofibrils	are	overstretched	and	the	preload	needs	
to	be	reduced.	Venous	vasodilators	or	diuretics	are	adminis-
tered	to	reduce	preload.

Afterload
Afterload	is	low	in	distributive	shock.	In	this	situation,	agents	
that	cause	vasoconstriction	are	administered	to	increase	vascu-
lar	 tone	and	tissue	perfusion	pressure.	Examples	of	vasocon-
strictive	 drugs	 include	 phenylephrine,	 norepinephrine,	 epi-
nephrine,	or	vasopressin.	These	drugs	increase	blood	pressure	
and	SVR.	A	negative	effect	of	drugs	that	increase	afterload	is	an	
increase	in	the	myocardial	oxygen	demand.	Accurate	measure-
ment/calculation	 of	 SVR	 and	 PVR	 via	 a	 pulmonary	 artery	
catheter	assists	in	assessment.

Vasopressors	should	not	be	administered	in	hypovolemic	
shock	 because	 these	 patients	 require	 volume	 replacement.	
Administration	of	vasopressors	in	hypovolemia	causes	vaso-
constriction	and	further	diminishes	tissue	perfusion.

In	 cardiogenic	 shock,	 the	 afterload	 needs	 to	 be	 reduced.	
The	 use	 of	 arterial	 vasodilators	 to	 reduce	 afterload	 may	 be	
limited	 by	 the	 patient’s	 blood	 pressure.	 In	 situations	 where	
hypotension	prevents	the	use	of	arterial	vasodilators,	an	in-
traaortic	balloon	pump	is	used	to	decrease	afterload.

Contractility
Drugs	 that	 increase	contractility,	 such	as	dobutamine,	may	
be	administered	 in	cardiogenic	shock.	Although	drugs	 that	
decrease	 contractility	 (e.g.,	 beta-blockers)	 may	 be	 used	 to	
decrease	 myocardial	 oxygen	 consumption	 in	 patients	 with	
coronary	artery	disease,	they	are	contraindicated	in	a	patient	
in	shock.

Other Medications
Other	drugs	used	to	manage	shock	include	sedatives,	analge-
sics,	insulin,	corticosteroids,	and	antibiotics.	Although	respi-
ratory	acidosis	is	treated	by	improving	ventilation,	metabolic	
acidosis	caused	by	lactic	acidosis	is	best	treated	by	improving	
the	 aspects	 of	 DO2:	 SaO2,	 hemoglobin	 level,	 and	 cardiac	
output.	Arterial	 blood	 gas	 analysis	 and	 serum	 lactate	 levels	
are	used	to	guide	treatment.

Hyperglycemia	is	common	in	patients	in	shock,	especially	
patients	with	septic	shock.	Data	suggest	that	intensive	insulin	
therapy	to	maintain	serum	glucose	levels	less	than	150	mg/dL	
reduces	morbidity	and	mortality	in	critically	ill	patients.37

Low–molecular	 weight	 heparin	 is	 frequently	 prescribed	
for	 deep	 vein	 thrombosis	 prophylaxis.	 An	 H2-receptor	 an-
tagonist	(ranitidine	[Zantac]	or	proton	pump	inhibitor	(pan-
toprazole	[Protonix])	is	frequently	prescribed	for	peptic	ulcer	
prophylaxis.

Maintenance of Body Temperature
The	 patient’s	 temperature	 is	 monitored	 frequently.	 Care	 is	
directed	toward	maintaining	normal	body	temperature.	Hy-
pothermia	depresses	cardiac	contractility	and	impairs	cardiac	
output	 and	 oxygen	 delivery.	 Hypothermia	 also	 impairs	 the	

TABLE 11-4  PHARMACOLOGY—cont’d
Medications Commonly Used in Shock

MEDICATION ACTION/USE DOSE/ROUTE SIDE	EFFECTS NURSING	IMPLICATIONS
Nitroprusside

(Nipride)
Vasodilationbydirect

smoothmusclerelax-
ation,predominantly
arterial

Usedinpreloadand/or
afterloadreduction
(cardiogenicshock)

0.5-10mcg/kg/minIV
infusion

Nausea,vomiting,
abdominalpain

Headache
Tinnitus
Dizziness
Diaphoresis
Apprehension
Hypotension
Tachycardia
Palpitations
Hypoxemia

(nitroprusside-induced
intrapulmonary
thiocyanatetoxicity)

MonitorHR,BP,urine
output,andneurological
status

Monitorforpatientthiocya-
natetoxicity(metabolic
acidosis,confusion,hy-
perreflexia,andseizures)

Serumthiocyanatelevels
drawndailyifdrugis
usedlongerthan
72hours

Treatmentincludesamyl
nitrate,sodiumnitrate,
and/orsodiumthiosulfate

Protectfromlightbywrap-
pingwithopaquematerial
(e.g.,aluminumfoil)

Allmedicationsshouldbeadministeredviavolumetricinfusionpump.
BP,Bloodpressure;CI,cardiacindex;CO,cardiacoutput;D5W,5%dextroseinwater;ECG,electrocardiogram;HR,heartrate;IV,intravenous;
NS,normal(0.9%)saline;PAOP,pulmonaryarteryocclusionpressure;PAP,pulmonaryarterypressure;RAP,rightatrialpressure;SVR,systemic
vascularresistance.
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coagulation	pathway,	which	can	result	in	a	significant	coagu-
lopathy.	Hypothermia	is	anticipated	when	fluids	are	infused	
rapidly,	and	use	of	a	fluid	warmer	should	be	considered.	Pa-
tients	should	be	kept	warm	and	comfortable,	but	not	overly	
warmed.	Excessive	warmth	increases	the	oxygen	demand	on	
an	already	stressed	cardiovascular	system.

Nutritional Support
Nutritional	support	is	essential	for	patient	survival.	The	goals	
of	nutritional	support	are	to	initiate	enteral	intake	as	soon	as	
possible	and	to	maintain	sufficient	caloric	 intake	to	assist	 in	
the	healing	process.	Early	enteral	feeding	decreases	hyperme-
tabolism,	 minimizes	 bacterial	 translocation,	 decreases	 diar-
rhea,	and	decreases	length	of	stay.	Nutritional	requirements	of	
the	patient	in	shock	are	highly	variable	depending	on	the	de-
gree	 of	 hemodynamic	 stability,	 the	 cause	 of	 shock,	 and	 the	
patient’s	age,	gender,	and	preexisting	diseases.	Enteral	feeding	
is	the	preferred	method,	and	immune-boosting	formulas	may	
be	 prescribed.	 Administration	 of	 enteral	 nutrition	 may	 be	
limited	by	paralytic	ileus,	gastric	dilation,	or	both,	which	are	
common	 in	 shock.	 Total	 parenteral	 nutrition	 is	 given	 if	 pa-
tients	are	unable	to	tolerate	enteral	feeding	(see	Chapter	6).3

Maintenance of Skin Integrity
The	decreased	perfusion	seen	in	shock	can	precipitate	injury	
to	the	skin.	Meticulous	skin	care	is	required	to	promote	skin	
integrity.	The	patient	is	turned	at	frequent	intervals,	and	lo-
tion	is	applied.	Pressure-relieving	devices,	such	as	therapeutic	

beds	or	mattresses,	may	be	indicated.	Therapeutic	beds	with	
automatic	rotation	features	do	not	substitute	for	the	pressure	
relief	 afforded	 by	 manual	 turning	 and	 positioning.	 Lotion	
moisturizes	the	skin	to	reduce	the	effects	of	shear	and	friction	
generated	 when	 the	 patient	 is	 repositioned	 in	 the	 bed.	 The	
heels	should	be	elevated	off	the	surface	of	the	bed	with	pil-
lows	or	with	pressure-relief	boots.

Psychological Support
Nursing	interventions	also	focus	on	identifying	the	impact	of	
the	 illness	on	 the	patient	 and	 the	 family.	Nursing	 interven-
tions	 include	 providing	 information,	 which	 is	 essential	 for	
the	 psychological	 well-being	 of	 the	 patient	 and	 the	 family,	
and	 may	 help	 to	 give	 them	 a	 sense	 of	 understanding	 and	
control	of	 the	situation.	Since	shock	has	a	high	mortality,	a	
discussion	should	be	initiated	regarding	life-sustaining	thera-
pies	(see	Chapters	2	and	3).

NURSING DIAGNOSIS
The	primary	nursing	diagnosis	for	all	patients	in	shock	is	al-
tered	 tissue	perfusion.	This	diagnosis	may	be	 related	 to	de-
creased	 tissue	 perfusion,	 myocardial	 contractility,	 vascular	
resistance,	obstruction,	or	a	combination	of	these.	The	nurse	
provides	 care	 to	 support	 tissue	 perfusion	 of	 the	 patient	 in	
shock	 until	 definitive	 care	 is	 underway.	 Supportive	 care	 is	
aimed	at	maintenance	of	organ	function	(see	box,	“Nursing	
Care	Plan	for	the	Patient	in	Shock”).

NURSING	CARE	PLAN
for the Patient in Shock

NURSING	DIAGNOSIS
Altered tissueperfusion related todecreasedbloodvolume (hypovolemicshock);decreasedmyocardial contractility (cardiogenic
shock);impairedcirculatorybloodflow(obstructiveshock);andwidespreadvasodilatation(septic,anaphylactic,orneurogenicshock)

PATIENT	OUTCOMES
Adequate	Tissue	Perfusion
• Alertandresponsive
• Skinwarmanddrywithgoodturgor
• Vitalsignsandhemodynamicparameterswithinnormallimits(seeTable11-3)
• Systolicanddiastolicbloodpressurewithin20mmHgofbaseline
• Heartrate60to100beatsperminute
• Oxygensaturation90%orgreater
• Normalbodytemperature
• Strongperipheralpulses
• Balancedintakeandoutput
• Stablebodyweight
• Urineoutputatleast0.5mL/kg/hr
• NormalserumandurinelaboratoryvaluesandABGresults
• Adequatepainmanagement
• Absenceofcomplications(ARDS,DIC,acutekidneyinjury,hepaticfailure,MODS)
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NURSING	CARE	PLAN—cont’d
for the Patient in Shock

NURSING	INTERVENTIONS RATIONALES

• Monitorforearlysymptomsofshock(seeTable11-2) • Initiateearlysupporttoimproveoutcomesandreducerisk
ofcomplications,organfailure,anddeath

• Establishormaintainpatentairway • Provideadequategasexchange
• Monitoroxygenation:pulseoximetry,ABGs,SvO2;administer

oxygentomaintainSpO2atleast90%
• Assessforneedforsupplementaloxygen;ensureadequate

oxygendeliverytothetissues
• Prepareforintubationandmechanicalventilationasneeded • Mechanicalventilationisfrequentlyrequiredtoensure

adequateventilationandreducetheworkofbreathing
• Establishintravenousaccess;uselarge-borecatheters

(14or16gauge);obtaincentralvenousaccess,ifpossible
• Providerapidfluidadministration;centralIVaccessallows

forfluidanddrugadministrationwithouttheconcernsof
peripheralinfiltrationandirritation

• Controlbleedingthroughtheapplicationofpressureor
surgicalintervention

• Preventbloodloss

• Administerfluidsasordered(crystalloids,colloids,blood
products)

• Maintaintissueperfusion

• Considerwarmingfluidsbeforeinfusing • Reducehypothermiaanditscomplications
• Replacebloodcomponentsasindicated;obtainlaboratory

specimenfortypeandcrossmatch
• Replacevolumelossassociatedwithbloodloss;prevent

transfusionreaction
• Evaluatepatient’sresponsetofluidchallengesandblood

productadministration:improvedvitalsigns,levelof
consciousness,urinaryoutput,hemodynamicvalues,
andserumandurinelaboratoryvalues

• Monitorresponsetotreatment

• Monitorforclinicalindicationsoffluidoverload()HR,)RR,
dyspnea,crackles)whenfluidsareadministeredrapidly

• Assessforsignsofvolumeoverloadinresponseto
treatment

• Monitorcardiopulmonarystatus:HR,RR,BP,MAP,skin
color,temperature,andmoisture,capillaryrefill,hemody-
namicvalues,cardiacrhythm,neckveins,lungsounds

