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pneumonia,	pulmonary	embolism,	
blindness,	and	death.	

After	two	poor	patient	outcomes	
in	rapid	succession	following	adult	
spinal	deformity	surgery,	surgeons	
at	Northwestern	Memorial	Hos-
pital	decided	to	postpone	further	
high-risk	spine	procedures	until	
we	could	implement	a	program	to	
more	effectively	manage	these	com-
plex	patients.	

The	first	step	was	a	root	cause	
analysis	to	identify	risk	factors	as-
sociated	with	poor	outcomes	fol-
lowing	this	type	of	surgery.	Next,	a	
multidisciplinary	team	interpreted	
the	data,	performed	an	exhaustive	
literature	review,	and	developed	a	
plan	to	manage	patients	undergo-
ing	high-risk	spine	surgery.	The	
team	involved	orthopaedic	spine	
surgeons,	neurosurgeons,	anesthe-
siologists,	perioperative	medicine	
specialists,	hematologists,	and	op-
erating	room	(OR)	nursing	staff	as	
well	as	the	hospital’s	chief	medical	
officer	and	members	of	the	quality	
assurance	team.	

Ultimately,	a	protocol	was	devel-
oped	and	recently	published	that	
judiciously	selects	operative	candi-
dates	and	minimizes	their	operative	
risk	by	identifying	and	optimizing	
medical	comorbidities.	The	proto-
col	also	provides	an	algorithm	for	
intraoperative	and	postoperative	
management	of	these	patients.	

Defining high-risk patients
The	first	portion	of	the	protocol	is	
designed	to	define	which	patients	
are	considered	high	risk	(Table	1).	
Both	surgical	and	medical	risk	fac-
tors	are	assessed.	

Surgical	risk	factors	include	an	
anticipated	surgery	time	of	more	
than	6	hours	or	planned	surgery	on	
greater	than	6	spine	levels.	Surger-
ies	that	involve	staged	approaches,	
anterior	and	posterior	surgeries,	
and	procedures	that,	in	the	sub-
jective	judgment	of	the	surgeon,	
expose	the	patient	to	an	increased	
level	of	surgical	risk	are	also	con-
sidered	high-risk	surgeries.	

Medical	inclusion	criteria,	de-
termined	by	internists,	include	a	
history	of	coronary	artery	disease,	
congestive	heart	failure,	cirrhosis,	
dementia,	emphysema,	renal	insuf-
ficiency,	pulmonary	hypertension,	
or	stroke,	and	age	older	than	80	
years.	If	the	patient	meets	any	of	
these	criteria,	the	“High-Risk	Spine	
Protocol”	is	initiated.

Once	a	high-risk	patient	is	
identified,	the	surgeon	initiates	a	
formalized	patient	work-up	and	
designates	a	level	of	surgical	risk.	
Patients	are	then	assigned	to	a	peri-

operative	internist	and	undergo	a	
series	of	preoperative	tests,	includ-
ing	standard	preoperative	labs		as	
well	as	tests	to	evaluate	the	cardiac	
and	pulmonary	status.	

An	anesthesiologist	who	special-
izes	in	high-risk	spine	surgery	then	
reviews	the	surgeon’s	work-up	and	
all	test	results.	The	anesthesiolo-
gist	prepares	recommendations	
and	presents	them	at	a	multidisci-
plinary	preoperative	conference.	
The	surgeon,	internist,	and	anes-
thesiologist	not	only	review	test	
results,	they	also	develop	a	specific	
intraoperative	plan	for	the	patient.	
Following	this	discussion,	they	
make	a	joint	decision	to	either	can-
cel	or	proceed	with	the	surgery.

Intraoperative management
Anesthesiology	and	nursing	staff	
who	cover	these	cases	have	been	
trained	in	the	protocol	and	have	
taken	an	active	role	in	educating	
others	about	this	initiative.	In	ad-
dition	to	the	formal	training,	staff	
benefit	from	a	placard	posted	in	all	
high-risk	spine	surgery	ORs.	

Once	the	patient	enters	the	OR,	
a	specific	protocol	is	initiated.	(See	
the	online	version	of	this	article,	

available	at	www.aaosnow.org,	
for	a	copy	of	the	OR	protocol.)	It	
includes	guidelines	for	lab	tests,	
transfusion	therapy	(cryoprecipitate	
and	platelet	guidelines),	neurologic	
testing,	temperature	(room,	patient,	
fluids,	anesthesia),	and	equipment.	

