


Objec&ves	

1.  Review	 the	 importance	 of	 QI	 in	 thyroid	 &	 thyroid	
cancer	surgery	

2.  Be	 aware	 of	 contemporary	 complica&on	 rates	 for	
thyroid/thyroid	cancer	opera<ons	

3.  Appreciate	postop	RAI	uptake,	Tg	level,	and	LN	yield	
as	thyroid	cancer	surgery	QIs	

4.  Understand	 the	 importance	 of	 surgeon	 volume	 in	
thyroid	surgery	&	thyroid	cancer	surgery	outcomes	



What	Is	Healthcare	Quality?	

The	 degree	 to	 which	 health	 services	 for	
individuals	 and	 popula<ons	 increase	 the	
likelihood	of	 desired	health	 outcomes	 and	 are	
consistent	with	current	professional	knowledge.	

(Lohr et al N Eng J Med 1990;322;707-712) 



Revolu&onary	Thyroid	Surgical	
Quality	Improvement:	

	Kocher’s	Thyroidectomy	
Technique	

Current	thyroid	surgical	technique	was	pioneered	by	Emil	
Theodor	Kocher	that	led	to	a	reduc&on	in	mortality	from	

12.8%	in	1883	to	less	than	0.5%	15	years	later	

	



Thyroidectomy	Surgical	QIs:	Complica&ons	
•  Are	 important	 thyroid	 surgical	 quality	

outcomes	 and	 thyroid	 surgeons	 should	 be	
aware	 of	 their	 own	 complica&on	 rates	 and	
how	 they	 compare	 to	 current	 reported	
outcomes	

•  Thyroidectomy	Specific	Complica&ons	
–  Recurrent	Laryngeal	Nerve	Injury		(Scope)	
–  Hypoparathyroidism	(Measurement)	

•  Nonspecific	Surgical	Complica&ons	
–  Pneumonia	
–  Myocardial	Infarc<on	
–  Renal	Failure	
–  Wound	Infec<on	
–  Blood	Loss/Transfusion	Requirement	
–  Urinary	Tract	Infec<on	
–  Postopera<ve	Hemorrhage/Return	to	OR	
	



•  Objec<ve:	Iden&fy	opera&ons	needing	more	QI	

•  10	 procedures	 evaluated	 in	 ACS	 NSQIP	 database	
between	2008-20015	(1.2	million	opera<ons)		

(Liu et al JACS 2018;226;1:30-36) 

Thyroidectomy	QIs:		
What	Are	Contemporary	Complica&on	Rates?	



Thyroidectomy	Current	Complica&on	Rates:	
Benchmarks	For	Thyroid	Surgery	QI	

(Liu et al JACS 2018;226;1:30-36) 



Thyroidectomy	For	Cancer	QIs:		
What	Are	Contemporary	Complica&on	Rates?	

•  Objec<ve:	
– To	determine	thyroid	cancer	surgical	
complica&on	rates	and	iden&fy	at	risk	
popula&ons	

•  SEER	database	(1998-2011)	
–  22,867	pa<ents	30	day	and	1	year	complica<on	
rates	in	DTC	(97.2%)	&	MTC	(2.8%)	cases	

•  Complica<ons	Separated	into:	
»  General	(Fever/Infec<on/Hematoma/Pneumonia/ 	 	

	 					Intuba<on/Trach/MI/PE/DVT)	

»  Thyroidectomy	Specific	(Hypoparathyroidism/VC	paralysis)	
																				(Star<ng	at	31	days	postop)	

	
	

(Papaleontiou et al JCEM; 2017;102:2543-2551) 



– Overall	Complica<on	Rates:	
•  General	(6.5%)	
•  Thyroidectomy	Specific	(12.3%)	

–  1152	cases	of	vocal	cord	paralysis	
–  2553	cases	of	hypoparathyroidism	

(Papaleontiou et al JCEM; 2017;102:2543-2551) 

Thyroidectomy	For	Cancer	QI:	Complica&ons	



•  Retrospec<ve	 review	 of	 Na<onwide	 Inpa<ent	
Sample	 (2003-2009)	 to	 evaluate	 thyroidectomy	
complica<ons	 and	 the	 effect	 of	 surgeon	
experience/volume	

•  62,722	thyroidectomies	evaluated	
•  57.9%	Total	Thyroidectomy	/	42.1%	Lobectomy	
•  3.3%	Graves,	60.8%	Benign	Disease,	35.9%	Cancer	
•  0.4%	Neck	Dissec<on		

•  Surgeon	Volume	Classifica&on	
•  Low	(<10)	-	50.2%	
•  Intermediate	(10-99)	–	44.8%	
•  High	(>99)	–	5.0%	

(Hauch et al; Ann Surg Onc 2014;21:3844-3852) 

Thyroidectomy	QIs:		
What	Is	The	Influence	of	Surgeon	Volume	On	Complica&ons?	