• Monitorresponsetotreatment

• Monitorlevelofconsciousness • Assessperfusionofthecentralnervoussystem
• Monitorgastrointestinalstatus:abdominaldistention,bowel

sounds,gastricpH,vomiting,largeenteralfeedingresidual
• Assessperfusionofthegastrointestinalsystemandprevent

potentialcomplications
• Monitorfluidbalance:I&O,dailyweights,amountandtype

ofdrainage(chesttube,nasogastric,wounds)
• Evaluateneedforcontinuedfluidvolumesupport

• Monitorserialserumvalues:Hct,Hgb,WBC,PT,aPTT,
d-dimer,platelets,ABGs,chemistryprofile,lactate,cultures

• Evaluateresponsetotreatment

• Assessandtreatpainanddiscomfort:monitorpainlevel;
administeranalgesics;implementcomfortandrelaxation
measures(turning,repositioning,skincare,music);maintain
appropriateroomtemperature;evaluatepatient’sresponse

• Promotepatientcomfortandevaluateresponsetopain
management

• Administermedicationsasprescribedandspecificforthe
classificationofshock(seeTable11-4)

• Improveoutcomesandreducecomplications

• Providewoundcareasindicatedandevaluatehealing • Promotewoundhealingandpreventinfection
• Provideadequatenutritionalsupport;collaboratewithdietitian

aboutpatient’snutritionalneeds;promoteearlyenteralfeed
(iftolerated)

• Promoteoptimumcellfunctionandhealing;reduce
complications

• Providepsychologicalsupportforpatient,family,andothers • Reducethestressresponseandphysiologicaldemand;
promotefamilyfunctioning

• Evaluatepatientresponsetointerventionsandadjust
treatmentsaccordingly;monitorforcomplications

• Monitorpatientresponsetodetermineneedformodification
oftreatmentand/ornursingcare

ABG,Arterialbloodgas;aPTT,activatedpartialthromboplastintime;ARDS,acuterespiratorydistresssyndrome;BP,bloodpressure;DIC,
disseminatedintravascularcoagulation;Hct,hematocrit;Hgb,hemoglobin;HR,heartrate;I&O,intakeandoutput;IV,intravenous;MAP,mean
arterialpressure;MODS,multipleorgandysfunctionsyndrome;PT,prothrombintime;RR,respiratoryrate;SpO2,oxygensaturationbypulse
oximetry;SvO2,mixedvenousoxygensaturation;WBC,whitebloodcell.
BasedondatafromGulanickMandMyersJL.Nursing Care Plans: Diagnoses, Interventions, and Outcomes,7thedition,St.Louis:Mosby;
2011.
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CLASSIFICATION POSSIBLE	CAUSES CLINICAL	PRESENTATION MANAGEMENT

Hypovolemicshock External loss of blood: )HR Eliminateandtreatthecause
GIhemorrhage (BP Replacelostvolumewithap-

propriatefluidSurgery Tachypnea
Trauma Oliguria

External loss of fluid: Cool,paleskin
Diarrhea Decreasedmentalstatus
Diuresis Flatneckveins
Burns (CO,CI,RAP,PAP,PAOP

Internal sequestration of blood 
fluid:

)SVR
(SvO2

Hemoperitoneum )Hematocrit:iffromdehydration
Retroperitonealhemorrhage (Hematocrit:iffrombloodloss
Hemothorax
Hemomediastinum
Dissectingaorticaneurysm
Femurorpelvicfracture
Ascites
Pleuraleffusion

Cardiogenicshock Myocardialinfarction
Myocardialcontusion
Cardiomyopathy
Myocarditis
Severeheartfailure
Dysrhythmias
Valvulardysfunction

)HR
Dysrhythmias
(BP
Chestpain
Tachypnea
Oliguria
Cool,paleskin
(Mentation

Improvecontractilitywith
inotropicagents

Mechanicalsupport
Emergencyrevascularization
Reducepreload
Reduceafterload
Prevent/treatdysrhythmias

SPECIFIC CLASSIFICATIONS OF SHOCK
Table	11-5	provides	a	summary	of	the	classifications	of	shock.

Hypovolemic Shock
Hypovolemic	 shock	 occurs	 when	 the	 circulating	 blood	 vol-
ume	is	 inadequate	to	fill	 the	vascular	network.	Intravascular	
volume	deficits	may	be	caused	by	external	or	internal	losses	of	
either	 blood	 or	 fluid.	 In	 these	 situations,	 the	 intravascular	
blood	volume	is	depleted	and	unavailable	to	transport	oxygen	
and	nutrients	to	tissues.	The	severity	of	hypovolemic	shock	is	
dependent	upon	the	volume	deficit,	the	acuity	of	volume	loss,	
the	type	of	fluid	lost,	and	the	age	and	preinjury	health	status	
of	the	patient.

External	volume	deficits	include	loss	of	blood,	plasma,	or	
body	fluids.	The	most	common	cause	of	hypovolemic	shock	
is	hemorrhage.	External	 loss	of	blood	may	occur	after	trau-
matic	injury,	surgery,	or	obstetrical	delivery	or	with	coagula-
tion	 alterations	 (hemophilia,	 thrombocytopenia,	 DIC,	 and	
anticoagulant	 medications).	 External	 plasma	 losses	 may	 be	
seen	in	patients	with	burn	injuries	who	have	significant	fluid	
shifts	 from	 the	 intravascular	 space	 to	 the	 interstitial	 space	
(see	 Chapter	 20.	 Excessive	 external	 loss	 of	 fluid	 may	 occur	
through	the	gastrointestinal	tract	via	suctioning,	upper	gas-
trointestinal	 bleeding,	 vomiting,	 diarrhea,	 reduction	 in	 oral	
fluid	 intake,	 or	 fistulas;	 through	 the	 genitourinary	 tract	 as		

a	 result	 of	 excessive	 diuresis,	 diabetes	 mellitus	 with	 poly-
uria,	diabetes	insipidus,	or	Addison	disease;	or	through	the	
skin	secondary	to	diaphoresis	without	fluid	and	electrolyte		
replacement.

Blood	or	body	fluids	may	be	sequestered	within	the	body	
outside	the	vascular	bed.	Internal	sequestration	of	blood	may	
be	seen	in	patients	with	a	ruptured	spleen	or	liver,	hemotho-
rax,	hemorrhagic	pancreatitis,	fractures	of	the	femur	or	pel-
vis,	and	dissecting	aneurysm.	Internal	sequestration	of	body	
fluids	 includes	 ascites,	 peritonitis,	 and	 peripheral	 edema.	
Fluid	 sequestration	 is	 also	 seen	 in	 patients	 with	 intestinal	
obstruction,	 which	 causes	 fluid	 to	 leak	 from	 the	 intestinal	
capillaries	into	the	lumen	of	the	intestine.

Fluid	losses	may	be	obvious	or	subtle.	Assessment	includes	
weighing	dressings;	measuring	drainage	from	chest	or	naso-
gastric	tubes;	monitoring	potential	sites	for	bleeding,	such	as	
surgical	wounds,	or	IV	or	intraarterial	catheter	sites	after	re-
moval;	 and	 considering	 insensible	 losses,	 such	 as	 perspira-
tion.	Abdominal	girth	is	measured	periodically	in	patients	in	
whom	occult	bleeding	may	be	suspected	or	in	those	with	as-
cites.	Daily	weights	are	obtained	by	using	the	same	scale	with	
the	patient	wearing	 the	 same	clothing	at	 approximately	 the	
same	time	each	day.	Evaluation	of	the	hematocrit	is	useful	in	
determining	whether	blood	or	fluid	was	lost.	In	a	patient	with	
blood	 loss,	 the	 hematocrit	 will	 be	 decreased,	 whereas	 in	 a	
patient	with	fluid	loss,	the	hematocrit	will	be	increased.

TABLE 11-5  SUMMARY	OF	CLASSIFICATIONS	OF	SHOCK
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CLASSIFICATION POSSIBLE	CAUSES CLINICAL	PRESENTATION MANAGEMENT

Ventricularseptalrupture Leftventricularfailure
Rightventricularfailure
(CO,CI
)RAP,PAP,PAOP,SVR
(SvO2

Obstructiveshock Impaired diastolic filling:
Cardiactamponade
Tensionpneumothorax
Constrictivepericarditis
Compressionofgreatveins

Increased right ventricular 
afterload:
Pulmonaryembolism(PE)
Severepulmonaryhypertension
Increasedintrathoracicpressure

Increased left ventricular afterload:
Aorticdissection
Systemicembolization
Aorticstenosis
Abdominalhypertension

)HR
Dysrhythmias
(BP
Chestpain
Dyspnea
Oliguria
Cool,paleskin
Decreasedmentalstatus
Jugularvenousdistention
Cardiac tamponade: muffledheart

sounds,pulsusparadoxus
Tension pneumothorax:diminished

breathsoundsonaffectedside,tra-
chealshiftawayfromaffectedside

Pulmonary embolism:rightventricu-
larfailure

Aortic dissection:rippingchestpain,
pulsedifferencesbetweenleftand
rightside,widenedmediastinum

(CO,CI
)ornormalRAP,PAP,PAOP
)PVR,(SVR
(SvO2

Eliminatesourceofobstruc-
tionorcompression

Pericardiocentesisforcardiac
tamponade

Fibrinolytics,anticoagulants
forPE

Emergencydecompression
fortensionpneumothorax

Anaphylacticshock Foods:fish,shellfish,eggs,milk,
wheat,strawberries,peanuts,
treenuts(pecans,walnuts),food
additives

)HR;dysrhythmias
(BP
Chestpain
Tachypnea

Removeoffendingagentor
slowabsorption:remove
stinger;applyicetostingor
bite;discontinuedrug,dye,
blood;lavagestomachif
antigeningested;flushskin
withwater

Maintainairway,oxygenation,
andventilation;intubation
maybenecessary

Modifyorblocktheeffectsof
mediators:epinephrine,anti-
histamines,steroids

MaintainMAP

Drugs:antibiotics,ACEinhibitors,
aspirin,localanesthetics,narcot-
ics,barbiturates,contrastmedia,
bloodandbloodproducts,aller-
gicextracts

Flushed,warmtohotskin
Oliguria
Restlessness,changeinLOC,seizures
Nausea,vomiting,abdominalcramp-

ing,diarrhea
Bites or stings:venomoussnakes,

wasps,hornets,spiders,jellyfish,
stingrays,deerflies,fireants

Dyspnea,cough,stridor,wheezing,
dysphagia

Urticaria,angioedema,hives
Chemicals:latex,lotions,soap,

perfumes,iodine-containingsolu-
tions

(CO,CI
(RAP,PAP,PAOP,SVR
(SvO2

)IgE

Neurogenicshock Generalorspinalanesthesia (HR Eliminateandtreatthecause
Epiduralblock (BP MaintainMAP
Cervicalspinalcordinjury Hypothermia Maintainadequateheartrate
Drugs:barbiturates,phenothi-

azines,sympatheticblocking
agents

Warm,dry,flushedskin
Oliguria
Neurologicaldeficit

VTEprophylaxis

(CO,CI
(RAP,PAP,PAOP,SVR
(SvO2

TABLE 11-5  SUMMARY	OF	CLASSIFICATIONS	OF	SHOCK—cont’d

Continued

Cardiogenic
shock—cont’d
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CLASSIFICATION POSSIBLE	CAUSES CLINICAL	PRESENTATION MANAGEMENT

Septicshock Immunosuppression:
Extremesofage
Malnutrition
Alcoholismordrugabuse
Malignancy
Historyofsplenectomy
Chronichealthproblems
Immunosuppressivetherapies

Significant bacteremia:
Invasiveproceduresanddevices
Traumaticwoundsorburns
GIinfectionoruntreated

disease
Peritonitis
Foodpoisoning
Prolongedhospitalization
TranslocationofGIbacteria

(associatedwithNPOstatus)

Early, hyperdynamic, warm:
)HR
Normalor(BP
)Pulsepressure
Skinwarm,flushed
Confusion
Oliguria
)CO,CI
(RAP,PAP,PAOP,SVR
)SvO2

Late, hypodynamic, cold:
)HR
(BP
(Pulsepressure
Skincool,pale
(LOC
Anuria
Hypothermia
(CO,CI
VariableRAP,PAP,PAOP,SVR
(SvO2

Positiveculture

Goodhand-washing
techniques

Avoidinvasiveprocedures
Identifysourceofinfection
Meticulousoralandairway

care
Meticulouscatheterand

woundcare
AvoidNPOstatus:initiateand

maintainenteralnutrition
Antibioticsasindicatedby

cultureresults
Controlhyperthermia
MaintainMAP

ACE,Angiotensin-convertingenzyme;BP,bloodpressure;CI,cardiacindex;CO,cardiacoutput; GI,gastrointestinal;HR,heartrate;IgE,immu-
noglobulin;LOC,levelofconsciousness;MAP,meanarterialpressure;NPO,nothingbymouth;PAOP,pulmonaryarteryocclusionpressure;
PAP,pulmonaryarterypressure;PE,pulmonaryembolism;PVR,pulmonaryvascularresistance;RAP,rightatrialpressure;SvO2,mixedvenous
oxygensaturation;SVR,systemicvascularresistance;VTE,venousthromboembolism.

