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Background

Th�s	Techn�cal	Note	expla�ns	how	the	Agency	for	Healthcare	Research	and	Qual�ty	(AHRQ)	
Inpat�ent	Qual�ty	Ind�cator	(IQI)	software	was	appl�ed	to	Cal�forn�a’s	pat�ent	d�scharge	data	
collected	by	OSHPD	to	generate	hosp�tal	results	for	12	of	the	15	ava�lable	Inpat�ent	Mortal�ty	
Ind�cators	(IMIs)	for	wh�ch	AHRQ	calculates	r�sk-adjusted	mortal�ty	rates	and	qual�ty	rat�ngs.

The	data	tables	were	produced	by	OSHPD	Healthcare	Informat�on	D�v�s�on,	Healthcare	
Outcomes	Center,	us�ng	AHRQ	Qual�ty	Ind�cators	software	vers�on	4.1	for	SAS	released	
in December 2009 with 2008 and 2009 inpatient data.  OSHPD made California-specific 
modifications to the software, discussed with and supported by AHRQ.

The	2008	report	�ncludes	data	from	337	state-l�censed	general	acute	care	hosp�tals	and	the	
2009	report	�ncludes	data	from	335	state-l�censed	general	acute	care	hosp�tals.

Other	AHRQ	IQI	reports	can	also	be	found	on	the	OSHPD	Web	s�te,	�nclud�ng	hosp�tal-level	
Volume	and	Ut�l�zat�on	measures.

How are the Inpatient Mortality Indicators useful? 

The	AHRQ	qual�ty	�nd�cators	and	related	software,	prov�ded	at	no	cost	to	states,	use	read�ly	
ava�lable	pat�ent	d�scharge	data	to	h�ghl�ght	poss�ble	d�fferences	�n	the	qual�ty	of	care	
prov�ded	by	hosp�tals.		These	results	may	prov�de	the	foundat�on	for	more	�n-depth	analyses	
of	healthcare	qual�ty,	and	are	�ntended	to	contr�bute	to	qual�ty	�mprovement	efforts	made	
by	hosp�tal	adm�n�strators,	cl�n�c�ans,	qual�ty	assurance	personnel	and	other	stakeholders	
�nterested	�n	healthcare	qual�ty.		In	add�t�on,	when	the	�nformat�on	�s	carefully	cons�dered	along	
w�th	�ts	l�m�tat�ons,	and	�n	conjunct�on	w�th	other	rel�able	healthcare	prov�der	�nformat�on,	�t	may	
�nform	pol�cy	maker,	pat�ent	or	healthcare	purchaser	dec�s�on	mak�ng.

Do the Inpatient Mortality Indicators measure actual quality of hospital care?

These	measures	are	indicators	of	healthcare	prov�der	qual�ty	but	are	not	definitive	
determ�nat�ons	of	qual�ty.		Rather,	they	are	meant	to	serve	as	a	start�ng	po�nt	for	further	
�nvest�gat�on	and	�n-depth	analyses,	to	prompt	more	extens�ve	data	scrut�ny	and	�n-depth	
val�dat�on	of	the	health	outcomes	and	of	the	assoc�ated	processes	of	care,	and	fac�l�tate	the	
conduct�ng	of	add�t�onal	data	val�dat�on	and	rel�ab�l�ty	analyses.

In addition to Inpatient Mortality Indicators, OSHPD has produced hospital-specific risk-
adjusted	health	outcome	reports	(ava�lable	on	�ts	Web	s�te)	about	heart	attack,	commun�ty-
acqu�red	pneumon�a,	and	heart	bypass	surgery,	us�ng	well-val�dated	r�sk-adjusted	measures	
of	qual�ty	w�th	Cal�forn�a	data.	These	“gold-standard”	reports	generally	requ�re	many	years	
of	work	to	carefully	construct	r�sk	models	and	val�date	the	data.		As	a	result,	OSHPD	has	
produced	only	a	few	such	reports	to	date.		Prompted	by	�ncreas�ng	demand	for	qual�ty	metr�cs	
and additional risk-adjusted hospital-specific outcome reports, beginning in 2008 OSHPD has 
produced	and	publ�cly	reported	add�t�onal	measures,	updated	annually,	us�ng	many	of	the	
AHRQ	Inpat�ent	Mortal�ty	Ind�cators.

http://www.oshpd.ca.gov/HID/Products/PatDischargeData/AHRQ/iqi-imi_overview.html
http://www.oshpd.ca.gov
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It	�s	�mportant	to	note	that	the	2008	and	2009	hosp�tal	results	come	w�th	several	caveats:

	 1.	Cal�forn�a	hosp�tal	med�cal	record	data	for	the	reported	med�cal	cond�t�ons	and	
	 	 procedures	have	not	been	val�dated	through	med�cal	record	reabstract�on	(w�th	a	
	 	 few	except�ons)	to	demonstrate	that	pat�ent	sever�ty	of	�llness	and	compl�cat�ons	are	
	 	 accurately	and	rel�ably	coded	across	all	hosp�tals.

	 2.	OSHPD	has	not	performed	deta�led	cl�n�cal	analyses	to	�dent�fy	the	processes	of	care		
	 	 that	lead	to	�mproved	r�sk-adjusted	mortal�ty	rates.	

	 3.	OSHPD	has	not	performed	analyses	to	establ�sh	that	the	r�sk	models	for	these	med�cal	
  conditions and procedures, using International Classification of Diseases, Ninth	
  Revision, Clinical Modification (ICD-9-CM) perform well compared to gold standard	
	 	 cl�n�cal	models	that	�nclude	�nformat�on	such	as	laboratory	values,	v�tal	s�gns,	and	
	 	 �mag�ng	stud�es.

How does OSHPD’s California implementation of the AHRQ Inpatient Mortality 
Indicators differ from the approach used by most states? 