(Hauch et al; Ann Surg Onc 2014;21:3844-3852) 

•  Higher	 complica&on	 risk	acer	Total	 Thyroidectomy	 (20.8%)	 compared	 to	
Lobectomy	(10.8%)	(p<0.0001):	

•  Hypocalcemia	(7.1%	vs	16.1%,	p<0.0001)	
•  Respiratory	Complica<ons	(0.84%	vs	1.34%,	p<0.0001)		
•  Bleeding	(0.15%	vs	0.23%,	p=0.0403)	
•  Hematoma	(1.24	vs	1.54%,	p=0.0027)	
•  Tracheostomy	(0.004%	vs	0.024%,p=0.0493)	
•  Vocal	Cord	Paralysis	(0.59	vs	1.33%,	p<0.001)	

•  Even	high	volume	surgeons	have	a	higher		
						complica&on	risk	for	Total	Thyroidectomy	
						compared	to	Lobectomy	

•  Low	volume	 surgeons	were	more	 likely	 to	have	 complica&ons	 then	high	
volume	surgeons	(OR	1.53,	95%	CI	1.12,2.11,p=0.0083)	
–  True	for	both	Lobectomy	and	Total	Thyroidectomy		

Even	High	Volume	Surgeons	
	Have	Complica&ons	

Thyroidectomy	QIs:		
Influence	of	Surgeon	Volume	On	Complica&ons	



Total	Thyroidectomy	Surgical	QIs:		
Complica&ons	&	Influence	of	Surgeon	Volume	

•  Retrospec<ve	 review	of	Na<onwide	 Inpa<ent	
Sample	 (1998-2009)	 to	 evaluate	 total	
thyroidectomy	complica<ons	and	the	effect	of	
surgeon	experience/volume	

•  16,954	Total	Thyroidectomies	evaluated	
•  47%	Thyroid	Cancer,	53%	Benign	Disease	
•  Median	annual	surgeon	volume	was	7	cases	
•  51%	of	surgeons	performed	1	case/year	

(Abdelgadir et al; Ann Surg 2017;265:402-407) 



Total	Thyroidectomy	Surgical	QIs:		
Influence	of	Surgeon	Volume	On	Complica&ons	

•  Likelihood	 of	 experiencing	 a	 complica<on	
decreased	 with	 increasing	 surgeon	 volume	 up	 to			
26	cases/year	(p<0.01)	

•  Pa<ents	 undergoing	 thyroidectomy	 by	 low	
compared	to	high	volume	surgeons	were:	

•  More	likely	to	experience	complica&ons	(OR	1.51,	p=0.002)		
•  Have	longer	hospital	admissions	(+12%,	P=0.006)	

(Abdelgadir et al; Ann Surg 2017;265:402-407) 



What	is	Quality	Cancer	Care?	

“The	provision	of	evidence-based,	pa<ent-centered	
services	 throughout	 the	 con<nuum	 of	 care	 in	 a	
&mely	 and	 technically	 competent	 manner,	 with	
good	 communica<on,	 shared	 decision	making,	 and	
cultural	 sensi<vity,	 with	 the	 aim	 of	 improving	
clinical	 outcomes,	 including	 pa&ent	 survival	 and	
health-related	quality	of	life”		

(NIH	Publica<on	No.	03e4373.	Bethesda:	U.S.	Department	of	Health	and	Human	Services,	Na<onal	Ins<tutes	of	Health;	2002)	



Quality	Improvement	For	Cancer	Pa&ents	Is	Challenging	

•  Ongoing	and	con<nuous	modifica&on	of	
cancer	treatment	plan	

•  Mul&disciplinary	treatment	paradigm	

•  Lengthy	&me	intervals	for	outcomes	
	

(Albert et  et al; I J Rad Onc 2012;83:773-780) 



What	Are	Cancer	Care	Quality	Indicators?	