Hypovolemic	shock	results	in	a	reduction	of	intravascular	
volume	and	a	decrease	in	venous	return	to	the	right	side	of	the	
heart.	Ventricular	filling	pressures	(preload)	are	reduced,	re-
sulting	in	a	decrease	in	stroke	volume	and	cardiac	output.	As	
the	 cardiac	 output	 decreases,	 blood	 pressure	 decreases	 and	
tissue	perfusion	decreases.	Figure	11-7	summarizes	the	patho-
physiology	of	hypovolemic	shock.

Patients	 with	 hypovolemic	 shock	 present	 with	 signs		
and	symptoms	as	a	result	of	poor	organ	perfusion,	includ-
ing	altered	mentation	ranging	from	lethargy	to	unrespon-
siveness;	 rapid,	 deep	 respirations;	 cool,	 clammy	 skin	 with	
weak,	thready	pulses;	tachycardia;	and	oliguria.	Hypovole-
mic	shock	resulting	from	hemorrhage	is	classified	accord-
ing	to	the	volume	of	blood	lost	and	the	resultant	effects	on	
the	 level	 of	 consciousness,	 vital	 signs,	 and	 urine	 output	
(Table	11-6).

An	 increase	 in	abdominal	 girth	may	be	an	 indicator	of		
abdominal	bleeding	or	fluid	loss	 into	the	abdomen.	Ultra-
sonography	 is	 performed	 to	 determine	 the	 presence	 of		
abdominal	bleeding	or	fluid	loss.	If	bleeding	or	fluid	loss	is	
found,	computed	tomography	may	be	obtained	to	pinpoint	
sources	of	bleeding,	(hypovolemic	shock)	or	locate	possible	
abscesses,	which	can	cause	sepsis.

Management	of	hypovolemic	shock	focuses	on	identify-
ing,	treating,	and	eliminating	the	cause	of	the	hypovolemia	
and	replacing	 lost	fluid.	Examples	of	 treating	 the	cause	 in-
clude	 surgery,	 antidiarrheal	 medication	 for	 diarrhea,	 and	

insulin	 for	hyperglycemia.	The	 type	of	fluid	 lost	 is	 consid-
ered	when	determining	fluid	replacement.	 Isotonic	crystal-
loids	such	as	normal	saline	are	generally	used	first,	although	
blood	 and	 blood	 products	 may	 be	 administered	 if	 the	 pa-
tient	is	bleeding.	The	3-for-1	rule	is	used	which	recommends	
the	 replacement	 of	 300	 mL	 of	 isotonic	 solution	 for	 every		
100	 mL	 of	 blood	 lost.	 Hemodynamic	 monitoring	 provides	
objective	data	to	guide	fluid	replacement.	Patients	receiving	
blood	replacement	are	likely	to	require	less	than	3	times	the	
lost	volume.2	Hypertonic	saline	(3%)	expands	the	intravas-
cular	 volume	 by	 creating	 an	 osmotic	 effect	 that	 displaces	
water	from	the	intracellular	space.	Administration	of	hyper-
tonic	saline	is	an	alternative	in	trauma	patients	because	less	
volume	is	required.2

Cardiogenic Shock
Cardiogenic	shock	can	occur	when	the	heart	fails	to	act	as	an	
effective	pump.	A	decrease	in	myocardial	contractility	results	
in	 decreased	 cardiac	 output	 and	 impaired	 tissue	 perfusion.	
Cardiogenic	shock	is	one	of	the	most	difficult	types	of	shock	
to	treat	and	carries	a	hospital	mortality	of	67%.13

The	 most	 common	 cause	 of	 cardiogenic	 shock	 is	 an		
extensive	 left	 ventricular	 myocardial	 infarction.	A	 correla-
tion	exists	between	the	amount	of	myocardial	damage	and	
the	likelihood	of	cardiogenic	shock.	If	40%	or	more	of	the	
left	 ventricle	 is	 damaged,	 the	 likelihood	 of	 cardiogenic	
shock	increases.	Other	causes	of	cardiogenic	shock	include	

TABLE 11-5  SUMMARY	OF	CLASSIFICATIONS	OF	SHOCK—cont’d
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CLASS

INDICATORS I II III IV

Bloodloss(%bloodvolume) ,15% 15%-30% 30%-40% .40%

Bloodloss(mL) ,750 750-1500 1500-2000 .2000

Heartrateperminute ,100 100-120 120-140 .140

Bloodpressure Normal Normal Decreased Decreased

Pulsepressure Normalorincreased Decreased Decreased Decreased

Respiratoryrateperminute 14-20 20-30 30-40 .35

Urineoutput(mL/hr) .30 20-30 ,20 Negligible

CNS/mentalstatus Slightlyanxious Mildlyanxious Anxious,confused Confused,lethargy

Fluidreplacement Crystalloid Crystalloid Crystalloidandblood Crystalloidandblood

AdaptedfromAmericanCollegeofSurgeons’CommitteeonTrauma.(2008).Advanced trauma life support (ATLS) program for doctors student 
manual(8thed.).Chicago:AmericanCollegeofSurgeons.

CNS,Centralnervoussystem.

TABLE 11-6  SEVERITY	OF	HEMORRHAGIC	SHOCK

Shift of interstitial
fluid

Aldosterone, ADH

↓ Tissue perfusion

Impaired cellular
metabolism

↓ Cardiac output

Decreased intravascular
volume

↓ Cardiac output

More volume loss

 Cardiac output
Splenic discharge

 Volume

↓ Systemic and pulmonic
pressures

Catecholamine
release

 SVR

 Heart rate,
contractility

↑

↑ ↑

↑

FIGURE	11-7	 Hypovolemicshock.Thistypeofshockbecomeslifethreateningwhencompensa-
torymechanisms(orange boxes)areoverwhelmedbycontinuouslossofintravascularvolume.
ADH,Antidiuretichormone;SVR,systemicvascularresistance.(FromMcCanceKL,HuetherSE.
Pathophysiology. The Biologic Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;
2010.)
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dysrhythmias,	 cardiomyopathy,	 myocarditis,	 valvular	 dys-
function,	severe	heart	failure,	and	structural	disorders.13

The	pathophysiology	of	cardiogenic	shock	can	be	under-
stood	by	reviewing	cardiac	dynamics	of	cardiac	output	and	
stroke	 volume.	 When	 damage	 to	 the	 myocardium	 occurs,	
contractile	 force	 is	 reduced	 and	 stroke	 volume	 decreases.	
Ventricular	filling	pressures	 increase	because	blood	remains	
in	the	cardiac	chambers.	Cardiac	output	and	ejection	fraction	
decrease	causing	hypotension.	This	hypotension	brings	about	
a	 reflex	 compensatory	 peripheral	 vasoconstriction	 and	 in-
creased	afterload.	At	the	same	time,	backup	of	blood	into	the	
pulmonary	 circulation	 causes	 decreased	 oxygen	 perfusion	
across	alveolar	membranes,	thus	reducing	the	oxygen	tension	
in	the	blood	and	decreasing	cellular	metabolism.	Figure	11-8	
summarizes	the	pathophysiology	of	cardiogenic	shock.

An	increased	demand	is	placed	on	the	myocardium	as	it	
attempts	 to	 increase	 perfusion	 to	 the	 cells.	 The	 heart	 rate		
increases	 as	 a	 compensatory	 mechanism,	 resulting	 in	 an	
increased	oxygen	demand	on	an	overworked	myocardium.	
In	patients	with	cardiogenic	shock	secondary	to	acute	myo-
cardial	 infarction,	 the	 increased	 demand	 may	 increase		
infarction	size.

The	 clinical	 presentation	 of	 cardiogenic	 shock	 includes	
manifestations	 of	 left	 ventricular	 failure	 (S3	 heart	 sound,	
crackles,	 dyspnea,	 hypoxemia)	 and	 right	 ventricular	 failure	
(jugular	 venous	 distention,	 peripheral	 edema,	 hepatomeg-
aly).	A	pulmonary	artery	catheter	is	useful	in	trending	hemo-
dynamic	 parameters.	 In	 cardiogenic	 shock,	 cardiac	 output	
and	cardiac	index	decrease;	however,	RAP,	pulmonary	artery	
pressure	(PAP),	and	PAOP	increase	as	pressure	and	volume	
back	up	into	the	pulmonary	circulation	and	the	right	side	of	
the	heart.

Prevention	and	treatment	of	cardiogenic	shock	is	aimed	at	
promoting	 myocardial	 contractility,	 decreasing	 the	 myocar-
dial	oxygen	demand,	and	increasing	the	oxygen	supply	to	the	
damaged	 tissue.	Aggressive	 management	 after	 a	 myocardial	
infarction	includes	percutaneous	coronary	interventions,	in-
tracoronary	 stent	 placement,	 or	 both,	 fibrinolytic	 agents	
when	 primary	 percutaneous	 coronary	 intervention	 is	 not	
available,	 glycoprotein	 IIb/IIIa	 inhibitors,	 and	beta-blockers	
to	limit	the	size	of	the	infarction.	Pain	relief	and	rest	reduce	
the	workload	of	the	heart	and	the	infarct	size.	Oxygen	admin-
istration	 increases	 oxygen	 delivery	 to	 the	 ischemic	 muscle	
and	may	help	save	myocardial	tissue.18

↑

↑

Compensatory renin-
aldosterone, ADH

Adequate or
↑ blood volume ↑ SVR

Catecholamine
compensatory release

Systemic and
pulmonary edema

↓ Blood pressure

Dyspnea

 Preload, stroke volume,
and heart rate

 Myocardial oxygen requirements

↓ Cardiac output,
↓ ejection fraction

↓ Tissue perfusion

Myocardial dysfunction

Impaired cellular
metabolism

↓ Cardiac output

Ischemia

FIGURE	11-8	 Cardiogenicshock.ADH,Antidiuretichormone;SVR,systemicvascularresistance.
Shock becomes life threatening when compensatory mechanisms (orange boxes) cause in-
creasedmyocardialoxygenrequirements.(FromMcCanceKL,HuetherSE.Pathophysiology. The 
Biologic Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;2010.)
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Pharmacological	agents	are	administered	to	decrease	pre-
load	(RAP,	PAOP),	decrease	afterload	(SVR),	increase	stroke	
volume,	increase	cardiac	index,	and	increase	contractility	(see	
Table	11-4).	Diuretics	(e.g.,	furosemide)	and	venous	vasodi-
lators	 (e.g.,	 morphine,	 nitroglycerin,	 nitroprusside)	 reduce	
preload	and	venous	return	to	the	heart.	Nitroglycerin	at	low	
doses	 (,1	 mcg/kg/min)	 causes	 venous	 vasodilation	 to	 de-
crease	 preload.	 At	 higher	 doses	 (.1	 mcg/kg/min)	 arterial	
vasodilation	 decreases	 afterload.	 These	 drugs	 must	 be	 used	
cautiously	because	they	may	cause	hypotension,	thereby	con-
tributing	to	further	cellular	hypoperfusion.