AHRQ modified its IMI software version 3.2 to address a deficiency in the All Patient 
Refined Diagnosis Related Groups (APR-DRG) risk-adjustment algorithm employed by the 
�nd�cators.1,2,3,45The	APR-DRG	algor�thm	�s	a	propr�etary	tool	of	the	3M	Health	Informat�on	
Systems Corporation. In essence, the AHRQ modification improves the risk-adjustment 
method	by	�nclud�ng	un�que	�nformat�on	conta�ned	�n	the	Cal�forn�a	pat�ent	d�scharge	data—	
the Present on Admission (POA) data fields.  

In all states, hospital information systems use the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) protocol to convert medical chart information 
to	numer�c	codes.		Th�s	approach	lacks	a	way	of	d�st�ngu�sh�ng	between	compl�cat�ons	of	care	
that	ar�se	post-hosp�tal�zat�on	and	acute	med�cal	cond�t�ons	that	ex�st	pr�or	to	adm�ss�on.		The	
or�g�nal	APR-DRG	r�sk	adjustment,	bu�lt	on	ICD-9-CM,	therefore	cannot	generally	d�st�ngu�sh	
between pre-existing risks and complications of care.  This deficiency may result in hospitals 
with many treatment complications unfairly benefiting from the risk algorithm while hospitals 
w�th	fewer	compl�cat�ons	are	penal�zed.		

1.	Glance	LG,	Osler	TM,	Mukamel	DB,	&	D�ck	AW.		(2008).	Impact	of	the	present-on-adm�ss�on	�nd�cator	on	hosp�tal	qual�ty	
measurement:	exper�ence	w�th	the	Agency	for	Healthcare	Research	and	Qual�ty	(AHRQ)	Inpat�ent	Qual�ty	Ind�cators.	Med�cal	
Care,	46,	(2),	112-119.
	

2. Hughes JS, Averill RF, Goldfield NI, Gay JC, Muldoon J, McCullough E, & Xiang J. (2006). Identifying potentially preventable 
compl�cat�ons	us�ng	a	present	on	adm�ss�on	�nd�cator.	Health	Care	F�nanc�ng	Rev�ew,	27,	(3),	63-82.
	

3.	Romano	PS	&	Chan	BK.	(2000).	R�sk-adjust�ng	acute	myocard�al	�nfarct�on	mortal�ty:	are	APR-DRGs	the	r�ght	tool?	Health	
Serv�ces	Research,	34,	1469–1489.
 

4.	Iezzon�	LI,	Ash	AS,	Shwartz	M,	Daley	J,	Hughes	JS	&	Mack�ernan	YD.	(1995).	Pred�ct�ng	who	d�es	depends	on	how	sever�ty	
�s	measured:	Impl�cat�ons	for	evaluat�ng	pat�ent	outcomes.	Annals	of	Internal	Med�c�ne,	123	(10),	763-770.
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OSHPD patient discharge data contain the Present on Admission (POA) data fields, adopted 
�n	2007	as	a	nat�onal	standard	for	prov�d�ng	�nformat�on	on	the	t�m�ng	of	acute	cond�t�ons	and	
compl�cat�ons.5  The APR-DRG risk method used previously was modified by AHRQ to take 
POA information into account.  While this modification appears to be a major improvement, the 
effect this modification has on the existing APR-DRG method has not been well researched.  
Unpubl�shed	OSHPD	analyses	�nd�cate,	however,	that	the	adjustment	appears	to	result	�n	
�mproved	est�mates	of	hosp�tal	r�sk-adjusted	mortal�ty	rates.

In	past	vers�ons	of	the	software,	users	could	apply	the	�nd�cators	to	data	w�th	or	w�thout	POA.		
The	current	vers�on	of	the	software	(4.1),	however,	no	longer	prov�des	separate	models	w�th	
or	w�thout	POA,	and	assumes	that	POA	data	are	ava�lable	for	all	or	most	pat�ent	records.	
For	users	w�thout	POA	data,	the	model	�ncorporates	the	l�kel�hood	that	the	co-morb�d�ty	was	
present	on	adm�ss�on.	For	states	w�th	POA	data,	the	model	�s	based	on	the	data	element	
values	prov�ded.	Unl�ke	other	states	that	have	only	recently	started	collect�ng	POA	data,	
Cal�forn�a	has	mandated	that	hosp�tals	report	POA	data	s�nce	2006.		As	a	result,	the	software	
appl�ed	to	Cal�forn�a	data	does	not	depend	on	stat�st�cal	est�mates	for	m�ss�ng	data.	

How comparable are these Inpatient Mortality Indicators with other quality metrics  
produced by OSHPD or other organizations? 

Hosp�tal	results	us�ng	2008	and	2009	OSHPD	data	may	not	be	comparable	w�th	qual�ty	rat�ngs	
obta�ned	us�ng	other	methods,	even	when	the	cl�n�cal	area	of	exam�nat�on	�s	the	same.		For	
example,	coronary	artery	bypass	graft	(CABG)	surgery	�ssued	by	the	OSHPD	Cal�forn�a	CABG	
Outcomes	Report�ng	Program	(CCORP)	are	d�fferent	from	the	AHRQ	CABG	mortal�ty	�nd�cator	
�n	a	number	of	�mportant	ways.		Among	other	th�ngs,	OSHPD’s	CABG	report:

	 •	 Is	based	on	a	d�fferent	outcome,	“operat�ve	mortal�ty”	(�nclud�ng	deaths	occurr�ng	after	
	 	 d�scharge	but	w�th�n	30	days	post-operat�on),	wh�le	AHRQ’s	outcome	�s	�n-hosp�tal	
	 	 mortal�ty.

 • Uses clinical registry data, while AHRQ’s measure uses International Classification	
  of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coded patient	
	 	 d�scharge	data.	