•  Disease	specific,	reliable,	scien<fically	validated/
evidence	 or	 consensus	 based	 measures	 that	
reflect	 quality	 of	 care	 and	 can	 be	 u&lized	 	 to	
guide	cancer	pa&ent	&	caregiver:	

Ø Assessment	
Ø Benchmarking	
Ø Accredita&on	
Ø Creden&aling	
Ø Reimbursement		
Ø Quality	Improvement	

(Albert et  et al; I J Rad Onc 2012;83:773-780) 



•  Diversity	in	pathophysiology/prognos<cators/
treatments	for	different	cancer	types	and	so	
QIs	must	be	tailored	to	the	cancer	type		

•  QI	development	has	focused	on	cancer	types:	
»  High	Mortality/Recurrence	Risk	
»  High	Risk	Opera&ons	
» Most	Common	Opera&ons	

Surgical	Quality	Indicators	In	Cancer	Pa&ents	



Thyroid	Cancer	Surgical	QI:	Challenges	
•  Thyroid	Cancer	tends	to:	

– Have	an	excellent	prognosis	
•  Mortality	is	uncommon		

»  Poor	QI	Outcome	Measure	

– May	recur	over	decades		
•  Recurrence	may	be	hard	to	track	

»  QI	Outcome	Measure	of	interest	

– Most	considered	‘low	risk’	
•  May	NOT	require:	

»  Total	Thyroidectomy	
»  Central	Neck	Neck	Dissec<on	
»  RAI	treatment	

(Mazzaferri at al. Journal Clin Endocin and Metab 2001) 



•  Goal	 of	 the	 surgeon	 when	 performing	 a	
thyroidectomy	for	cancer	 is	 to	safely	 remove	all	
thyroid	 cancer/&ssue	 (including	 primary	 tumor	
and	 nodal	 disease)	 on	 the	 side	 that	 is	 being	
operated	upon		

	
•  Thyroid	 cancer	 surgical	 QIs	 are	 based	 on	
completeness	 of	 thyroid/thyroid	 cancer	
resec&on	

•  None	 of	 these	 oncological	 QIs	 are	 considered	
standard	of	care	currently	

Thyroid	Cancer	Surgical	QIs	



Not	All	Thyroidectomies	Are	Total	
•  The	remnant	of	thyroid	<ssue	that	is	
inten&onally	 lec	 by	 the	 surgeon	 in	
the	 thyroid	 bed	 in	 order	 to	 reduce	
the	 risk	 of	 RLN	 and	 Parathyroid	
injury	 is	 influenced	 by	 mul<ple	
factors:	

Ø Surgical	Indica&on	
Ø Clinical	Selng	
Ø Surgical	Anatomy	
Ø Surgeon		

–  Training	
–  Comfort	
–  Experience	
–  Judgment	

•  Near-total	thyroidectomy	(<1g)	



The	Reality	Regarding	Thyroid	Remnants	

•  Incomplete	 thyroid/cancer	 resec&on	 predicts	 a	
worse	 outcome	 (reduced	 survival	 and	 increased	
recurrence	risk)	

•  Larger	thyroid	remnants	may	not	adequately	be	
ablated	by	postop	RAI	
–  S<mulated	 WBS	 (5	 mCi	 iodine-131)	 6-12	 months	
postop	predicted	success	of	remnant	abla<on	by	100	
mCi	iodine-131	

(Hay	et	al.	Surgery	1998)	(Rosario et al Clin Nuc Med;2004;6;358-361) 

MACIS	
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Proposed	Thyroid	Cancer	Surgical	QIs	

1.   Remnant	Thyroid	Uptake	of	RAI	

2.   Postopera&ve	Thyroglobulin	Level	

3.   Metasta&c	Lymph	Node	Ra&o	

	



Remnant	Thyroid	RAI	Uptake	
•  Post-radioac<ve	iodine	abla<on	treatment	
a	whole	body	scan	 is	carried	out	3-7	days	
later	 to	 evaluate	 for	 remnant	 thyroid	
&ssue	&	the	presence	of	regional/distant	
metastases	

•  Remnant	 thyroid	 radioiodine	 uptake	
(RTRU)	 is	 calculated	 as	 a	 %	 of	 the	 total	
radioisotope	given	that	is	detected	in	the	
thyroid	bed	acer	adjus&ng	for	decay	