Positive	 inotropic	 agents	 (e.g.,	 dobutamine)	 are	 given	 to	
increase	 the	 contractile	 force	 of	 the	 heart.	 As	 contractility	
increases,	 ventricular	 emptying	 improves,	 filling	 pressures	
decrease	 (RAP,	 PAOP),	 and	 stroke	 volume	 improves.	 The	
improved	 stroke	 volume	 increases	 cardiac	 output	 and	 im-
proves	 tissue	 perfusion.	 However,	 positive	 inotropic	 agents	
also	 increase	myocardial	oxygen	demand	and	must	be	used	
cautiously	in	patients	with	myocardial	ischemia.

Afterload	reduction	may	be	achieved	by	the	cautious	ad-
ministration	 of	 arterial	 vasodilators	 (e.g.,	 nitroprusside)	 to	
decrease	 SVR,	 increase	 stroke	 volume,	 and	 increase	 cardiac	
index.	 Blood	 pressure	 must	 be	 carefully	 monitored	 to	 keep	
the	mean	arterial	pressure	above	65	mm	Hg	to	ensure	organ	
perfusion.	Significant	hypotension	may	limit	the	use	of	arte-
rial	vasodilators,	as	coronary	artery	perfusion	pressure	may	
be	 reduced	 and	 worsen	 myocardial	 ischemia.	 In	 this	 situa-
tion,	afterload	reduction	is	achieved	through	the	insertion	of	
an	intraaortic	balloon	pump	(IABP).

The	IABP	is	a	cardiac	assist	device	that	provides	counter-
pulsation therapy	 concurrently	 with	 pharmacological	 sup-
port.	IABP	therapy	is	initiated	by	inserting	a	dual-chambered	
balloon	 into	 the	 descending	 thoracic	 aorta	 via	 the	 femoral	
artery.	The	balloon	is	inserted	percutaneously	at	the	patient’s	
bedside	or	under	fluoroscopy.	The	tip	of	the	balloon	is	posi-
tioned	just	distal	 to	the	 left	subclavian	artery	(Figure	11-9).	
Correct	placement	is	verified	by	chest	x-ray.

The	 IABP	 improves	 coronary	 artery	 perfusion,	 reduces	
afterload,	 and	 improves	 perfusion	 to	 vital	 organs.	 The	 bal-
loon	is	inflated	mechanically	with	helium.	Inflation	and	de-
flation	 are	 automatically	 timed	 with	 the	 cardiac	 cycle.	 The	
IABP	inflates	during	diastole	when	the	aortic	valve	is	closed.	
The	 inflation	 cycle	 displaces	 blood	 backward	 and	 forward	
simultaneously.	The	backward	flow	increases	perfusion	to	the	
coronary	arteries,	and	the	forward	flow	increases	perfusion	to	
vital	organs.	Balloon	deflation	occurs	just	before	systole	and	
left	 ventricular	 ejection.	 This	 sudden	 deflation,	 along	 with	
the	displacement	of	blood	that	occurred	during	diastole,	re-
duces	 the	pressure	 in	 the	aorta	and	decreases	afterload	and	
myocardial	oxygen	demand.	Desired	outcomes	for	a	patient	
in	 cardiogenic	 shock	 with	 an	 IABP	 include	 decreased	 SVR,	
diminished	 symptoms	 of	 myocardial	 ischemia	 (chest	 pain,	
ST-segment	elevation),	and	increased	stroke	volume	and	car-
diac	output.

Counterpulsation	 therapy	 with	 an	 IABP	 requires	 a	 high	
degree	 of	 nursing	 skill	 because	 of	 the	 complexity	 of	 the	

equipment	and	the	need	for	frequent	monitoring.	Many	in-
stitutions	require	nurses	to	be	credentialed	in	managing	the	
patient	with	an	IABP.	Limb	ischemia	and	embolic	phenom-
ena	are	potential	complications	that	must	be	assessed.	Other	
complications	include	dissection	of	the	aorta,	infection,	inef-
fective	pumping,	and	technical	problems.	Use	of	the	IABP	is	
contraindicated	in	patients	with	aortic	valve	insufficiency	or	
aortic	aneurysm.

Ventricular assist devices	(VADs)	may	be	used	temporarily	
to	support	a	failing	ventricle	that	has	not	responded	to	IABP	
therapy	and	pharmacological	therapy.	VADs	are	used	to	treat	
cardiogenic	 shock	 by	 allowing	 the	 ventricle	 to	 recover	 or		
to	support	the	patient	awaiting	cardiac	transplant	as	a	bridge	
to	transplant.	They	can	be	used	to	support	the	left	ventricle,	
the	 right	 ventricle,	 or	 both	 ventricles.	VADs	 vary	 in	 design	
and	technology.	In	general,	they	consist	of	an	external	pump,	
which	 diverts	 blood	 from	 the	 failing	 ventricle	 or	 ventricles	
and	 pumps	 it	 back	 into	 the	 aorta	 (left	 VAD	 [LVAD]),	 the	
pulmonary	artery	(right	VAD	[RVAD]),	or	both	great	vessels	
(Bi-VAD).	The	use	of	VADs	requires	extensive	 training	and	
advanced	nursing	care.	These	devices	are	not	typically	avail-
able	in	community	hospitals.

Obstructive Shock
Obstructive	 shock	 (also	 known	 as	 extracardiac	 obstructive	
shock)	 occurs	 when	 there	 is	 a	 physical	 impairment	 to	 ade-
quate	 circulatory	 blood	 flow.	 Causes	 of	 obstructive	 shock	
include	 impaired	 diastolic	 filling	 (cardiac	 tamponade,	 ten-
sion	pneumothorax,	constrictive	pericarditis,	compression	of	
the	great	veins),	increased	right	ventricular	afterload	(pulmo-
nary	 embolism,	 severe	 pulmonary	 hypertension,	 increased	
intrathoracic	pressures),	and	increased	left	ventricular	after-
load	(aortic	dissection,	 systemic	embolization,	aortic	 steno-
sis).	Obstruction	of	the	heart	or	great	vessels	either	impedes	
venous	return	to	the	right	side	of	the	heart	or	prevents	effec-
tive	 pumping	 action	 of	 the	 heart.	 This	 results	 in	 decreased	

A B
FIGURE	11-9	 Intraaorticballoonpump.Theballoonisdeflated
duringsystole(A)andinflatedduringdiastole(B).
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cardiac	output,	hypotension,	decreased	tissue	perfusion,	and	
impaired	cellular	metabolism	(Figure	11-10).

Common	clinical	findings	 in	obstructive	shock	include	
chest	 pain,	 dyspnea,	 jugular	 venous	 distention,	 and	 hy-
poxia.	Other	findings	are	dependent	on	the	cause.	Cardiac	
tamponade	 is	 manifested	 by	 muffled	 heart	 sounds,	 hypo-
tension,	 and	 pulsus	 paradoxus.	 Pulsus paradoxus	 is	 a	
decrease	in	systolic	blood	pressure	of	more	than	10	mm	Hg	
during	 inspiration.	 Tension	 pneumothorax	 is	 manifested	
by	diminished	breath	sounds	on	the	affected	side	and	tra-
cheal	shift	away	from	the	affected	side.	Massive	pulmonary	
embolism	 is	 manifested	 by	 clinical	 indications	 of	 right		
ventricular	 failure	 (jugular	 venous	 distention,	 peripheral	
edema,	 hepatomegaly).	Aortic	 dissection	 is	 manifested	 by	
complaints	of	ripping	chest	pain	that	radiates	to	the	back,	
pulse	 differences	 between	 the	 left	 and	 right	 side,	 and	 a		
widened	mediastinum	on	chest	x-ray,	echocardiogram,	or	
computed	tomography	scan.

Obstructive	shock	may	be	prevented	or	treated,	or	both,	
by	aggressive	interventions	to	relieve	the	source	of	the	com-
pression	or	obstruction.	Cardiac	tamponade	may	be	relieved	
by	a	pericardiocentesis,	or	the	removal	of	fluid	from	the	pericar-
dial	 sac.	A	 tension	pneumothorax	 from	blunt	or	penetrating	

chest	 injuries	 may	 be	 relieved	 by	 a	 needle	 thoracentesis	 to	
remove	 the	 accumulated	 intrathoracic	 pressure.	 The	 risk		
of	 pulmonary	 embolism	 may	 be	 reduced	 by	 early	 surgical	
reduction	of	long	bone	fractures,	devices	to	enhance	circula-
tion	 in	 immobile	 patients	 (e.g.,	 sequential	 compression		
devices),	 range-of-motion	 exercises,	 and	 prophylactic	 anti-
coagulant	therapy.

Distributive Shock
Distributive	shock,	also	known	as	vasogenic	shock,	describes	
several	different	types	of	shock	that	present	with	widespread	
vasodilation	 and	 decreased	 SVR.	 Neurogenic,	 anaphylactic,	
and	septic	shock	are	forms	of	distributive	shock.	Vasodilation	
increases	the	vascular	capacity;	however,	the	blood	volume	is	
unchanged,	resulting	in	a	relative	hypovolemia.	This	causes	a	
decrease	in	venous	return	to	the	right	side	of	the	heart	and	a	
reduction	in	ventricular	filling	pressures.	Anaphylactic	shock	
and	septic	shock	are	also	complicated	by	an	increase	in	capil-
lary	permeability,	which	decreases	intravascular	volume,	fur-
ther	compromising	venous	return.	Eventually,	in	all	forms	of	
distributive	shock,	stroke	volume,	cardiac	output,	and	blood	
pressure	decrease,	resulting	in	decreased	tissue	perfusion	and	
impaired	cellular	metabolism.

Neurogenic Shock
Neurogenic	shock	occurs	when	a	disturbance	in	the	nervous	
system	 affects	 the	 vasomotor	 center	 in	 the	 medulla.	 In	
healthy	persons,	the	vasomotor	center	initiates	sympathetic	
stimulation	of	nerve	fibers	that	travel	down	the	spinal	cord	
and	out	to	the	periphery.	There,	they	innervate	the	smooth	
muscles	 of	 the	 blood	 vessels	 to	 cause	 vasoconstriction.	 In	
neurogenic	shock,	there	is	an	interruption	of	impulse	trans-
mission	 or	 a	 blockage	 of	 sympathetic	 outflow	 resulting		
in	 vasodilation,	 inhibition	 of	 baroreceptor	 response,	 and	
impaired	 thermoregulation.	 Consequently,	 these	 reactions	
create	 vasodilation	 with	 decreased	 SVR,	 venous	 return,		
preload,	 and	 cardiac	 output	 and	 a	 relative	 hypovolemia.	
Figure	 11-11	 summarizes	 the	 pathophysiology	 of	 neuro-
genic	shock.

Causes	 of	 neurogenic	 shock	 include	 injury	 or	 disease	 of	
the	 upper	 spinal	 cord,	 spinal	 anesthesia,	 nervous	 system	
damage,	administration	of	ganglionic	and	adrenergic	block-
ing	 agents,	 and	 vasomotor	 depression.	 Patients	 who	 have	 a	
cervical	 spinal	 cord	 injury	 may	 experience	 a	 permanent	 or	
temporary	 interruption	 in	 sympathetic	 nerve	 stimulation.	
Spinal	 anesthesia	 may	 extend	 up	 the	 spinal	 cord	 and	 may	
block	sympathetic	nerve	 impulses	from	the	vasomotor	cen-
ter.	 Vasomotor	 depression	 may	 be	 seen	 with	 deep	 general	
anesthesia,	 injury	 to	 the	 medulla,	 administration	 of	 drugs,	
severe	pain,	and	hypoglycemia.