	 •	 Only	�ncludes	cl�n�cally	s�m�lar	“�solated	CABG”	cases,	wh�le	the	AHRQ	measure	�ncludes	
	 	 most	all	CABG	cases.	

	 •	 Uses	a	r�sk	model	based	on	cl�n�cal	log�c,	wh�le	the	AHRQ	r�sk	model	�s	emp�r�cally	based.

	 •	 Computes	r�sk-adjusted	mortal�ty	rates	us�ng	only	Cal�forn�a	data,	wh�le	the	AHRQ	
	 	 algor�thm	�ncorporates	compar�son	data	from	the	2007	Nat�onal	Inpat�ent	Sample,	
	 	 developed	by	AHRQ	Healthcare	Cost	and	Ut�l�zat�on	Project	(HCUP).	

	 •	 Uses	aud�ted	data,	wh�le	the	AHRQ	measure	does	not.

5. In previous years of OSHPD patient discharge data, a similar set of present-on-admission fields were available called 	
condition present on admission.  These fields had slightly different data element definitions, and were changed in 2007 to 
adhere	to	nat�onal	standards.

http://www.hcup-us.ahrq.gov/nisoverview.jsp
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The	AHRQ	IMIs	also	d�ffer	�n	several	ways	from	OSHPD’s	gold-standard	r�sk	adjusted	outcome	
reports	that	use	adm�n�strat�ve	data	(commun�ty-acqu�red	pneumon�a	and	heart	attack).	The	
OSHPD	reports:

 • Use a 98% confidence interval to identify hospitals whose performance differs	
  significantly from the state average, while the AHRQ IMIs use a 95% confidence interval	
	 	 to	�dent�fy	hosp�tal	outl�ers.

	 •	 Use	30-day	mortal�ty	post-adm�ss�on	or	post-surgery	as	the	outcome,	wh�le	the	AHRQ	
	 	 IMIs	use	�n-hosp�tal	mortal�ty.

	 •	 Use	a	r�sk	model	based	on	both	cl�n�cal	log�c	and	emp�r�cal	cons�derat�ons,	wh�le	the		
	 	 AHRQ	IMI	r�sk	model	�s	emp�r�cally	based.

	 •	 Compute	r�sk-adjusted	mortal�ty	rates	us�ng	only	Cal�forn�a	data,	wh�le	the	AHRQ	IMI		
	 	 algor�thm	�ncorporates	data	from	other	states.

F�nally,	�t	�s	�mportant	to	note	some	of	the	d�fferences	between	the	prev�ous	OSHPD	
publ�cat�on	of	the	AHRQ	IMIs	(2006	and	2007	data)	and	th�s	report.	The	AHRQ	IMIs	us�ng	
2008	and	2009	data:

	 •	 Use	vers�on	4.1	of	the	AHRQ	software,	wh�le	the	prev�ous	reports	used	vers�on	3.2a.

 • Use an exact method to calculate confidence intervals (see below), while the previous 	
	 	 reports	used	a	normal	approx�mat�on	approach.

Even	when	data	sources	are	s�m�lar,	d�fferences	�n	the	data	years,	�nclus�on	and	exclus�on	
cr�ter�a,	the	r�sk	model,	the	stat�st�cal	methods	employed,	and	dec�s�ons	on	how	to	categor�ze	
performance	can	lead	to	d�fferent	results	when	compar�ng	a	g�ven	hosp�tal	us�ng	more	than	
one	metr�c.

What Inpatient Mortality Indicators and which hospitals are included in the 2008 and 
2009 results for California hospitals?

The	December	2009	release	of	AHRQ	software	vers�on	4.1	allows	calculat�on	of	15	IMIs,	
�nclud�ng	7	measures	related	to	surg�cal	procedures	and	8	measures	related	to	med�cal	
cond�t�ons.	The	results	for	3	of	the	15	ava�lable	IMIs	were	not	reported	us�ng	OSHPD	2008	and	
2009	data	for	the	follow�ng	reasons:

	 •	 For	coronary	artery	bypass	graft	(CABG)	surgery,	OSHPD	Cal�forn�a	CABG	Outcomes		
	 	 Report�ng	Program	(CCORP)	already	reports	hosp�tal	and	surgeon-level	r�sk-adjusted		
	 	 mortal�ty	rates	and	qual�ty	rat�ngs	us�ng	data	from	a	cl�n�cal	reg�stry	expressly	created		
	 	 for	qual�ty	mon�tor�ng	and	report�ng.	Th�s,	along	w�th	other	features	of	the	data	collected		
	 	 by	CCORP,	results	�n	super�or	qual�ty	assessments	to	those	obta�ned	from	the	AHRQ		
	 	 CABG	measure.

	 •	 For	acute	myocard�al	�nfarct�on	(AMI),	AHRQ	IMIs	�nclude	two	measures;	one	�ncludes	
	 	 all	AMI	pat�ents	and	one	excludes	pat�ents	transferred	to	another	acute	care	hosp�tal.		
	 	 Upon	adv�ce	from	experts	on	�ts	Techn�cal	Adv�sory	Comm�ttee	(TAC),	OSHPD	dec�ded		
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	 	 to	report	only	the	measure	that	�ncludes	transfer	pat�ents.		Analyses	showed	that	
	 	 transfer	pat�ents	were,	on	average,	less	severely	�ll	and	exper�enced	lower	mortal�ty		
	 	 rates	than	non-transfer	pat�ents	so	hosp�tals	that	rece�ved	large	numbers	of	transfer	
	 	 pat�ents	were	not	d�sadvantaged	by	th�s	dec�s�on.

	 •	 F�nally,	h�p	replacement	was	not	�ncluded	because	�t	lacked	Nat�onal	Qual�ty	Forum		
	 	 endorsement,	had	a	very	low	mortal�ty	rate,	and	subsequently	OSHPD’s	TAC	quest�oned		
	 	 �ts	value	as	a	hosp�tal-level	reported	measure.