Remnant	Thyroid	RAI	Uptake	
•  RTRU	 correlates	with	 volume	 of	 residual	 thyroid	
&ssue	present	when	evaluated	by	neck	US	

– 66	 thyroidectomy	 pa<ents	 (benign)	 had	 remnant	
volume	and	uptake	evaluated	by	US,	TSH,	and	RAI	scan	
1	month	postop	

(Erbil et al JLO;2008;122;615-622) 



•  Retrospec<ve	review	of	cases	undergoing	TT	and	postop	
RAI	for	thyroid	cancer	treatment	

•  Remnant	 uptake	 analyzed	 as	 ra<o	 of	 the	 %	 uptake	 of	
dose	 received	 (UDR)	 and	evaluated	 for	 associa<on	with	
recurrence	

•  21/223	pa<ents	recurred	(FU	25	mo)	

•  Pa&ents	with	recurrence	had	a	10x	
					higher	UDR	then	those	that	didn’t	recur	
	
•  The	higher	UDR,	the	higher	the	
				recurrence	risk	
	

Remnant	Thyroid	Tissue	RAI	Uptake	

(Schneider et al Thyroid;2013;23;1269-76) 



Is	There	An	Influence	Of	Surgeon	Volume	On	RTRU?	
•  Surgeons	classified	as	high	(3)	or	low	(5)	volume		
					(defined	by	20	thyroid	opera<ons/year)	
	

•  UDRs	 of	 high	 volume	 surgeons	were	 significantly	 lower	 then	
low	volume	surgeons	

•  Overall	33	complica&ons	(24	temporary/9	permanent)	

•  High	 volume	 surgeons	 had	 significantly	 lower	 permanent	
complica&ons,	even	at	high	UDR		

•  Low	volume	surgeons,	had	a	stepwise	increase	in	complica<ons	
as	UDR	rises	

UDR	
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(Schneider et al Thyroid;2013;23;1269-76) 



Growing	Literature	Evalua&ng	Remnant	Thyroid	
Tissue	RAI	Uptake	As	A	Thyroidectomy	QI	

(Liu & Wiseman; Exp Rev Anticancer Ther; 2016;16;919-928) 



Remnant	Thyroid	RAI	Uptake	As	A	QI	
•  RTRU	may	serve	as	a	QI	for	thyroid	cancer	surgery	because	it	correlates	with	

‘completeness	of	thyroidectomy’	and	recurrence	risk	

•  Thoughts	&	Limita<ons	
–  Cannot	be	u&lized	in	lobectomy	(Low	Risk)	pa&ents	
–  U&lity	limited	in	RAI	non-avid	recurrence	
–  Not	appropriate	for	locally	advanced/completely	resectable	cases	
–  Not	accurate	in	the	presence	of	significant	metasta&c	disease	
–  Influence	of	other	concurrent	thyroid	disease	(ie.	Graves)	
–  What	is	an	“acceptable”	RTRU?		
–  Should	RTRU	influence	postopera<ve	surveillance	and	follow	up?	
–  Is	there	a	RTRU	that	mandates	reopera<on	or	repeat	RAI	treatment?	

Do	you	know	your	pa&ent’s	RTRU?	



Postopera&ve	Thyroglobulin	Level	
•  Tg	 is	a	glycoprotein,	a	prohormone,	only	synthesized	
by	 thyrocytes	 stored	 in	 colloid,	 that’s	 produc<on	 is	
s<mulated	by	TSH	

•  S<mulated	and	uns<mulated	Tg	measurement	is	used	
for	postop	surveillance	of	all	thyroid	cancer	pa<ents	

•  Tg	 measu rement	 ace r	 To ta l	
Thyroidectomy	 correlates	 with	
volume	of	 remnant	 thyroid	&ssue	&/
or	 cancer	and	may	 serve	 as	 a	 thyroid	
cancer	surgical	QI		



Postopera&ve	Thyroglobulin	Level	

(ATA Guidelines 2015) 

No	men&on	of	early	postopera&ve	
serum	Tg	measurement	



•  Retrospec<ve	 review	 of	 all	 thyroid	 opera<ons	
(DTC≥1cm)	 during	 2011	 in	 a	 regional	 health	
system	(U	Pit)	

•  42	surgeons/volume	evaluated	for:	
– Extent	of	ini&al	opera&on	
– %	uptake	on	I123	pre-RAI	TSH	s&mulated	uptake	scan	
– Pre-abla&on	TSH-s&mulated	Tg	level	
– Dose	of	I131	administered		

(Adkisson et al; Surgery; 2014;156;1453-60) 

Is	There	An	Influence	Of	Surgeon	Volume	
	On	Postopera&ve	Thyroglobulin	Level?	