The	most	profound	features	of	neurogenic	shock	are	bra-
dycardia	 with	 hypotension	 from	 the	 decreased	 sympathetic	
activity.	The	skin	is	frequently	warm,	dry,	and	flushed.	Hypo-
thermia	develops	from	uncontrolled	heat	loss.	Venous	pool-
ing	in	the	lower	extremities	promotes	the	formation	of	deep	
vein	thrombosis,	which	can	result	in	pulmonary	embolism.	A	
neurological	deficit	may	be	evident.
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Management	 focuses	 on	 treating	 the	 cause,	 including	
reversal	 of	 offending	 drugs	 or	 glucose	 administration	 for	
hypoglycemia.	Immobilization	of	spinal	injuries	with	trac-
tion	devices	(halo	brace	to	maintain	alignment)	or	surgical	
intervention	 to	 stabilize	 the	 injury	 assists	 in	 preventing		
severe	neurogenic	shock.	For	patients	receiving	spinal	anes-
thesia,	elevating	the	head	of	 the	bed	may	prevent	 the	pro-
gression	 of	 the	 spinal	 blockade	 up	 the	 cord.	 IV	 fluids	 are	
infused	 to	 treat	hypotension;	however,	 they	must	be	given	
cautiously	 to	prevent	fluid	overload	and	cerebral	or	spinal	
cord	edema.6	Vasopressors	are	frequently	required	to	main-
tain	perfusion.	Alpha-	and	beta-adrenergic	agents,	 such	as	
dopamine	 or	 norepinephrine,	 are	 preferred	 because	 pure	
alpha-adrenergic	agents,	such	as	phenylephrine,	are	associ-
ated	 with	 persistent	 bradycardia.17	 Hypothermia	 is	 com-
mon	 so	 the	 patient	 is	 rewarmed	 slowly,	 because	 rapid	 re-
warming	 may	 cause	 vasodilation	 and	 worsen	 the	 patient’s	
hemodynamic	status.	Atropine	is	used	for	symptomatic	bra-
dycardia;	 however,	 a	 temporary	 or	 permanent	 pacemaker	
may	be	required.

Anaphylactic Shock
A	 severe	 allergic	 reaction	 can	 precipitate	 a	 second	 form	 of	
distributive	 shock	 known	 as	 anaphylactic	 shock.	 Antigens,	
which	are	foreign	substances	to	which	someone	is	sensitive,	
initiate	an	antigen-antibody	response.	Table	11-5	 lists	 some	
common	antigens	causing	anaphylaxis.

Once	an	antigen	enters	the	body,	antibodies	(immuno-
globulin	 E	 [IgE])	 are	 produced	 that	 attach	 to	 mast	 cells		
and	 basophils.	 The	 greatest	 concentrations	 of	 mast	 cells		
are	found	in	the	lungs,	around	blood	vessels,	in	connective	
tissue,	 and	 in	 the	 uterus.	 Mast	 cells	 are	 also	 found	 to	 a	
lesser	 extent	 in	 the	 kidneys,	 heart,	 skin,	 liver,	 and	 spleen	
and	in	the	omentum	of	the	gastrointestinal	tract.	Basophils	
circulate	 in	the	blood.	Both	mast	cells	and	basophils	con-
tain	 histamine	 and	 histamine-like	 substances,	 which	 are	
potent	vasodilators.

The	initial	exposure	(primary	immune	response)	to	the	an-
tigen	does	not	usually	cause	any	harmful	effects;	however,	sub-
sequent	 exposures	 to	 the	 antigen	 may	 cause	 an	 anaphylactic	
reaction	(secondary	immune	response).	The	antigen-antibody	
reaction	causes	cellular	breakdown	and	the	release	of	powerful	
vasoactive	mediators	from	the	mast	cells	and	basophils.	These	
mediators	 cause	 bronchoconstriction,	 excessive	 mucus	 secre-
tion,	vasodilation,	increased	capillary	permeability,	 inflamma-
tion,	 gastrointestinal	 cramps,	 and	 cutaneous	 reactions	 that	
stimulate	nerve	endings,	causing	itching	and	pain.	Figure	11-12	
summarizes	 the	 pathophysiology	 of	 anaphylactic	 shock.	 The	
combined	 effects	 result	 in	 decreased	 blood	 pressure,	 relative	
hypovolemia	 caused	 by	 the	 vasodilation	 and	 fluid	 shifts,	 and	
symptoms	of	anaphylaxis	that	primarily	affect	the	skin,	respira-
tory,	and	gastrointestinal	systems.

Obtaining	a	thorough	history	of	allergies	and	drug	reac-
tions,	especially	reactions	to	drugs	with	similar	structures,	is	
an	important	strategy	to	prevent	anaphylactic	shock.	For	ex-
ample,	 if	patients	are	allergic	to	penicillin,	they	are	likely	to	
have	 a	 reaction	 to	 ampicillin	 (Principen),	 carbenicillin	
(Geopen),	or	nafcillin	sodium.	The	response	to	IV	adminis-
tration	of	medications,	particularly	antibiotics,	is	monitored.	
Injecting	 small	 amounts	of	a	drug	before	 the	entire	dose	 is	
given	is	recommended	to	assist	in	detecting	a	possible	reac-
tion.	Care	is	taken	during	the	transfusion	of	blood	or	blood	
products,	which	can	result	 in	allergic	reactions.	The	patient	
receiving	 any	 of	 these	 products	 is	 observed	 closely	 for	 any	
signs	of	an	allergic	reaction.

The	 clinical	 presentation	 of	 anaphylactic	 shock	 includes	
flushing,	 pruritus,	 urticaria,	 and	 angioedema	 (swelling	 of	
eyes,	lips,	tongue,	hands,	feet,	genitalia).	Cough,	runny	nose,	
nasal	 congestion,	 hoarseness,	 dysphonia,	 and	 dyspnea	 are	
common	because	of	upper	airway	obstruction	from	edema	of	
the	larynx,	epiglottis,	or	vocal	cords.	Stridor	may	occur	as	a	
result	of	laryngeal	edema.	Lower	airway	obstruction	may	re-
sult	 from	 diffuse	 bronchoconstriction	 and	 cause	 wheezing	
and	chest	tightness.	Tachycardia	and	hypotension	occur,	and	
the	patient	may	show	signs	of	pulmonary	edema.	Gastroin-
testinal	symptoms	of	nausea,	vomiting,	cramping,	abdominal	
pain,	 and	 diarrhea	 may	 also	 occur.	 Neurological	 symptoms	
include	lethargy	and	decreased	consciousness.	Elevated	levels	
of	IgE	are	seen	on	laboratory	analysis.

Goals	 of	 therapy	 are	 to	 remove	 the	 antigen,	 reverse	 the	
effects	of	the	mediators,	and	promote	adequate	tissue	perfu-
sion.	 If	 the	 anaphylactic	 reaction	 results	 from	 medications,	
contrast	dye,	or	blood	or	blood	products,	the	infusion	is	im-
mediately	 stopped.	 Airway,	 ventilation,	 and	 circulation	 are	
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supported.	Laryngeal	edema	may	be	severe	enough	to	require	
intubation	or	cricothyrotomy	if	swelling	is	so	severe	that	an	
endotracheal	tube	cannot	be	placed.	Oxygen	is	administered	
to	keep	the	SpO2	greater	than	90%.	Removal	of	the	offending	
agent	is	achieved	by	removing	the	stinger,	administering	an-
tivenom,	 stopping	 the	 drug,	 performing	 gastric	 lavage,	 or	
flushing	the	skin.31

Epinephrine	is	the	drug	of	choice	for	treating	anaphylactic	
shock.	 Epinephrine	 is	 an	 adrenergic	 agent	 that	 promotes	
bronchodilation	 and	 vasoconstriction.	 For	 mild	 reactions,	
epinephrine	0.1	to	0.25	mg	(1.0	to	2.5	mL	of	a	1:10,000	solu-
tion)	is	administered	intramuscularly	or	subcutaneously.	The	
dose	may	be	repeated	at	20-	to	30-minute	intervals	until	ana-
phylaxis	 is	 resolved.	 To	 block	 histamine	 release,	 diphenhy-
dramine	(Benadryl),	an	H1-receptor	blocker,	or	ranitidine,	an	
H2-receptor	 blocker,	 may	 decrease	 some	 of	 the	 cutaneous	
symptoms	 of	 anaphylaxis,	 but	 both	 are	 considered	 second-
line	treatment.31	Corticosteroids	such	as	methylprednisolone	
(Solu-Medrol)	 are	 used	 to	 reduce	 inflammation.	 Fluid	 re-
placement,	 positive	 inotropic	 agents,	 and	 vasopressors	 may	
be	required.

Septic Shock
Septic	shock	is	one	component	of	a	continuum	of	progressive	
clinical	insults	including	SIRS,	sepsis,	and	MODS.	In	the	past,	
there	 has	 been	 confusion	 about	 what	 these	 various	 syn-
dromes	 represented.	 Because	 of	 this	 confusion	 and	 the		
complexity	 of	 these	 syndromes,	 consensus	 definitions	 were	
identified	 in	 19928	 and	 were	 reviewed	 in	 2001.21	 The	 2001	
consensus	group	took	the	definitions	a	step	further	by	iden-
tifying	diagnostic	criteria	for	sepsis.	The	intent	of	the	criteria	
is	to	provide	a	tool	to	recognize	and	diagnose	sepsis	quickly,	
prompt	the	search	for	an	infectious	source,	and	to	initiate	the	
appropriate	therapy.	None	of	the	diagnostic	criteria	are	spe-
cific	 for	 sepsis	 because	 these	 parameters	 can	 be	 altered	 by	
other	conditions.	The	definitions	and	diagnostic	criteria	are	
presented	 in	Table	11-7.	 Invasion	of	 the	host	by	a	microor-
ganism	or	an	infection	begins	the	process	that	may	progress	
to	 sepsis,	 followed	 by	 severe	 sepsis	 and	 septic	 shock,	 which	
progresses	to	MODS.

Once	a	microorganism	has	invaded	a	host,	an	inflamma-
tory	response	is	initiated	to	restore	homeostasis.	SIRS	occurs,	
leading	 to	 release	 of	 inflammatory	 mediators	 or	 cytokines,	
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CLINICAL	CONDITION	AND	DEFINITION DIAGNOSTIC	CRITERIA MANAGEMENT

Infection:Inflammatoryresponsetomicro-
organisms

Fever Administerantibiotics
Surgicalexcisionordrainageofsourceof

infection

SIRS:Systemicinflammatoryresponseto
aclinicalinsultincludinginfection,pancre-
atitis,ischemia,trauma,orhemorrhagic
shock

Tachycardia(HR90beats/min)
Respiratoryrate.20breaths/minor

PaCO2,32mmHg
Temperature.38°C(hyperthermia)or

,36°C(hypothermia)

Administerantibiotics
Removesourceofinfection
Maintainadequateventilationand

oxygenation
Replacefluid

Sepsis:Systemicresponsetoinfection
manifestedbytwoormoreofthesymp-
tomsnotedwithSIRS

Leukocytosis(WBCcount.12,000
cells/microliter)orleukopenia(WBC
count,4000cells/microliter)or
.10%immaturebands

Antipyretics

Severe	sepsis:Sepsisassociatedwithor-
gandysfunction.

Asabovewithevidenceofimpaired
systemicperfusionandorganfunc-
tion,possiblyincludinglacticacidosis,
oliguria,oracutechangeinmental
status

Administerantibiotics
Removesourceofinfection
Maintainadequateventilationand

oxygenation
Maximizeoxygendelivery;minimize

oxygendemand
Replacefluid
Administervasoactivemedications
Correctacid-baseabnormalities
Monitorandsupportorganfunction
Considerhydrocortisoneifpoorresponse

tofluidsandvasoactivemedication12

Septic	shock:Sepsiswithhypotensionde-
spiteadequatefluidresuscitation,along
withperfusionabnormalities

Hypotension
Lacticacidosis,oliguria,acutechange

inmentalstatus
Patientsreceivinginotropicagentsor

vasopressorsmaynotexhibithypo-
tension

Administerantibiotics
Maintainadequateventilationand

oxygenation
Maximizeoxygendelivery;minimize

oxygendemand
Replacefluid
Administervasoactivemedications
Correctacid-baseabnormalities
Monitorandsupportorganfunction
Considerhydrocortisoneifpoorresponse

tofluidsandvasoactivemedication12

MODS:Alteredorganfunctioninacutelyill
patients

SeeTable11-9 Maintainadequateventilationand
oxygenation

Maximizeoxygendelivery;minimize
oxygendemand

Performdialysis
Monitorandsupportorganfunction
Monitorclottingstudiesandbleeding

DefinitionsmodifiedfromDellingerRP,LevyMM,CarletJM,BionJ,ParkerM,JaeschkeR,etal.SurvivingSepsisCampaign:International
guidelinesformanagementofseveresepsisandsepticshock:2008.Critical Care Medicine, 2008;36(1),298-327.