As a result, the following indicators are included in this report (more detailed definitions, 
including technical specifications, may be found on the AHRQ	Web	s�te):

Surgical Procedures 

	 •	 Esophageal Resection –	the	number	of	deaths	per	100	pat�ents	w�th	Internat�onal	
  Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 	
	 	 procedure	code	for	esophageal	resect�on.	

	 •	 Pancreatic Resection –	the	number	of	deaths	per	100	pat�ents	w�th	ICD-9-CM	
	 	 procedure	code	for	pancreat�c	resect�on.	

	 •	 Craniotomy	–	the	number	of	deaths	per	100	d�scharges	w�th	a	D�agnos�s-Related		
	 	 Group	(DRG)	code	for	cran�otomy	(DRG	001,	002,	528,	529,	530,	and	543),	w�th	and		
	 	 w�thout	comorb�d�t�es	and	compl�cat�ons.	

	 •	 Carotid Endarterectomy –	the	number	of	deaths	per	100	pat�ents	w�th	ICD-9-CM	
	 	 procedure	code	for	carot�d	endarterectomy.		

	 •	 Percutaneous Transluminal Coronary Angioplasty (PTCA)	–	the	number	of	deaths		
	 	 per	100	pat�ents	w�th	ICD-9-CM	pr�nc�pal	procedure	code	for	PTCA.		

	 •	 Abdominal Aortic Artery (AAA) Repair	–	the	number	of	deaths	per	100	pat�ents	w�th		
	 	 ICD-9-CM	pr�nc�pal	procedure	codes	for	AAA	repa�r	and	any	secondary	d�agnos�s	of	AAA.		

AHRQ	currently	produces	a	s�ngle	AAA	repa�r	�nd�cator	that	�ncludes	�npat�ents	w�th	both	
ruptured	and	unruptured	aneurysms.		The	OSHPD	TAC	recommended	that	OSHPD	
exclude rupture cases, as defined by ICD-9-CM code 4413, when calculating hospital risk-
adjusted	mortal�ty	rates.		Pat�ents	w�th	aneurysm	rupture	have	an	observed	mortal�ty	rate	
of	42.4%	and	one	of	the	key	determ�nants	of	surv�val	�s	the	t�me	elapsed	s�nce	rupture,	
wh�ch	�s	not	ava�lable	�n	these	data	as	a	r�sk	adjuster.		Exclud�ng	rupture	cases	removes	
approx�mately	9%	of	all	AAA	cases	and	reduces	overall	mortal�ty	from	5.9%	to	2.4%.

Medical Conditions

	 •	 Acute Stroke	–	the	number	of	deaths	per	100	pat�ent	d�scharges	w�th	ICD-9-CM	
	 	 pr�nc�pal	d�agnos�s	code	for	stroke.	

	 •	 Gastrointestinal (GI) Hemorrhage	–	the	number	of	deaths	per	100	pat�ent	d�scharges		
	 	 w�th	ICD-9-CM	pr�nc�pal	d�agnos�s	code	for	GI	hemorrhage.	

http://www.qualityindicators.ahrq.gov/Modules/iqi_overview.aspx
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	 •	 Hip Fracture	–	the	number	of	deaths	per	100	pat�ent	d�scharges	w�th	ICD-9-CM	
	 	 pr�nc�pal	d�agnos�s	code	for	h�p	fracture.

	 •	 Congestive Heart Failure (CHF)	–	the	number	of	deaths	per	100	pat�ent	d�scharges		 	
	 	 w�th	ICD-9-CM	pr�nc�pal	d�agnos�s	code	for	CHF.	

	 •	 Acute Myocardial Infarction (AMI)	–	the	number	of	deaths	per	100	pat�ent	d�scharges		
	 	 w�th	ICD-9-CM	pr�nc�pal	d�agnos�s	code	for	AMI.	

	 •	 Pneumonia	–	the	number	of	deaths	per	100	pat�ent	d�scharges	w�th	ICD-9-CM	pr�nc�pal		
	 	 d�agnos�s	code	for	pneumon�a.	

Hospital Selection

To	be	�ncluded	�n	th�s	report,	a	Cal�forn�a	general	acute	care	hosp�tal	(466	fac�l�t�es	�n	2009)	
had	to	have	at	least	one	pat�ent	el�g�ble	for	�nclus�on	�n	the	IMIs	(374	fac�l�t�es	�n	2009).	In	
add�t�on,	34	hosp�tals	were	excluded	�n	2009	for	the	follow�ng	reasons:
	
	 •	 Twenty	were	excluded	based	on	the�r	categor�zat�on	by	the	Center	for	Med�care	and		
	 	 Med�ca�d	Serv�ces	(CMS)	as	long-term	acute	care	hosp�tals,	or	hav�ng	an	average	length		
	 	 of	stay	that	exceeded	CMS-des�gnated	long-term	acute	care	hosp�tals	–	these	fac�l�t�es		
	 	 treat	pat�ents	w�th	long-term	acute	cond�t�ons	(e.g.,	requ�r�ng	resp�rator	care)	and	have		
	 	 an	average	length	of	stay	greater	than	25	days.

	 •	 One	fac�l�ty	was	excluded	because	�t	prov�ded	only	hosp�ce	care.

	 •	 Twelve	fac�l�t�es	spec�al�z�ng	�n	ped�atr�c	care	were	excluded.

The	excluded	hosp�tals	are	l�sted	�n	Table	1.	