The	placard	posted	in	the	OR	
lists	the	intraoperative	manage-
ment	protocol	and	may	be	refer-
enced	by	the	primary	anesthesiolo-
gist	and	any	other	anesthesiologist	
who	may	provide	temporary		
coverage.	

The	temperature	in	the	OR	is	
set	at	approximately	70	degrees	
Fahrenheit	and	is	maintained	until	
the	patient	exits	the	room.	The	
patient’s	temperature,	vital	signs,	
blood	loss,	coagulation	factors,	and	
neurologic	status	are	monitored	
throughout	the	procedure.	

During	the	surgery,	the	anesthe-
siologist	and	the	surgeon	maintain	
verbal	communication	and	conduct	
a	brief,	formalized	communica-
tion	hourly	per	protocol.	During	
this	interaction,	the	anesthesiolo-

gist	reports	vital	signs,	cumulative	
blood	loss,	lab	results	(including	
coagulation	factor	levels),	and	any	
other	potential	concerns.	Likewise,	
the	surgeon	reports	observed	blood	
loss,	clotting,	and	any	unusual	ana-
tomic	findings	that	may	affect	the	
course	of	the	procedure.	

The	anesthesiologist	has	a	strict	
protocol	regarding	the	patient’s	
temperature,	drawing	of	labs,	and	
monitoring	for	thresholds	to	trans-
fuse	blood	or	replete	coagulation	
factors.	

Our	experience	shows	that	pa-
tients	have	a	propensity	to	develop	
a	consumptive	coagulopathy	ap-
proximately	6	hours	into	the	sur-
gical	procedure.	Therefore,	at	the	
6-hour	mark,	specific	focus	is	di-
rected	to	the	patient’s	coagulation	
factor	levels	and	cumulative	blood	
loss,	and	protocol-driven	correc-
tions	are	implemented.	

Postoperative care
Postoperatively,	all	high-risk	spine	
patients	are	accompanied	by	the	
anesthesiologist	during	routine	
transfer	to	the	neurosurgical	inten-
sive	care	unit	(ICU).	This	is	done	
so	the	anesthesiologist	can	meet	
and	report	directly	to	the	critical	
care	physician	and	unit	nurse.	The	
patient’s	internist	is	also	notified	of	
the	patient’s	arrival	in	the	ICU.	

During	the	patient’s	stay	in	the	
ICU,	coagulation	factors	are	moni-
tored	and	corrected	regularly	to	
minimize	any	episodes	of	hypoten-
sion	or	cardiopulmonary	compro-

mise.	Intensivists	following	these	
patients	wean	the	patient	from	the	
ventilator	according	to	the	pro-
tocol.	The	protocol	is	maintained	
as	the	patient	is	transferred	to	the	
floor	and	continues	until	discharge.	

Excellent	communication	is	a	
priority	during	any	transfer	of	the	
patient	between	services	or	loca-
tion	within	the	hospital,	and	when	
transitioning	the	patient	back	to	
the	care	of	his	or	her	internist	upon	
discharge.

Preliminary results
Stratifying	certain	spine	patients	
as	high-risk	patients	has	become	
an	important	part	of	our	surgical	
plan.	Identifying	and	optimizing	
modifiable	risk	factors	can	decrease	
the	risk	of	surgical	morbidity	and	
mortality.	A	standard	protocol	
involving	a	multidisciplinary	ap-
proach	to	high-risk	patients	may	
ultimately	lead	to	improved	patient	
outcomes.	Although	data	collection	
and	analysis	is	ongoing,	prelimi-
nary	data	of	patients	assigned	to	
the	high-risk	spine	protocol	have	
shown	an	improvement	in	clinical	
outcomes.			 	 										NOW
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	 Table	1:		Surgical	and	medical	indications	for	applying	
high-risk	spine	protocol

Surgical	Indications	 Medical	Indications

Anticipated surgical time longer  Coronary artery disease (history of 
than 6 hours myocardial infarction, angioplasty/stent,  
 coronary bypass surgery)

More than 6 levels of surgery Congestive heart failure (CHF)

Anterior and posterior surgery Cirrhosis

Staged surgery Dementia

 Emphysema

 Renal insufficiency

 Pulmonary hypertension

 History of stroke

 Older than 80 years of age

A standard protocol involving a multi- 
disciplinary approach may ultimately lead to 

improved patient outcomes.
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