HR,Heartrate;MODS,multipleorgandysfunctionsyndrome;PaCO2,partialpressureofarterialcarbondioxide;SIRS,systemicinflammatory
responsesyndrome;WBC,whitebloodcell.

which	are	produced	by	 the	white	blood	cells.	SIRS	can	also	
occur	as	a	result	of	trauma,	shock,	pancreatitis,	or	ischemia.12	
For	reasons	not	completely	understood,	SIRS	may	progress	to	
septic	shock	and	MODS	(Figure	11-13).	Cytokines	are	proin-
flammatory	 or	 antiinflammatory.	 Proinflammatory	 cyto-
kines	 including	 tumor	 necrosis	 factor,	 interleukin-1a,	 and	

interleukin-b	 produce	 pyrogenic	 responses	 and	 initiate	 the	
hepatic	 response	 to	 infection.	 Antiinflammatory	 cytokines	
including	nitric	oxide,	lipopolysaccharide,	and	interleukin-1–
receptor	 antagonist	 are	 compensatory,	 ensuring	 that	 the		
effect	of	the	proinflammatory	mediators	does	not	become	de-
structive.	 In	 sepsis,	 continued	activation	of	proinflammatory	

TABLE 11-7  	CLINICAL	CONDITION,	DIAGNOSTIC	CRITERIA,	AND	MANAGEMENT	
IN	THE	CONTINUUM	OF	SEPSIS
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cytokines	 overwhelms	 the	 antiinflammatory	 cytokines	 and	
excessive	systemic	inflammation	results.

A	state	of	enhanced	coagulation	occurs	through	stimula-
tion	 of	 the	 coagulation	 cascade,	 with	 a	 reduction	 in	 the	
levels	of	activated	protein	C	and	antithrombin	III.	This	re-
sults	 in	 the	 generation	 of	 thrombin	 and	 the	 formation	 of	
microemboli	 that	 impair	 blood	 flow	 and	 organ	 perfusion.	

Fibrinolysis	is	activated	in	response	to	the	activation	of	the	
coagulation	cascade	to	promote	clot	breakdown.	However,	
activation	 is	 followed	 by	 inhibition,	 further	 promoting		
coagulopathy.	This	imbalance	among	inflammation,	coagu-
lation,	 and	 fibrinolysis	 results	 in	 systemic	 inflammation,	
widespread	 coagulopathy,	 and	 microvascular	 thrombi	 that	
impair	tissue	perfusion,	leading	to	MODS.
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EARLY	(HYPERDYNAMIC;	LOOKS	LIKE	INFECTION) LATE	(HYPODYNAMIC;	LOOKS	LIKE	SHOCK)

Clinical	Presentation
Tachycardia Tachycardia
Pulsesbounding Pulsesweakandthready
Bloodpressure:normalorlow Hypotension
Widepulsepressure Narrowpulsepressure
Skinwarm,flushed Skincool,pale
Hyperpnea Bradypneaortachypnea
Changeinmentalstatus(irritabilityandconfusion) (Levelofconsciousness(lethargyorcoma)
Oliguria Anuria
Hyperthermia Hypothermia

Hemodynamic	Parameters
)CO/CI (CO/CI
(RAP/PAP/PAOP RAP/PAP/PAOPvariable
(SVR SVRvariable
)SvO2 (SvO2

Diagnostic	Findings
ABGs:respiratoryalkalosiswithhypoxemia ABGs:metabolicacidosiswithhypoxemia
)PTandaPTT )PTandaPTT
(Platelets (Platelets
)WBCcount (WBCcount
)Glucose (Glucose

)BUN,creatinine
)Serumarteriallactate
)Amylase,lipase
)AST,ALT,LDH

ABGs,Arterialbloodgases;ALT,alanineaminotransferase;aPTT,activatedpartialthromboplastintime;AST,aspartateaminotransferase;BUN,
bloodureanitrogen;CI,cardiacindex;CO,cardiacoutput;LDH,lacticdehydrogenase;PAOP,pulmonaryarteryocclusionpressure;PAP,pulmonary
arterypressure;PT,prothrombintime;RAP,rightatrialpressure;SvO2,oxygensaturationofvenousblood;SVR,systemicvascularresistance;
WBC,whitebloodcell.

These	inflammatory	mediators	also	damage	the	endothe-
lial	cells	that	line	blood	vessels,	producing	profound	vasodi-
lation	and	increased	capillary	permeability.	Initially,	this	re-
sults	 in	 tachycardia,	 hypotension,	 and	 low	 SVR.	 Although	
norepinephrine	and	 the	renin-angiotensin-aldosterone	sys-
tem	are	activated	 in	response	 to	 this	clinical	 state,	 they	are	
unable	to	enter	the	cells,	and	hypotension	and	vasodilation	
persist.	In	contrast,	the	plasma	levels	of	the	antidiuretic	hor-
mone	(ADH	or	vasopressin)	are	low	despite	the	presence	of	
hypotension.	 The	 exact	 mechanism	 that	 creates	 this	 low	
concentration	is	not	known;	however,	administering	a	con-
tinuous	 vasopressin	 infusion	 significantly	 increases	 blood	
pressure	in	septic	shock.20

Once	sepsis	is	present,	it	can	progress	to	septic	shock.	Sep-
tic	 shock	 is	 sepsis	with	hypotension	 that	 is	unresponsive	 to	
fluid	resuscitation	along	with	signs	of	inadequate	organ	per-
fusion	such	as	metabolic	acidosis,	acute	encephalopathy,	oli-
guria,	 hypoxemia,	 or	 coagulation	 disorders.	 The	 clinical	
course	of	septic	shock	is	frequently	differentiated	between	the	
early	(warm,	hyperdynamic)	phase	and	the	late	(cold,	hypo-
dynamic)	phase	(Table	11-8).

Factors	that	increase	the	risk	of	developing	sepsis	are	cate-
gorized	as	either	situations	that	cause	immunosuppression	or	

situations	 that	cause	significant	bacteremia	(see	Table	11-5).	
Sepsis	 is	 infection	 with	 SIRS	 and	 is	 the	 systemic	 response		
to	 infection.	 SIRS	 is	 present	 if	 two	 or	 more	 of	 the	 clinical	
manifestations	of	SIRS	are	identified	(see	Table	11-7).	Sepsis	
can	 advance	 to	 severe	 sepsis	 with	 hypotension,	 chills,	 de-
creased	urine	output,	decreased	skin	perfusion,	poor	capillary	
refill,	skin	mottling,	decreased	platelets,	petechiae,	hyperglyce-
mia,	and	unexplained	changes	in	mental	status.14

Prevention	 of	 sepsis	 is	 promoted	 by	 preventing	 infec-
tions,	including	proper	hand	washing,	use	of	aseptic	tech-
nique,	and	awareness	of	the	patient	at	risk.	The	critically	ill	
patient	 is	 debilitated	 and	 has	 many	 potential	 portals	 of	
entry	 for	 bacterial	 invasion.	 Meticulous	 technique	 is	 re-
quired	 during	 procedures	 such	 as	 suctioning,	 dressing	
changes,	and	wound	care	and	when	handling	catheters	or	
tubes.	 Frequent	 assessment	 of	 temperature,	 wounds,	 and	
laboratory	results	including	white	blood	cell	count,	differ-
ential	counts,	and	cultures	is	important	for	the	identifica-
tion	of	infection.

Gram-negative	bacteria	such	as	Escherichia coli,	Klebsi-
ella	species,	or	Pseudomonas	species	are	a	common	cause	of	
infections	in	adults.	Common	sites	of	infection	include	the	
pulmonary	 system,	 urinary	 tract,	 gastrointestinal	 system,	

TABLE 11-8  STAGES	OF	SEPTIC	SHOCK
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and	wounds.	Urinary	tract	infection	is	an	often	overlooked	
cause	 of	 secondary	 bloodstream	 infections.	 Minimizing		
the	 use	 of	 indwelling	 catheters	 by	 assessing	 daily	 their		
need	 and	 promptly	 removing	 unnecessary	 catheters	 is		
recommended.25,28

Gram-positive	bacteria	 such	as	Staphylococcus aureus can	
also	 lead	 to	 sepsis	and	septic	 shock.	These	bacteria	 release	a	
potent	toxin	that	exerts	its	effects	within	hours.	Gram-positive	
infection	has	been	associated	with	the	use	of	tampons	in	men-
struating	women	(known	as	toxic	shock	syndrome);	however,	
it	 is	also	 seen	after	vaginal	and	cesarean	delivery	and	 in	pa-
tients	with	 surgical	wounds,	 abscesses,	 infected	burns,	 abra-
sions,	insect	bites,	herpes	zoster,	cellulitis,	septic	abortion,	and	
osteomyelitis.	 In	 addition,	 the	 bacteria	 may	 be	 transmitted	
from	mother	 to	newborn.	Management	 includes	 antimicro-
bial	therapy,	removal	of	the	source	of	infection	if	one	is	found,	
fluid	 resuscitation,	 and	 vasoactive	 medication	 to	 improve	
cardiac	performance.

Pneumonia	 is	 a	 common	 trigger	 for	 sepsis.	 Ventilator-	
associated	 pneumonia	 (VAP)	 is	 a	 significant	 risk	 factor	 for	
the	development	of	sepsis.	Several	strategies	have	been	iden-
tified	that	reduce	the	risk	of	ventilator-associated	pneumonia	
and	are	easily	implemented.	These	include	providing	regular	
oral	 care	 with	 chlorhexidine-based	 antiseptic	 to	 intubated	
patients,	 and	 reducing	 the	 number	 of	 ventilator	 circuit	
changes.1,3,12	VAP	 prevention	 measures	 also	 include	 venous	
thromboembolism	 (VTE)	 prophylaxis,	 stress	 ulcer	 prophy-
laxis,	and	ventilator	weaning	trials.	This	capacity	is	assessed	
with	a	“sedation	vacation,”	a	planned	holding	of	sedation	to	
evaluate	the	patient’s	ability	to	wean	from	the	ventilator.	An-
other	strategy	is	the	use	of	an	endotracheal	tube	with	a	dorsal	
lumen	 to	 allow	 continuous	 suction	 of	 secretions	 from	 the	
subglottic	area.15

Timely	 identification	 of	 the	 causative	 organism	 and	 the	
initiation	of	appropriate	antibiotics	improve	survival	of	pa-
tients	with	sepsis	or	septic	shock.16	Any	catheter	suspected	to	
be	a	source	of	infection	should	be	removed.	Surgery	may	be	
required	 to	 locate	 the	 source	of	 infection,	drain	an	abscess,	
and/or	debride	any	necrosis.

Before	antibiotic	therapy	is	initiated,	culture	and	sensitiv-
ity	 tests	 of	 blood,	 urine,	 sputum,	 wound,	 tip	 of	 a	 catheter,	
and	any	suspicious	site	are	obtained.	This	helps	 to	 identify	
the	source	of	the	infection,	the	type	of	organisms,	and	which	
antibiotics	 should	 be	 used.27	 However,	 the	 need	 for	 early	
administration	 of	 antibiotics,	 preferably	 within	 1	 hour,	 re-
quires	the	initial	antibiotic	selection	be	directed	toward	the	
most	 likely	organism,	and	frequently,	empirical	and	broad-
spectrum	 antibiotics	 are	 initiated.12	 Antibiotics	 may	 be	
changed	after	Gram	stain	results	(approximately	4	hours)	or	
culture	and	sensitivity	results	(approximately	72	hours)	are	
available.	 Antibiotics	 are	 discontinued	 if	 the	 cause	 of	 the	
sepsis	 is	not	bacterial.	Unfortunately,	antibiotics	do	not	act	
on	 the	 immune	 response	 to	 infection	 and	 do	 not	 directly	
improve	tissue	perfusion.