Table 1. Hospitals excluded from AHRQ IMI reports using 2008 and 2009 OSHPD 
data due to provision of long-term acute care (CMS determination), hospice care 

or pediatric facility designation

Types of Exclusion Hospital Name
CMS	Long-Term	Acute	Care 1.	Barlow	Resp�ratory	Hosp�tal

2. Kentfield Rehabilitation Hospital
3.	K�ndred	Hosp�tal	–	La	M�rada
4.	K�ndred	Hosp�tal	–	Los	Angeles
5.	K�ndred	Hosp�tal	–	Sacramento
6.	K�ndred	Hosp�tal	–	San	D�ego
7.	K�ndred	Hosp�tal	–	Brea
8.	K�ndred	Hosp�tal	–	Ontar�o
9.	K�ndred	Hosp�tal	–	Westm�nster
10.	K�ndred	Hosp�tal	–	San	Franc�sco		
Bay	Area
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CMS	Long-Term	Acute	Care	(cont.) 11.	Northern	Cal�forn�a	Rehab�l�tat�on	Hosp�tal
12.	Prom�se	Hosp�tal	of	East	Los		
Angeles	–	East	Los	Angeles	Campus
13.	Prom�se	Hosp�tal	of	San	D�ego
14.	V�bra	Hosp�tal	of	San	D�ego	(2009)/	
Cont�nental	Rehab	Hosp	of	San	D�ego	(2008)
15.	V�sta	Hosp�tal	of	R�vers�de
16.	V�sta	Hosp�tal	of	San	Gabr�el	Valley
17.	V�sta	Hosp�tal	of	South	Bay
18.	Newport	Spec�alty	Hosp�tal	(2009)/Tust�n	
Hosp�tal	and	Med�cal	Center	(2008)
19.	Rancho	Spec�alty	Hosp�tal
20.	Los	Angeles	County/Rancho	Los	Am�gos	
Nat�onal	Rehab�l�tat�on	Center

Hosp�ce	Care 1.	San	D�ego	Hosp�ce	and	Pall�at�ve	Care	
–	Acute	Care	Center

Ped�atr�c	Fac�l�ty 1.	Ch�ldren’s	Hosp�tal	of	Los	Angeles
2.	Ch�ldren’s	Hosp�tal	Central		
Cal�forn�a
3.	Ch�ldren’s	Hosp�tal	of	Orange		
County
4.	Ch�ldren’s	Hosp�tal	at	M�ss�on
5.	Luc�le	Salter	Packard	Ch�ldren’s	Hosp�tal	at	
Stanford
6.	Ch�ldren’s	Hosp�tal	and	Research	Center	
at	Oakland
7.	Earl	and	Lorra�ne	M�ller	Ch�ldren’s	Hosp�tal
8.	Rady	Ch�ldren’s	Hosp�tal	–		
San	D�ego
9.	Shr�ners	Hosp�tal	for	Ch�ldren		
Northern	Cal�forn�a
10.	Shr�ners	Hosp�tal	for	Ch�ldren	–	Los	An-
geles
11.	Sharp	Mary	B�rch	Hosp�tal	for	Women	and	
Newborns	(2009)/Sharp	Mary	B�rch	Hosp�tal	
for	Women	(2008)
12.	Sutter	Matern�ty	and	Surgery		
Center	of	Santa	Cruz
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The final exclusion criterion relates to the volume of patients for each AHRQ IMI. The AHRQ 
software will not report results for a specific IMI if there were two or fewer cases in the 
denom�nator	for	a	g�ven	hosp�tal.		Hence,	hosp�tals	w�th	two	or	fewer	cases	�n	the	denom�nator	
for	all	�nd�cators	do	not	appear	�n	the	report.		Hosp�tals	excluded	based	on	th�s	cr�ter�on	are	
l�sted	�n	Table	2.	After	exclus�ons,	336	hosp�tals	rema�n	and	are	�ncluded	�n	the	2009	report.

Table 2. Hospitals excluded from AHRQ IMI reports using 2008 and 2009 OSHPD 
data due to reporting fewer than three patients for all AHRQ IMIs

2008 2009
1.	Fresno	Surg�cal	Hosp�tal 1.	San	Joaqu�n	Valley	Rehab�l�tat�on	Hosp�tal
2.	Southern	Inyo	Hosp�tal 2.	Southern	Inyo	Hosp�tal
3.	College	Hosp�tal	Costa	Mesa 3.	Monrov�a	Med�cal	Center
4.	Pat�ents’	Hosp�tal	of	Redd�ng 4.	Seton	Med�cal	Center	–	Coasts�de
5.	Sutter	Surg�cal	Hosp�tal	–	North	Valley 5.	Thousand	Oaks	Surg�cal	Hosp�tal

In	cases	of	hosp�tal	name	changes,	the	d�scharges	were	attr�buted	to	the	name	of	the	hosp�tal	
�n	use	at	the	t�me	the	serv�ces	were	prov�ded.		Table	3	shows	hosp�tals	that	changed	names	
between	2008	and	2009.

Table 3. Hospitals with Name Changes in AHRQ IMI reports between 2008 and 2009

Hospital Name in 2008 Hospital Name in 2009
1.	Redbud	Commun�ty	Hosp�tal 1.	Sa�nt	Helena	Hosp�tal	–	Clearlake
2.	Commun�ty	Med�cal	Center	–	Clov�s 2.	Clov�s	Commun�ty	Med�cal	Center
3.	L�ttle	Company	of	Mary	Med�cal	Center	
–	Torrance

3.	Prov�dence	L�ttle	Company	of	Mary		
Med�cal	Center	–	Torrance

4.	L�ttle	Company	of	Mary	Med�cal	Center	
–	San	Pedro

4.	Prov�dence	L�ttle	Company	of	Mary		
Med�cal	Center	–	San	Pedro

5.	Anahe�m	Memor�al	Med�cal	Center 5.	AHMC	Anahe�m	Reg�onal	Med�cal	Center
6.	Commun�ty	Hosp�tal	of	Los	Gatos 6.	El	Cam�no	Hosp�tal	Los	Gatos

Exactly how were the AHRQ Inpatient Mortality Indicators calculated?

