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Anesthetic	Risks		
FactFinder	

	
Committed	to	providing	helpful	information	to	our	members	about	key	patient	safety	
issues,	the	International	Spine	Intervention	Society’s	Patient	Safety	Committee	has	
developed	a	FactFinder	series.		FactFinders	will	explore	and	debunk	myths	
surrounding	patient	safety	issues.	The	intent	of	this	FactFinder	is	to	discuss	allergy,	
systemic	toxicity,	and	chondrotoxicity	related	to	use	of	local	anesthetics	in	
interventional	spine	procedures.		
	
Myth	#1:		Allergy	to	local	anesthetics	precludes	their	use	for	spinal	procedures.	
	
Fact:		There	are	two	classes	of	local	anesthetics,	amides	and	esters.		Amides	
are	primarily	metabolized	in	the	liver	and	excreted	in	urine.	Common	
examples	of	amides	are:	lidocaine	ropivacaine,	bupivacaine,	mepivacaine,	and	
prilocaine.	Esters	are	extensively	and	rapidly	metabolized	by	plasma	
pseudocholinesterase	and	hydrolysis	leads	to	para-aminobenzoic	acid	(PABA),	
which	may	cause	allergic	reaction	specific	to	this	class	of	anesthetics.	Common	
examples	of	esters	include:	novocain,	tenzocaine,	tetracaine,	and	piperocaine.		
If	a	person	has	had	an	allergy	to	an	ester	anesthetic	it	does	not	necessarily	
correlate	to	their	likelihood	to	react	to	an	amide	anesthetic.	1	
	
Myth	#2:	All	anesthetics	have	the	same	systemic	toxicity.		
	
Fact:	All	anesthetics	have	known	central	nervous	system	(CNS)	and	cardiac	
toxicity.	In	the	CNS,	they	initially	cause	uneasiness,	metallic	taste,	tremors,	
tinnitus,	and	shivering.	Higher	doses	may	result	in	convulsions.	Cardiac	effects	
are	even	more	life	threatening.	All	anesthetics	cause	depressed	cardiac	
conduction	(AV	block)	and	contractility.	Bupivacaine	is	particularly	
cardiotoxic.	Compared	to	lidocaine,	it	is	16	times	more	arrythmogenic	due	to	
QRS	prolongation.	Its	cardiac	effects	usually	precede	neurologic	signs	and	
cardiovascular	resuscitation	is	difficult	due	to	its	sustained	effect.		A	
recommended	maximum	dosage	for	bupivacaine	is	150mg	(or	2mg/kg	body	
weight);2	however,	inadvertent	intravascular	injection	and	patient	factors	
could	reduce	the	accepted	threshold	for	toxicity.		The	s-enantiomer	of	
bupivacaine,	ropivacaine,	is	less	cardiotoxic.3,4		
	
Myth	#3:	Anesthetics	have	minimal	side	effects	other	than	their	potential	for	
systemic	toxicity.	
	
Fact:	Anesthetics	have	hematologic,	neural,	and	chondrocyte	effects.		More	
recently,	the	evidence	of	anesthetic	chondrotoxicity	has	been	more	widely	
published.	
	
Anesthetics	are	also	myotoxic	and	inhibit	fibroblasts.5	Even	in	the	epidural	space,	
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anesthetics	can	inhibit	platelets,	fibrinolysis,	and	leukocyte	function.		Evidence	has	
shown	that	they	decrease	granulocyte	migration	and	metabolic	activation	at	surgical	
sites.6	Important	to	interventional	pain	physicians,	neural	toxicity	of	anesthetics	is	
well	documented,	and	is	known	to	be	dose-dependent.	Although	large	scale	surveys	
attest	to	the	overall	safety	of	spinal	anesthetics,7	direct	neural	or	thecal	injection	of	
anesthetics	can	result	in	serious	injury.	
	