Early	 goal-directed	 therapy	 has	 been	 shown	 to	 decrease	
mortality	in	patients	with	severe	sepsis	and	septic	shock	and	

is	advocated	 for	 the	first	6	hours	of	 sepsis	 resuscitation.29,36	
Early	 goal-directed	 therapy	 includes	 administration	 of	 IV	
fluids	 to	 keep	 the	 central	 venous	 pressure	 at	 8	 mm	 Hg	 or	
greater	(but	not	.15	mm	Hg)	and	the	heart	rate	at	less	than	
110	beats	per	minute,	administration	of	vasopressors	to	keep	
the	mean	arterial	pressure	at	65	mm	Hg	or	greater,	and	ad-
ministration	of	dobutamine,	packed	red	blood	cells,	or	both	
to	keep	the	central	venous	oxygen	saturation	(ScvO2)	at	70%	
or	greater.12,36,40

Isotonic	crystalloid	solutions	are	infused	for	fluid	resus-
citation.	Colloids	are	 likely	 to	 leak	out	of	 the	vascular	bed	
into	the	interstitium	because	of	increased	capillary	perme-
ability.	 Vasopressors,	 frequently	 norepinephrine	 or	 dopa-
mine,	are	used	to	increase	SVR	and	mean	arterial	pressure.	
Vasopressin	 may	 be	 added	 to	 norepinephrine,	 especially	
when	high	doses	of	norepinephrine	are	required.23	Advan-
tages	of	vasopressin	include	decreasing	exogenous	catechol-
amines	and	 increasing	 the	release	of	cortisol	and	ACTH.20	
In	 addition,	 vasopressin	 causes	 vasoconstriction	 without	
the	 adverse	 effects	 of	 tachycardia	 and	 ventricular	 ectopy	
seen	with	catecholamines	such	as	dopamine	or	norepineph-
rine.	Dobutamine	may	be	used	 to	 increase	 the	myocardial	
contractility	 and	 improve	 the	 cardiac	 index	 and	 DO2	 in	
patients	with	a	decreased	ScvO2.	If	the	patient’s	hematocrit	
is	 less	 than	 30%,	 the	 administration	 of	 packed	 red	 blood	
cells	is	advocated	to	increase	DO2.32

Elevated	 cardiac	 troponin	 levels	 and	 elevated	 brain		
natriuretic	peptide	(BNP)	indicate	left	ventricular	dysfunc-
tion	and	a	poor	prognosis	in	patients	with	sepsis	and	septic	
shock.22,38	 ACTH-stimulated	 cortisol	 levels	 may	 be	 mea-
sured	 because	 poor	 ACTH-cortisol	 responses	 are	 associ-
ated	 with	 a	 high	 mortality.11	 Corticosteroids	 have	 been	
shown	to	reduce	mortality	for	those	patients	with	sepsis	or	
septic	 shock	 who	 have	 an	 inadequate	 response	 to	 the	
ACTH	 stimulation	 test.5	 Routine	 use	 of	 corticosteroids,	
however,	 is	 not	 recommended	 because	 of	 the	 effects	 on	
glucose	homeostasis,	the	risk	for	infection,	and	the	poten-
tial	for	myopathy.34

In	severe	sepsis,	the	patient	has	excessive	coagulation,	in-
flammation,	and	impaired	fibrinolysis.	Recombinant	human	
activated	 protein	 C	 (drotrecogin	 alfa	 [Xigris])	 is	 an	 antiin-
flammatory,	 antithrombotic,	 and	 profibrinolytic	 agent	 that	
reduces	the	inflammatory,	clotting,	and	bleeding	responses	to	
sepsis.	It	has	been	shown	to	reduce	mortality	in	patients	with	
severe	sepsis	with	dysfunction	of	two	organ	systems.7	Contin-
ued	evaluation	has	 failed	 to	 show	a	 survival	benefit	 for	pa-
tients	with	severe	sepsis	and	septic	shock.	The	manufacturer	
announced	 a	 voluntary	 recall	 from	 the	 market	 in	 October	
2011	(www.fda.gov/Drugs/DrugSafety/ucm277114.htm).

Hyperglycemia	and	insulin	resistance	are	common	in	the	
patient	 with	 sepsis.	 The	 effect	 is	 even	 more	 significant	 in	
patients	 with	 MODS	 caused	 by	 sepsis.37	 Guidelines	 pub-
lished	 in	 200812	 recommend	 frequent	 glucose	 testing	 and	
intensive	 IV	 insulin	 protocols	 to	 maintain	 blood	 glucose	
levels	at	less	than	150	mg/dL.	Data	from	the	NICE-SUGAR	
trial24	suggest	that	the	target	be	less	than	180	mg/dL.	On	the	

http://www.fda.gov/Drugs/DrugSafety/ucm277114.htm
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basis	of	 those	results,	normal	blood	glucose	 levels	may	not	
be	the	clinical	goal.

Although	pyrogens	(polypeptides	that	produce	fever)	aid	in	
activation	of	the	immune	response,	temperature	reduction	is	
considered	for	core	body	temperatures	of	41°	C	or	higher	be-
cause	of	the	significant	increase	in	oxygen	consumption.	Treat-
ment	of	fever	includes	physiological	cooling	(ice	packs,	tepid	
baths,	cooling	blanket,	or	misting)	along	with	administration	
of	 antipyretics	 (acetaminophen,	 ibuprofen,	 or	 aspirin).	 Care	
must	be	taken	to	avoid	overcooling	because	hypothermia	ad-
versely	 affects	 oxygen	 delivery	 and	 may	 result	 in	 shivering,	
which	increases	oxygen	consumption.

Many	 experimental	 therapies	 have	 been	 advocated	 for	
sepsis	 and	 septic	 shock.	 Plasmapheresis	 may	 remove	 endo-
toxin	and	other	harmful	 substances	produced	by	either	 the	
infective	organism	or	the	inflammatory	process.19	Immuno-
globulins	may	also	be	prescribed,	especially	in	patients	who	
are	immunocompromised.19

MULTIPLE ORGAN DYSFUNCTION 
SYNDROME
MODS	is	the	progressive	dysfunction	of	two	or	more	organ	
systems	as	a	result	of	an	uncontrolled	inflammatory	response	
to	severe	illness	or	injury.	Organ	dysfunction	can	progress	to	
organ	failure	and	death.	The	most	common	causes	of	MODS	
are	sepsis	and	septic	shock;	however,	MODS	can	occur	after	
any	severe	 injury	or	disease	process	 that	activates	a	massive	
systemic	inflammatory	response	including	any	classification	
of	 shock.	 The	 immune	 system	 and	 the	 body’s	 response	 to	
stress	can	cause	maldistribution	of	circulating	volume,	global	
tissue	hypoxia,	and	metabolic	alterations	that	result	in	dam-
age	 to	 organs.	 Failure	 of	 two	 or	 more	 organs	 is	 associated	
with	 an	 estimated	 45%	 to	 55%	 mortality,	 80%	 mortality	
when	three	or	more	organ	systems	fail,	and	100%	mortality	if	
three	or	more	organ	systems	fail	for	longer	than	4	days.4

Damage	 to	 organs	 may	 be	 primary	 or	 secondary.	 In	 pri-
mary MODS	 there	 is	 direct	 injury	 to	 an	 organ	 from	 shock,	
trauma,	burn	injury,	or	infection	with	impaired	perfusion	that	
results	in	dysfunction.	Decreased	perfusion	may	be	localized	
or	systemic.	As	a	result	of	this	insult,	the	stress	response	and	
inflammatory	response	are	activated	with	the	release	of	cate-
cholamines	 and	 activation	 of	 mediators	 that	 affect	 cellular	
activity	(Figure	11-14).

Secondary MODS	is	a	consequence	of	widespread	systemic	
inflammation	 that	 results	 in	 dysfunction	 of	 organs	 not	 in-
volved	with	 the	 initial	 insult.	 It	occurs	 in	response	 to	altered	
regulation	of	the	acute	immune	and	inflammatory	responses.	
Failure	to	control	the	inflammatory	response	leads	to	excessive	
production	of	inflammatory	cells	and	biochemical	mediators	
that	 cause	 widespread	 damage	 to	 vascular	 endothelium	 and	
organ	damage.	The	interaction	of	injured	organs	then	leads	to	
self-perpetuating	inflammation	with	maldistribution	of	blood	
flow	and	hypermetabolism.

Maldistribution	of	blood	flow	refers	to	the	uneven	distri-
bution	of	flow	to	various	organs	and	between	the	large	vessels	

and	 capillary	 beds.	 It	 is	 caused	 by	 vasodilation,	 increased	
capillary	 permeability,	 selective	 vasoconstriction,	 and	 im-
paired	 microvascular	 circulation.	 This	 impaired	 blood	 flow	
leads	 to	 impaired	 tissue	 perfusion	 and	 a	 decreased	 oxygen	
supply	to	the	cells.	The	organs	most	severely	affected	are	the	
lungs,	splanchnic	bed,	liver,	and	kidneys.

Hypermetabolism	with	altered	carbohydrate,	fat,	and	lipid	
metabolism	is	initially	compensatory	to	meet	the	body’s	in-
creased	 demands	 for	 energy.	 Eventually,	 hypermetabolism	
becomes	 detrimental,	 placing	 tremendous	 demands	 on	 the	
heart	 as	 cardiac	 output	 increases	 up	 to	 twice	 the	 normal	
value.	Hyperglycemia	occurs	as	gluconeogenesis	by	the	liver	
increases	and	glucose	use	by	the	cells	decreases.

The	decreased	oxygen	delivery	to	the	cells	(from	maldis-
tribution	of	blood	flow)	and	increased	oxygen	needs	of	the	
cells	(from	hypermetabolism)	create	an	imbalance	in	oxygen	
supply	and	demand.	In	MODS,	the	amount	of	oxygen	con-
sumed	 becomes	 dependent	 on	 the	 amount	 of	 oxygen	 that	
can	 be	 delivered	 to	 the	 cells.	 Hypoxemia,	 cellular	 acidosis,	
and	impaired	cellular	function	result	with	the	development	
of	multiple	organ	failure.

The	clinical	presentation	 of	MODS	 is	 caused	by	 inflam-
matory	mediator	damage,	tissue	hypoxia,	and	hypermetabo-
lism.	Damage	to	the	organs	is	usually	sequential	rather	than	
simultaneous.	The	first	system	frequently	affected	is	the	pul-
monary	 system,	 with	 acute	 ARDS	 developing	 within	 12	 to		
24	 hours	 after	 the	 initial	 insult.	 Coagulopathy	 frequently		
develops,	 followed	 by	 renal,	 hepatic,	 and	 intestinal	 impair-
ment.33	 Failure	 of	 the	 cardiovascular	 system,	 neurological	
system,	or	both,	are	frequently	fatal	events.	MODS	progresses	
from	minor	dysfunction	of	one	or	multiple	organs	to	multi-
ple	organs	requiring	support.

Criteria	used	 in	 the	diagnoses	of	organ	dysfunction	are	
described	 in	 Table	 11-9.	 Pulmonary	 dysfunction	 is	 mani-
fested	by	tachypnea,	hypoxemia	despite	high	levels	of	sup-
plemental	oxygen,	and	chest	x-ray	changes.	Hematological	
dysfunction	is	manifested	by	petechiae,	bleeding,	thrombo-
cytopenia,	 prolonged	 PT	 and	 aPTT,	 increased	 fibrin	 split	
products,	 and	 a	 positive	 d-dimer.	 The	 earliest	 sign	 of	 he-
patic	 dysfunction	 is	 hypoglycemia,	 which	 is	 followed	 by	
jaundice,	 increased	liver	enzymes	and	bilirubin,	prolonged	
PT,	and	decreased	albumin.	The	first	indication	of	intestinal	
dysfunction	is	frequently	intolerance	of	enteral	feedings	with	
abdominal	distention	and	increased	retention	volumes.	Re-
nal	dysfunction	is	evidenced	by	oliguria	to	anuria,	increased	
blood	urea	nitrogen	and	creatinine,	and	fluid	and	electrolyte	
imbalance.	Tachycardia	(frequently	with	dysrhythmias),	hy-
potension,	and	hemodynamic	alterations	indicate	cardiovas-
cular	dysfunction.	Finally,	cerebral	dysfunction	is	manifested	
by	a	change	 in	 level	of	consciousness,	 confusion,	and	 focal	
neurological	signs	such	as	hemiparesis.	The	final	response	to	
MODS	is	hypotension	that	is	unresponsive	to	fluids	and	va-
sopressors,	and	cardiac	arrest.