OSHPD used a modified version of AHRQ Quality Indicators software version 4.1 for SAS, 
released	�n	December	2009.		AHRQ’s	free	software	and	assoc�ated	documentat�on	are	
ava�lable	onl�ne	at	www.qual�ty�nd�cators.ahrq.gov/�q�_download.htm.

The first step in calculating rates was to transform the data elements and values of the 
2008	and	2009	pat�ent	d�scharge	data	�nto	a	format	that	can	be	read	by	the	AHRQ	software.		
Second, OSHPD specified the number of diagnoses and procedures available in the dataset.  
Third, All Patient Refined Diagnosis Related Groups (APR-DRG) “groupers” and associated 
“r�sk	of	mortal�ty”	categor�es	were	added	to	each	pat�ent	record	by	runn�ng	the	3M	Health	
Information Systems Corporation software licensed to AHRQ.  Finally, the coefficients used in 

www.qualityindicators.ahrq.gov/iqi_download.htm
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the	r�sk-adjustment	process	(descr�bed	below),	as	well	as	populat�on	rates,	were	constructed	
based	on	the	2007	Nat�onal	Inpat�ent	Sample	(NIS)	comp�led	by	AHRQ	Healthcare	Cost	and	
Utilization Project (HCUP). The coefficients from the 2007 NIS were used for both the 2008 
and	2009	reports.	Once	the	data	were	transformed	and	the	opt�ons	set,	the	software	was	run	to	
automat�cally	calculate	the	rates	descr�bed	below.

Standard�z�ng	the	Pat�ent	Data

Cal�forn�a	hosp�tals	electron�cally	subm�t	�npat�ent	data,	�nclud�ng	pat�ent	age,	length	of	stay,	
gender, race, and International Classification of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM)	codes	and	related	�nformat�on	to	OSHPD.		The	OSHPD,	Healthcare	Informat�on	
D�v�s�on,	Pat�ent	Data	Sect�on	then	appl�es	thousands	of	qual�ty	control	automated	“ed�ts”	us�ng	
a custom software program that flags data values submitted by hospitals to OSHPD as invalid 
or	l�kely	wrong.		If	certa�n	thresholds	are	reached,	hosp�tals	are	contacted	and	asked	to	rev�ew	
the data and make any necessary changes.  Once the data have been finalized, OSHPD 
researchers	use	SAS®	software	to	transform	the	data	elements	to	conform	to	the	standards	
specified in the AHRQ documentation.  These are the same standards that AHRQ applies to 
the	State	Inpat�ent	Database	and	the	Nat�onal	Inpat�ent	Sample,	collected	from	many	states	
and	ma�nta�ned	by	the	federal	government.

Calculat�on	of	Observed	Rates

The	AHRQ	IMI	software	produces	numerators,	denom�nators,	observed	rates,	expected	rates,	
risk-adjusted rates, and additional information to evaluate confidence intervals and reliability of 
the	�nd�cators.		The	2008	and	2009	reports	produced	by	OSHPD	focus	on	r�sk-adjusted	rates	
and confidence intervals for California acute care hospitals.  Terminology and methodology 
used	for	determ�n�ng	these	rates	are	descr�bed	below	to	help	expla�n	the	process	of	generat�ng	
r�sk-adjusted	rates.			

Numerator – The number of inpatient deaths that occurred in a specific denominator 
populat�on.		For	example,	the	number	of	pat�ents	who	d�ed	w�th�n	the	hosp�tal	after	be�ng	
adm�tted	for	congest�ve	heart	fa�lure	(after	exclud�ng	pat�ent	records	based	on	the	denom�nator	
definition). 

Denominator	–	For	each	IMI,	expert	cl�n�c�ans	used	ICD-9-CM	codes	to	select	pat�ent	
d�scharge	records	w�th	d�agnoses	or	procedures	that	�nd�cate	a	part�cular	cond�t�on	or	
procedure.  For example, congestive heart failure is a complex condition that can be defined by 
numerous diagnoses, thus clinicians select only the specific codes that represent the intended 
concept	of	the	�nd�cator.		From	the	�n�t�al	cohorts	of	pat�ents,	some	records	were	excluded.		For	
example,	pat�ents	that	were	transferred	to	another	short-term	hosp�tal	were	excluded	for	some	
cohorts	(see	AHRQ	documentat�on	for	add�t�onal	exclus�on	cr�ter�a).		In	add�t�on,	maternal	
pat�ents	were	excluded	when	construct�ng	most	of	the	�nd�cators.	In	sum,	the	denom�nators	
represent the total number of patients for specific conditions or procedures that are “at risk” of 
dy�ng	dur�ng	the�r	hosp�tal	stay.				

www.qualityindicators.ahrq.gov/iqi_download.htm
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Observed Rates – An observed mortality rate is defined as the number of patient deaths that 
occur within a specified group of patients admitted to the hospital for a medical condition or 
surg�cal	procedure.	

Calculat�on	of	Expected	Deaths	at	Each	Hosp�tal

The	purpose	of	stat�st�cal	r�sk-adjustment	�s	to	prov�de	an	equ�table	compar�son	between	
hosp�tals	by	account�ng	for	hosp�tals	that	treat	s�cker	pat�ents	versus	those	that	treat	health�er	
ones.		To	make	compar�sons	fa�r,	�t	�s	necessary	to	hold	the	pat�ent	“case	m�x”	of	hosp�tals	
constant	by	adjust�ng	for	the	�llness	sever�ty	of	pat�ents.	To	create	r�sk-adjusted	rates,	the	
first step is to estimate how many people would be expected to die in a particular hospital if 
they	had	a	m�x	of	pat�ents	that	was	comparable	to	the	average	hosp�tal	from	the	reference	
populat�on	(the	2008	and	2009	Cal�forn�a	observed	rates	for	th�s	report).		Although	the	
part�cular	methods	requ�re	techn�cal	expert�se,	the	process	of	generat�ng	expected	rates	�s	
stra�ghtforward.			