Chondrotoxicity	has	been	more	recently	studied,	especially	in	the	orthopedic	
literature.		Case	reports	of	postarthroscopic	glenohumeral	chondrolysis	ignited	
interest	in	chondrotoxicity	of	anesthetics.	The	clinical	cases	of	chondrolysis	have	
been	described	after	pain	pump	infusion	with	bupivacaine.	One	case	demonstrated	
unilateral	chondrolysis	after	two	identical	shoulder	arthroscopic	surgeries	in	the	
same	patient.	Both	shoulders	were	treated	with	pain	pump	infusion,	but	one	pump	
had	failed.	Only	the	shoulder	with	the	functioning	pump	resulted	in	chondrolysis	9	
months	post-operatively.8	Though	current	clinical	evidence	suggests	that	there	is	
greater	risk	of	chondrolysis	with	longer	exposures	to	higher	concentrations	of	local	
anesthetics,	such	as	with	an	intra-articular	pain	pump,	the	majority	of	clinical	
studies	are	case	reports	or	retrospective	reviews	and	a	causal	relationship	has	not	
been	proven.		
	
There	is	a	paucity	of	clinical	literature	investigating	long-term	clinical	outcomes	
after	intra-articular	injection	in	humans.	Several	groups,	however,	have	found	that	
local	anesthetics	are	cytotoxic	to	animal	and	human	articular	chondrocytes	in	vitro	
and	in	animals	in	vivo.9,	10	
	
In	vitro	animal	studies	have	shown	chondrocyte	changes	after	a	single	anesthetic	
injection.		Dogan	et	al.	studied	the	effects	of	a	single	injection	of	0.5%	bupivacaine	in	
vivo	in	rabbit	knee	joints	at	24	hours,	48	hours,	and	10	days	after	injection.11	They	
included	outcomes	on	inflammatory	changes	in	articular	cartilage,	synovial	
membrane	cell	hyperplasia	and	hypertrophy,	and	inflammatory	cell	infiltration.	
They	found	that	the	knee	joints	exposed	to	bupivacaine	had	significantly	worse	
outcomes	at	all	time	points	compared	to	a	normal	saline	control.	This	study	suggests	
bupivacaine	may	be	deleterious	with	intra-articular	injection.		
	
Chu	et	al.	also	studied	the	effect	of	injecting	0.5%	bupivacaine	into	the	stifle	joints	of	
rats	in	vivo	and	evaluated	articular	cartilage	at	longer	follow-up	of	1	week,	4	weeks,	
12	weeks,	and	6	months	after	injection.10	There	was	a	significant	difference	in	cell	
density	between	the	saline-	and	the	bupivacaine-treated	knees.	There	was	not	
chondrolysis	at	6	months	after	exposure,	but	the	authors	suggested	that	it	could	
occur	with	longer	follow-up.		
	
In	vitro	studies	have	examined	human	cartilage	exposed	to	various	anesthetics.	
Study	of	cell	viability	24	hours	after	30-minute	exposure	to	0.5%	ropivacaine	
showed	that	it	was	significantly	less	chondrotoxic	than	0.5%	bupivacaine	in	both	the	
monolayer	culture	and	intact	cartilage	explants.12	In	intact	cartilage	explants,	there	
was	no	difference	in	chondrocyte	viability	between	exposure	to	normal	saline	
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control	and	0.5%	ropivacaine.	
	
A	more	recent	study	evaluated	1%	lidocaine	in	comparison	to	0.25%	bupivacaine	
and	0.5%	ropivacaine	in	an	in	vitro	human	cartilage	model.	En	bloc	cartilage	
samples	were	exposed	for	the	expected	duration	of	anesthetic	action	(3,	6	and	12	
hours	respectively).	Both	0.5%	ropivacaine	and	0.25%	bupivacaine	showed	no	
significant	change	compared	to	control,	while	1%	lidocaine	showed	a	significant	
decrease	in	chondrocyte	viability.9	
	
Based	on	in	vivo	and	in	vitro	studies,	local	anesthetics	have	significant	chondrotoxic	
effects	even	after	a	short	exposure.	Bupivacaine	is	the	most	widely	studied	and	its	s-
enantiomer,	ropivacaine,	shows	less	evidence	of	chondrotoxicity.	Though	evidence	
is	limited,	lidocaine	also	shows	significant	chondrotoxicity.	Overall,	ropivacaine	
seems	to	be	favored	over	other	anesthetics	for	intra-articular	injection;	however,	
the	long-term	effects	of	local	anesthetic	chondrotoxicity	on	articular	cartilage	and	
the	risk	of	development	of	osteoarthritis	remain	unclear.	Clinicians	should	weigh	
the	risk	versus	benefit	of	intra-articular	anesthetic	injection,	and	consider	the	choice	
of	ropivacaine	versus	lower	concentrations	of	other	anesthetics.	
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