Higher	Surgeon	Volume	
>30	Thyroid	ORs/Year	

–  Total	Thyroidectomy	
–  More	‘complete’	

%	uptake	on	I123		
S&mulated	Tg	
Administered	I131	dose	

–  Fewer	complica&ons	
	
	
>50	Thyroid	ORs/Year	
For	Stage	3	&	4	Disease	

–  More	‘complete’	
%	uptake	on	I123		

	

Surgeon	Volume	&	Thyroid	Cancer	Surgical	QIs	

(Adkisson et al; Surgery; 2014;156;1453-60) 



Growing	Literature	Evalua&ng	Postopera&ve	
Thyroglobulin	Level	As	A	QI	

(Liu & Wiseman; Exp Rev Anticancer Ther; 2016;16;919-928) 



•  Postop	Tg	may	serve	as	a	QI	for	thyroid	cancer	surgery	because	it	
correlates	with	‘completeness	of	thyroidectomy’	and	recurrence	risk	

•  Thoughts	&	Limita<ons	
–  U&lity	in	lobectomy	(Low	Risk)	pa&ents	unknown	
–  Not	useful	for	tumors	that	don’t	synthesize	Tg	
–  Not	appropriate	in	locally	advanced/not	completely	resectable	cancers		
–  Not	accurate	in	the	presence	of	bulky	metasta&c	disease	
–  Influence	of	other	concurrent	thyroid	disease	(ie.	Hashimoto’s)?	
–  What	is	the	op<mal	<ming	of	Tg	measurement	rela<ve	to	surgery	and	RAI?	
–  What	is	an	acceptable	postopera<ve	Tg	level?	
–  Should	Tg	influence	postopera<ve	surveillance	and	follow	up?	
–  Is	there	a	Tg	level	that	mandates	reopera<on	or	repeat	RAI	treatment?	

Do	you	know	your	pa&ent’s	postopera&ve	Tg	level?	

Postopera&ve	Thyroglobulin	Level	As	A	QI	



Central Neck Dissection For Thyroid Cancer 
•  Varia&on	 in	 surgical	 prac&ce	 regarding	

CND	for	thyroid	cancer	treatment	

•  Central	neck	lymph	node	metastases	can	be	
detected	in	20-50%	of	cases	

•  Lymph	 node	 metastases	 increase	 risk	 of	
cancer	recurrence		

•  The	AHNS	defines	a	central	neck	dissec<on	
a	comprehensive	removal	of	:	

	 	NECK	NODE	LEVEL	VI	
•  Prelaryngeal	(Delphian)	Lymph	Nodes	
•  Pretracheal	Lymph	Node	
																																	and	
•  Lev	 +/or	 Right	 Paratracheal	 Lymph	

Nodes	
+/-	

	

										NECK	NODE	LEVEL	VII	
(Agrawal et al; Head Neck;2017;39;1269-1279) 



Central	Neck	Dissec&on:	ATA	Guidelines	

Therapeu&c	CND	
	
	
Prophylac&c	CND	
	
	
No	CND	

(ATA Guidelines 2015) 



What Is Metastatic Lymph Node Ratio? 
•  Proposed	as	a	QI	for	thyroid	cancer	surgery	

•  Reflects	the	success	of	the	surgeon	in	central	
neck	compartment	lymphadenectomy	

	

#	Metasta&c	Lymph	Nodes	
Total	#	of	Lymph	Nodes	(Lymph	Node	Yield)	

	
	



•  Evalua<on	of	MLNR	in	10,955	DTC	pa<ents	
with	>3	LN		removed	in	the	SEER	database	
(1988-2007)	(median	follow	up	25	months)	

	

•  MLNR	was	strongly	associated	with	DSM		
			(HR	4.33,	95%CI	1.68-11.18,	p<0.01)	
	