Step 1:  Select Risk Factors to Predict Inpatient Death 

Consult�ng	w�th	med�cal	experts	and	stat�st�c�ans,	AHRQ	chose	r�sk-factors	that	pred�cted	
hosp�tal	�npat�ent	death.	For	most	of	the	IMIs,	the	r�sk	factors	�nclude	pat�ent	age,	gender,	
procedure/cond�t�on	category,	and	a	r�sk-of-mortal�ty	score	assoc�ated	w�th	each	procedure/
cond�t�on	category.		To	ass�gn	each	pat�ent	�nto	a	procedure/cond�t�on	category,	AHRQ	selected	
a	propr�etary	tool	from	the	3M	Health	Informat�on	Systems	Corporat�on—the	All	Pat�ent	
Refined Diagnosis Related Groups (APR-DRGs). The APR-DRG system works with hospital 
adm�n�strat�ve	data	and	prov�des	a	way	to	categor�ze	pat�ents	�nto	procedure/cond�t�on	groups,	
and,	g�ven	membersh�p	to	that	group,	to	est�mate	the	sever�ty	of	pat�ents’	d�seases	and	the	
l�kel�hood	that	they	w�ll	d�e	�n	the	hosp�tal.		These	est�mates	are	calculated	by	look�ng	at	pat�ent	
age,	pr�nc�pal	d�agnos�s,	and	secondary	d�agnoses	to	ass�gn	each	pat�ent	�nto	one	of	four	
categor�es	(low,	moderate,	h�gh,	and	very	h�gh)	for	d�sease	sever�ty	and	r�sk	of	mortal�ty.

OSHPD staff used the AHRQ-licensed software from 3M to apply the APR-DRG fields to 
the	standard�zed	Cal�forn�a	hosp�tal	�npat�ent	data	descr�bed	above.		Th�s	creates	the	base	
APR-DRG category and the associated “risk of mortality” fields in the dataset.  The software 
automatically removes all of the ICD-9-CM codes flagged as “POA” = “No”.   In other words, 
all	compl�cat�on	codes	are	removed	from	the	dataset	and,	thus,	hosp�tals	are	not	rewarded	for	
compl�cat�ons	�n	the	r�sk	adjustment	process.		

Step 2:  Create Multivariate Model to Predict Inpatient Death	

In	past	vers�ons	of	the	software,	AHRQ	used	s�mple	log�st�c	regress�on	to	ass�gn	probab�l�t�es	
to	each	pat�ent.		Vers�on	4.1	of	the	AHRQ	software,	released	December	2009,	uses	“general	
est�mat�ng	equat�ons”	to	�mprove	the	accuracy	and	prec�s�on	of	the	regress�on	est�mates.	
Th�s	relat�vely	new	stat�st�cal	approach	allows	for	better	est�mat�on	of	pat�ent	case	m�x	at	
hosp�tals	w�th	very	�ll	pat�ents.		In	add�t�on,	“Markov	Cha�n	Monte	Carlo”	techn�ques	are	used	
to	d�fferent�ate	the	“true”	�mpact	of	pat�ent	factors	(e.g.,	avo�d	g�v�ng	too	much	cred�t	to	pat�ents	
w�th	rare	co-morb�d�t�es).		AHRQ	has	stated	plans	to	publ�sh	a	more	deta�led	summary	of	how	
these	models	work	on	�ts	Web	s�te.		
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Step 3:  Apply Model Coefficients to California Data		

The software provided by AHRQ includes the coefficients or weights for each IMI that were 
created	by	produc�ng	the	mult�var�ate	model	on	the	2007	Nat�onal	Inpat�ent	Sample.		To	enable	
custom reports on new samples of data, the AHRQ software identifies which risk-factor is 
present for each patient.  Then the coefficients are appropriately applied so that a predicted 
probab�l�ty	of	death	�s	ass�gned	to	each	pat�ent.

Step 4:  Recalibrate the Expected Probability of Death		

Most	trad�t�onal	regress�on	models	such	as	log�st�c	regress�on	result	�n	est�mates	�n	wh�ch	the	
pred�cted	number	of	deaths	for	the	ent�re	sample	�s	very	close	to	or	exactly	the	same	as	the	
observed	number	of	deaths	�n	the	sample.		The	newer	Bayes�an	model�ng	approach	selected	
by	AHRQ,	however,	creates	est�mates	�n	wh�ch	the	expected	number	of	deaths	�s	fewer	than	
the	observed	deaths.		AHRQ	cons�dered	both	“proport�onal”	and	“add�t�ve”	alternat�ves	to	
improve the model calibration, and its analyses suggested that model fit would be improved by 
some	comb�nat�on	of	a	proport�onal	and	add�t�ve	model	where	the	relat�ve	we�ght	would	vary	by	
the	d�scharge	pred�cted	rate.		In	the	4.1	release	of	the	AHRQ	software,	an	add�t�ve	cal�brat�on	
method	was	prov�ded.	However,	AHRQ	has	�nd�cated	that	the	proport�onal	method	may	be	
more	appropr�ate,	unt�l	the	newer	more	complex	method	�s	developed,	and	plans	to	�nclude	
th�s	�mprovement	�n	a	future	software	release.		After	commun�cat�on	w�th	AHRQ,	OSHPD	
staff	rece�ved	the	software	changes	from	AHRQ	to	�mplement	the	proport�onal	method	�n	the	
software	vers�on	used	to	produce	the	2008	and	2009	reports.