Management	 of	 MODS	 focuses	 on	 prevention	 and	 sup-
port.	The	initial	source	of	inflammation	must	be	eliminated	
or	controlled.	A	secondary	insult	must	be	avoided.	Potential	
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FIGURE	11-14	 Pathogenesisofmultipleorgandysfunctionsyndrome.GI,Gastrointestinal;MDF,
myocardialdepressantfactor; MODS,multipleorgandysfunctionsyndrome;PAF,plateletactivat-
ingfactor;WBCs,whitebloodcells.(ModifiedfromMcCanceKL,HuetherSE.Pathophysiology. 
The Biologic Basis for Disease in Adults and Children.6thed.St.Louis:Mosby;2010.)
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SYSTEM DYSFUNCTION CLINICAL	PRESENTATION

Pulmonary Acuterespiratorydistresssyndrome Predisposingfactorsuchasshockorsepsis
Unexplainedhypoxemia((PaO2,(SaO2)
Dyspnea
Tachypnea
PaO2/FiO2ratio,300foracutelunginjuryand,200forARDS
Bilateralpulmonaryinfiltratesonchestx-ray
PAOP,18mmHg

Cardiovascular Hyperdynamicorhypodynamic SeeTable11-8

Hematological Disseminatedintravascularcoagulation Fibrinsplitproducts.1:40ord-dimer.2mg/L
Thrombocytopenia
ProlongedPTandaPTT
INR.1.5
Bleeding
Petechiae

Renal Acutetubularnecrosis Oliguria
)Serumcreatinine,)BUN
Urinarysodium.20mEq/L

Liver Hepaticdysfunction/failure )Serumbilirubin
)AST,ALT,LDH
Jaundice
Hepatomegaly
)Serumammonia
(Serumalbumin

Centralnervoussystem Cerebralischemia/infarction Lethargy
Alteredlevelofconsciousness
Fever

Metabolic Lacticacidosis )Serumlactatelevel

ALT,Alaninetransaminase;aPTT,activatedpartialthromboplastintime;AST,aspartatetransaminase;BUN,bloodureanitrogen;FiO2,fraction
ofinspiredoxygen;INR,internationalnormalizedratio;LDH,lacticdehydrogenase;PaO2,partialpressureofarterialoxygen;PAOP,pulmonary
arteryocclusionpressure;PT,prothrombintime;SaO2,arterialoxygensaturation.

sites	of	 infection	are	removed,	 including	debriding	necrotic	
tissue,	 draining	 abscesses,	 reducing	 the	 number	 of	 invasive	
procedures	performed,	and	removing	hematomas.	Goals	are	
to	 control	 infection,	 provide	 adequate	 tissue	 oxygenation,	
restore	 intravascular	 volume,	 and	 support	 organ	 function.	
Antibiotics	 are	 administered.	 SpO2	 is	 maintained	 between	
88%	and	92%,	hemoglobin	levels	should	be	above	7	to	9	g/dL,	
and	 an	 SvO2	 greater	 than	 70%	 is	 desired.	 Aggressive	 fluid	
therapy	 with	 isotonic	 crystalloid	 solutions	 is	 initiated	 early	
during	systemic	vasodilation	to	promote	oxygen	delivery	to	
the	tissues.

Support	 for	 each	 organ	 must	 be	 provided.	 Respiratory	
failure	 is	 managed	 with	 mechanical	 ventilation	 with	 low	
tidal	 volumes,	 high	 oxygen	 concentrations,	 and	 positive	
end-expiratory	pressures	(see	Chapter	14).	Adequate	nutri-
tion	and	metabolic	support	is	provided	with	enteral	feedings	

(see	Chapter	6).	Acute	kidney	injury	is	managed	with	con-
tinuous	 renal	 replacement	 therapies	 or	 hemodialysis	 (see	
Chapter	15).	Inotropic	drugs	(low-dose	dopamine	or	dobu-
tamine)	 or	 vasopressors	 (norepinephrine	 or	 vasopressin)	
may	be	needed	to	maximize	cardiac	contractility	and	main-
tain	cardiac	output.

PATIENT OUTCOMES
The	expected	outcome	for	the	patient	 in	shock	is	that	the	
patient	 will	 have	 improved	 tissue	 perfusion.	 Specific	 pa-
tient	outcomes	 include	alertness	and	orientation;	normo-
tension;	warm,	dry	skin;	adequate	urine	output;	hemody-
namic	and	laboratory	values	within	normal	limits;	absence	
of	infection;	and	intact	skin.	The	patient	should	be	resting	
quietly.

TABLE 11-9  MULTIPLE	ORGAN	DYSFUNCTION	SYNDROME
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Prevention	is	the	primary	goal;	it	is	accomplished	through	
the	 identification	 of	 high-risk	 patient	 conditions	 and	 early	
interventions.	 Successful	 management	 relies	 on	 accurate	
nursing	assessments,	data	analysis,	implementation	of	defini-
tive	 interventions,	 and	 evaluation	 of	 patient	 response	 to	
treatment.	Shock	is	a	crisis	for	the	patient,	family,	nurse,	and	
healthcare	 team.	 A	 multiprofessional	 approach	 of	 clinical	
expertise	combined	with	caring	assists	the	patient	in	reaching	
a	positive	outcome.

S U M M A R Y
The	 risk	 of	 shock	 is	 a	 common	 threat	 for	 all	 patients.	 Its	
causes	are	many,	and	treatment	for	shock	is	varied	and	com-
plex.	Complications	of	shock	are	related	to	the	metabolic	and	
tissue	changes	that	result.	If	the	normal	compensatory	mech-
anisms	are	not	 supported	by	effective	 therapeutic	 interven-
tions,	 the	 pathological	 consequences	 perpetuate	 a	 vicious	
cycle	of	shock.	The	cycle	is	initiated	by	ischemia	to	the	cells.	
Ischemia	results	in	anaerobic	metabolism,	which	leads	to	an	
accumulation	of	lactic	acid	and	metabolic	acidosis.	This	aci-
dosis	potentially	leads	to	irreversible	changes	in	the	cells,	or-
gan	failure,	multiorgan	failure,	and	death.

CASE	STUDY
Mr.R.,a33-year-oldman,wasinvolvedinamotorvehiclecrash
inwhichhesustainedchestinjuries.Mr.R.,thedriver,wasnot
wearinghisseatbelt,andthesteeringwheelwasbent.Atthe
scene,Mr.R.wasunresponsive.Afterplacingacervicalcollar
tostabilizehisneck, theparamedicsperformedendotracheal
intubation and provided ventilation with 100% oxygen via a
bag-valvedevice.Vitalsignsincludedapalpablesystolicblood
pressure(BP)of60mmHgandaheartrateof136beatsper
minute.Mr.R.’sskinwaspale,cold,andclammywithadelay
incapillaryrefill.Peripheralpulseswereweakandthready.Two
14-gaugeperipheral intravenouscatheterswere inserted,and
lactatedRinger’ssolutionwasinfusedatawideopenrate.He
wastransportedtotheemergencydepartmentonabackboard.
The initial assessment in the emergency department noted
thathispalpableBPhadincreasedto90mmHg,andheartrate
was 125 beats per minute. He was restless in response to
pain, with no other purposeful responses. Pupils were equal
andreactivetolight.Chestexpansionwasunequal,andbreath
soundsweremarkedlydiminishedon the right side.A chest
x-ray documented a 70% hemopneumothorax on the right
side, and a 36-French chest tube was inserted at the eighth
intercostal space at the right midaxillary line. Immediately,
2000 mL of blood was drained from the chest, and an addi-
tional500mLofdrainagewasrecordedinthenext30minutes.
Initiallaboratoryresultswere:

Hemoglobin:9g/dL
Prothrombintime:15seconds
Hematocrit:31%
Partialthromboplastintime:47seconds
Platelets:274,000/microliter
Redbloodcells:2.9million/microliter
Whitebloodcells:5300/microliter

An indwelling urinary catheter was inserted, and 80 mL of
clear,yellowurineimmediatelydrained.Fluidresuscitationwas
continuedtomaintainasystolicBPat90to100mmHg.Mr.R.
was taken immediately to theoperating room,wherea right
thoracotomy was performed, with repair of the right axillary
artery. In theoperating room,hisvital signs remainedstable
with continued fluid resuscitation of crystalloids, blood, and
freshfrozenplasma.

Aftersurgery,hewasadmittedtothecriticalcareunit,where
hisBPwas116/70mmHg,heartratewas90beatsperminute,
andrespirationratewas24breathsperminuteontheventila-
tor(assist/controlmodewitharateof20breathsperminute).
He was responsive to commands and denied pain. He was
medicatedwithmorphine,4mgintravenouspusheveryhour
forpain.Laboratoryresultswere:

Hemoglobin:11g/dL
Prothrombintime:18.7seconds
Hematocrit:34%
Partialthromboplastintime:71.7seconds
Platelets:180,000/microliter
Fibrinogen:76mg/dL
Redbloodcells:4.8million/microliter
Whitebloodcells:5300/microliter

Arterialbloodgases(onassistedventilationwithFiO20.60):
pH:7.30
PaCO2:40mmHg
PaO2:90mmHg
SaO2:92%
HCO3

2:17mEq/L

Questions
 1. What typeofshockdidMr.R.demonstrateat thescene,

and what components of his assessment supported this
diagnosis?

 2. Mr.R.’sinitialassessmentindicatesthatheisinwhichstage
ofshock?

 3. In the emergency department, Mr. R. received lactated
Ringer’ssolutionforfluidresuscitation.Isthistheappropri-
atesolutionatthistime?

 4. ExplainMr.R.’sarterialbloodgasresults.Whattreatmentis
indicated?

 5. Describe the nursing care Mr. R. will receive in the first
24hoursafterhissurgery.

 6. DescribetheriskfactorsMr.R.hasfordevelopingsepsis.
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 c. Platelets:	274,000/microliter
 d. Red	blood	cells:	2.9	million/microliter
 e. White	blood	cells:	9800/microliter
 f. Prothrombin	time:	15	seconds
 g. Activated	partial	thromboplastin	time:	38	seconds

 3. Describe	 factors	 in	 the	 critically	 ill	 patient	 that	 increase	
susceptibility	to	the	development	of	severe	sepsis	and	sep-
tic	shock.	Describe	how	these	can	be	prevented.

 4. Differentiate	between	the	early,	hyperdynamic	phase	and	
the	late,	hypodynamic	phase	of	septic	shock.

 5. Which	type	of	shock	is	associated	with	the	following	he-
modynamic	changes?
 a. Bradycardia,	decreased	SVR,	decreased	SvO2

 b. Increased	 RAP,	 PAP,	 PAOP,	 increased	 SVR,	 increased	
SvO2

 c. Tachycardia,	decreased	SVR,	increased	SvO2

 d. Decreased	 RAP,	 PAP,	 PAOP,	 increased	 SVR,	 decreased	
SvO2

 e. Tachycardia,	decreased	SVR,	decreased	SvO2

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
 1. Several	people	are	admitted	to	the	critical	care	unit,	includ-

ing	(1)	a	79-year-old	man	with	a	small	anterior	myocardial	
infarction	and	no	prior	cardiac	history,	 (2)	a	47-year-old	
man	being	given	contrast	media	during	a	diagnostic	proce-
dure,	 (3)	 a	 17-year-old	 adolescent	 with	 a	 cervical	 spine		
injury	after	a	diving	accident,	and	(4)	a	72-year-old	woman	
who	was	admitted	with	a	bowel	perforation	caused	by	in-
testinal	 malignancy.	 Discuss	 what	 additional	 assessment	
information	is	needed	to	determine	which	of	these	patients	
has	 the	 potential	 to	 develop	 shock	 and	 the	 rationale	 for	
your	decision.

 2. A	patient	was	admitted	from	the	emergency	department	af-
ter	a	motorcycle	crash	in	which	he	sustained	blunt	abdomi-
nal	trauma.	IV	access	was	established	in	the	internal	jugular	
and	left	antecubital	veins,	and	lactated	Ringer’s	solution	was	
infused.	The	results	of	initial	computed	tomography	scan	of	
the	 abdomen	 were	 negative.	 On	 admission	 to	 the	 critical	
care	unit,	you	review	the	results	of	the	hematological	profile.
Explain	the	rationale	for	the	alterations	in	these	values.
 a. Hemoglobin:	9.1	g/dL
 b. Hematocrit:	31.1%
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