•  MLNR	≥	0.42	separated	cases	based	on	
disease	specific	mortality	

Metastatic Lymph Node Ratio 

1.72%	

0.65%	

(Schneider et al; Ann Sug Onc;2013;20;1906-1911) 



Growing	Literature	Evalua&ng	
Metasta&c	Lymph	Node	Ra&o	As	A	QI		

(Liu & Wiseman; Exp Rev Anticancer Ther; 2016;16;919-928) 



•  MLNR	may	 serve	 as	 a	 QI	 for	 thyroid	 cancer	 surgery	 because	 it	 correlates	
with	‘completeness	of	lymphadenectomy’	and	recurrence	risk	

•  Thoughts	&	Limita<ons	
–  U<lity	in	the	sexng	of	bulky	disease	is	poor	(cannot	achieve	a	low	ra<o)	
–  Surgical	inten<on:	Therapeu<c	vs	Prophylac<c	must	be	considered	
–  Impact	of	nodal	metastases	size/extranodal	extension	unknown	
–  Influence	of	other	concurrent	thyroid	disease	(ie.	Hashimoto’s)	
–  What	is	an	“acceptable”	MLNR?		
–  Should	MLNR	influence	postopera<ve	surveillance	and	follow	up?	

	
Do	you	know	your	pa&ent’s	MLNR?	

Metasta&c	Lymph	Node	Ra&o	As	A	QI		



•  Could	 address	 difficulty	 with	
finding	thyroid	cancer	surgery	QIs	
for	Low	Risk	pa<ents		

•  Guidelines	 are	 Guidelines	 and	
constantly	 changing	 based	 upon	
new	evidence	

•  Should	 not	 following	 guidelines	
be	 an	 i nd i ca to r	 o f	 poor	
oncological	surgical	quality?	

Final	Thoughts:	
Should	Guideline	Adherence	Be	Considered		

A	Thyroid	Surgical	QI?	



Final	Thoughts:	
How	Many	High	Volume	Surgeons	Would	It	Take	To	Perform	All	The	

Thyroidectomies	In	The	USA	Annually?	Realis&c?	

Es<mate:	Total	#	Thyroidectomies	In	US/Year	=	150,000	
	
	
	

High	Volume	Surgeon	>99	Thyroidectomies/Year	
Total	#	High	Volume	Thyroid	Surgeons	Needed	=	1,500	

	
High	Volume	Surgeon	>24	Thyroidectomies/Year	

Total	#	High	Volume	Thyroid	Surgeons	Needed	=	6,000	
	
	

	
	

(Hauch et al; Ann Surg Onc 2014;21:3844-3852) (Al-Qurayashi et al; JAMA Oto HNS 2016;142:32-39) 



Conclusions	
•  Thyroid	surgical	QIs	are	focused	on	surgical	complica&ons	

•  Thyroid	 cancer	 surgical	 QIs	 allow	 for	 evalua<on	 of	 the	
completeness	of:	

•  Thyroidectomy	
– Remnant	Thyroid	Uptake	of	RAI	
– Postopera&ve	Thyroglobulin	Level	

• Central	Neck	Lymphadenectomy	
– Metasta&c	Lymph	Node	Ra&o	

•  Applica<on	 of	 these	 QIs	 is	 largely	 limited	 to	 pa<ents	 who	
have	undergone	a	total	thyroidectomy	+/-	RAI	

																																							(primarily	High	Risk)		



Conclusions	
	

•  Despite	 no	 specific	 QI	 currently	 considered	 standard,	 and	 further	
study	 being	 needed,	 surgeons	 who	 perform	 thyroid	 opera<ons	
should	be	aware	of	their:		

Ø  Pa<ent’s	thyroid	surgical	QIs	
Ø Morbidity	&	Mortality		
Ø Recurrence	Risk	

Ø  Pa<ent’s	thyroid	cancer	surgical	QIs		
Ø Postop	RAI	uptake	
Ø Postop	TG	
Ø MLNR	
Ø Other?	

Ø  Own	thyroidectomy	surgical	volumes	

•  This	 informa<on	 is	 readily	 available,	 quan&fiable,	 is	 associated	with	 surgical	
and	oncological	 outcomes,	 and	allows	 for	quality	 improvement	 (NOW	HOW	
DO	WE	APPLY	THESE	QIs	IN	THE	REAL	WORLD???)		