Conceptually,	the	“add�t�ve”	calculat�on	�n	the	earl�er	AHRQ	software	vers�on	was:

Y = C + E

Where:
C	�s	a	constant
E	�s	the	pat�ent’s	expected	probab�l�ty	of	death	

The	“proport�onal”	calculat�on	�n	the	later	release	(vers�on	4.1b)	of	the	AHRQ			
software	�s:

Y = (P / (P – C)) * E

Where:
C	�s	a	constant
P	�s	the	reference	populat�on	rate	
E	�s	the	pat�ent’s	expected	probab�l�ty	of	death

Step 5: Estimate Expected Deaths at Each Hospital  

The first four steps assign a probability of death for each patient record.  To obtain the 
expected	number	of	deaths	for	each	hosp�tal,	the	software	s�mply	adds	up	all	of	the	pat�ent-
level	probab�l�t�es	for	each	fac�l�ty.			
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Calculat�on	of	R�sk-Adjusted	Rates	

W�th	observed	and	expected	mortal�ty	rates	ava�lable	for	each	hosp�tal,	�t	�s	then	poss�ble	to	
construct risk-adjusted rates.  While it is sufficient to compare the difference between observed 
and	expected	rates	to	assess	h�gher	and	lower	qual�ty,	add�ng	a	reference	populat�on	makes	�t	
eas�er	to	compare	rates.		The	r�sk-adjusted	(or	�nd�rectly	standard�zed)	death	rate	at	a	hosp�tal	
equals	the	State	Observed	Rate,	mult�pl�ed	by	the	rat�o	of	the	number	of	observed	deaths	
to	the	number	of	expected	deaths	at	that	hosp�tal	(Observed	Cases	/	Expected	Case	or	“O/
E”	rat�o).		The	O/E	rat�o	prov�des	a	transparent	and	easy	to	understand	assessment	of	that	
hosp�tal’s	performance.	A	rat�o	that	�s	less	than	one	�nd�cates	there	were	fewer	actual	deaths	
than	expected	(a	good	result)	wh�le	a	rat�o	greater	than	one	�nd�cates	that	there	were	more	
deaths	than	would	be	expected,	g�ven	the	level	of	r�sk	�n	the	pat�ent	m�x.

Calculat�on	of	Stat�st�cal	Outl�ers	

For	each	IMI,	hosp�tals	were	rated	as	“better	than	expected”	�f	the�r	r�sk-adjusted	death	rates	
were significantly lower than the statewide observed rate. They were rated as “worse than 
expected” if their rates were significantly higher than the statewide risk-adjusted rate of the 
particular IMI.  To calculate outlier ratings, OSHPD used the 95% upper and lower confidence 
intervals.  The 4.1 version of the AHRQ software calculates confidence intervals (CI) using the 
normal	approx�mat�on	as	follows:

Lower CI = “Hospital A” risk-adjusted rate – (1.96 * Standard Error)
Upper CI = “Hospital A” risk-adjusted rate + (1.96 * Standard Error) 

The	standard	error	for	the	risk-adjusted rates	(for	each	hosp�tal)	�s	based	on	the		
follow�ng	formula:

The	Root	Mean	Squared	Error	(RMSE)	for	each	hosp�tal	�s:	

RMSE = square root (risk-adjusted rate, hospital A * (1 – risk-adjusted rate, hospital A))  

The	Standard	Error	�s:

SE = RMSE / square root (Denominator hospital A)     

For	example:

If	hosp�tal	A	had	a	rate	of	0.20	and	the	denom�nator	of	500:

Lower CI =  0.20 – 1.96 * sqrt [( 0.20 * (1 – 0.20)) /  500]
Upper CI =  0.20 + 1.96 * sqrt [( 0.20 * (1 – 0.20)) /  500]

After discussions with AHRQ and University of California researchers, OSHPD staff modified 
the 4.1 version of the AHRQ software and implemented confidence intervals (CI) based on 
the	exact	method.		All	OSHPD	outcome	reports	to	date	have	employed	the	exact	method	�n	
calculat�ng	CIs.	The	exact	method	�s	based	on	the	exact	probab�l�ty	of	the	number	of	observed	
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deaths	(or	a	more	extreme	number)	occurr�ng	by	chance,	g�ven	the	number	of	expected	deaths	
at	a	hosp�tal.	Th�s	approach	d�ffers	from	the	normal	approx�mat�on	method	used	by	AHRQ	
that	�s	descr�bed	above	�n	that	�t	rel�es	on	fewer	d�str�but�onal	assumpt�ons	and	prov�des	more	
conservat�ve	est�mates	for	hosp�tals	w�th	relat�vely	few	expected	deaths.6		AHRQ	agreed	that	
the	exact	method	�s	more	appropr�ate	for	publ�c	report�ng	and	may	�mplement	th�s	�mprovement	
�n	future	software	releases.				

To	�dent�fy	stat�st�cal	outl�ers,	OSHPD	compared	hosp�tal	r�sk-adjusted	rates	to	the	upper	and	
lower	CIs.		If	a	hosp�tal’s	upper	CI	�s	less	than	the	statew�de	observed	rate,	�t	�s	des�gnated	
as	perform�ng	“better”	than	the	average	hosp�tal.		If	a	hosp�tal’s	lower	CI	�s	greater	than	the	
state	rate,	�t	�s	des�gnated	as	perform�ng	“worse”	than	the	average	state	hosp�tal.		Us�ng	th�s	
approach, one can be 95% confident that a rating of “better than expected” or “worse than 
expected”	was	not	obta�ned	by	chance.		Smaller	hosp�tals,	however,	have	less	stat�st�cal	power	
to be classified as performance outliers, especially significantly better than the statewide rate. 
The�r	r�sk-adjusted	death	rates	would	have	to	be	much	h�gher	or	lower	than	a	h�gh-volume	
hospital’s for them to be “significantly” different from the state average. Conversely, a large 
hospital with more patients for a particular indicator may be identified as significantly different 
even	when	�ts	death	rate	d�ffers	only	moderately	from	the	state	average.

6.	Luft	HS,	Brown	BW	Jr.	(1993).	Calculat�ng	the	probab�l�ty	of	rare	events:	Why	settle	for	an	approx�mat�on?	Health	Serv�ces	
Research,	28,	419-439.




