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	AHRQ
	PSI’s:	poten@ally	preventable	pa@ent	safety	incidents		

	Ø
 PSI	02	Death	Rate	in	Low

-M
ortality	Diagnosis-	Related	Groups	(DRGs)	

Ø
 PSI	03	Pressure	U

lcer	Rate*	
Ø
 PSI	04	Death	Rate	Am

ong	Surgical	Inpa@ents	w
ith	Serious	Treatable	Com

plica@ons		
Ø
 PSI	05	Retained	Surgical	Item

	or	U
nretrieved	Device	Fragm

ent	Count		
Ø
 PSI	06	Iatrogenic	Pneum

othorax	Rate*	
Ø
 PSI	07	Central	Venous	Catheter-related	Bloodstream

	Infec@on	Rate	
Ø
 PSI	08	Postopera@ve	Hip	Fracture	Rate*	

Ø
 PSI	09	Periopera@ve	Hem

orrhage	or	Hem
atom

a	Rate*		
Ø
 PSI	10	Postopera@ve	Physiologic	and	M

etabolic	Derangem
ent	Rate*		

Ø
 PSI	11	Postopera@ve	Respiratory	Failure	Rate*	

Ø
 PSI	12	Periopera@ve	Pulm

onary	Em
bolism

	or	Deep	Vein	Throm
bosis	Rate*	

Ø
 PSI	13	Postopera@ve	Sepsis	Rate*		

Ø
 PSI	14	Postopera@ve	W

ound	Dehiscence	Rate*	
Ø
 PSI	15	Accidental	Puncture	or	Lacera@on	Rate*	

Ø
 PSI	16	Transfusion	Reac@on	Count	

Ø
 PSI	17	Birth	Traum

a	Rate	–	Injury	to	N
eonate		

Ø
 PSI	18/19	O

bstetric	Traum
a	Rate	–	vaginal	delivery	w

ith/w
o	instrum

ent	

*	PSI90	com
ponent	



M
arch	2015	

Indicator	
Descrip+on	

N
um

erator	
Denom

inator	
O
bserved	Rate	

per	1000	

PSI	#2	
Death	Rate	on	Low

-M
ortaility	

DRG’s	
1,822	

5,636,509	
0.32	

PSI	#4	
Death	Rate	am

ong	Surgical	
Inpa@ents	w

ith	Serious	Treatable	
Condi@ons	(Cardiac	arrest,	PE,	
pneum

onia,	Sepsis,	GI	bleed;	aka			
“	FAILU

RE	TO
	RESCU

E”)	
	

22,014	
185,587	

118.62	

M
arch	2015,	2012	data	

_____	
23,836	

28,703	prescript	opioid	deaths	(2014)	



In-hospital	Cardiac	Arrest	
Incidence	of	cardiac	arrest:	1/	1000	hospital	bed	days			(190,000	in	2012)	
	

Girotra,	Saket,	et	al.	"Trends	in	survival	aker	in-hospital	cardiac	arrest."	N
ew

	England	Journal	of	M
edicine	367.20	

(2012):	1912-1920.	 38%
	of	survivors	had	cri@cal	anoxic	brain	injury	

			

PSI	#4	



A
ssociation of O

pioids and Sedatives w
ith Increased R

isk of In-H
ospital 

C
ardiopulm

onary A
rrest. 

O
verdyk FJ, D

ow
ling O

, M
arino J, et. al.	

	PLO
S	O

N
E	11.2	(2016):	e0150214. 

 O
pioids/Sedative U

se 
2007-1012 

C
ardiac A

rrest 
(n=96,554) 

N
o C

ardiac 
A

rrest 
(n=12,180,137) 

O
dds 

R
atio* 

95%
 C

I 

B
oth O

pioid and 
S

edative 
41.0 %

 
21.8%

 
3.47  

(3.40, 3.54) 

O
pioid only 

28.0%
 

31.4%
 

1.81 
(1.77, 1.85) 

S
edative only 

13.8%
 

14.3%
 

1.82 
(1.78, 1.87) 

N
either O

pioid N
or 

S
edative 

17.2%
 

32.6%
 

R
ef. 

“Low
	Acuity”	Pa+ents	

				Cardiac	Arrest	

General	Care	Floor	
	21,564							



Ac+on:		
Deploy	Rapid	Response	Team

s	(RRT)		at	the	first	sign	of	pa+ent	
decline	

“The	nam
es	of	the	pa?ents	w

hose	lives	w
e	save	can	

never	be	know
n.	O

ur	contribu?on	w
ill	be	w

hat	did	not	
happen	to	them

…
.."	

	Donald	M
.	Berw

ick,	M
D,	M

PP,		Ins?tute	for	Healthcare	Im
provem

ent,	Dec	2004	
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pdate	on	2013	Annual	Hospital-Acquired	Condi@on	Rate	and	Es@m

ates	of	Cost	Savings	and	Deaths	Averted	From
	2010	to	2013	



AHRQ
:	Interim

	U
pdate	on	2013	Annual	Hospital-Acquired	Condi@on	Rate	and	Es@m

ates	of	Cost	Savings	and	Deaths	Averted	From
	2010	to	2013	



                                          
Incidence, Location and R

easons for Preventable in-
hospital C

ardiac A
rrest in a  D

istrict G
eneral H

ospital 
H

odgetts T, K
enw

ard G
, Vlackonikolis I, et. al. 

R
esuscitation

     54: (2002) 115-123  
 

			 

  

							

– 78%
	of	general	care	w

ard	cardiac	arrests	(139)	w
ere	

deem
ed	�avoidable’.	

	– The	odds	of	a	poten@ally	�avoidable�	cardiac	arrest	w
as	

5.1	@m
es	greater	for	the	general	care	w

ard	than	a	
m
onitored	sen

ng.		

– Pa@ents	arres@ng	at	night	and	on	w
eekends:	15%

	chance	
of	survival	un@l	discharge	and	89%

	chance	of	an	hypoxic	
brain	injury.				(Peberdy,	M

ary	Ann,	et	al.	"Survival	from
	in-hospital	cardiac	arrest	

during	nights	and	w
eekends."	JAM

A	299.7	(2008):	785-792.	

	



                                          
Iden@fying	the	hospitalised	pa@ent	in	crisis”—

A	consensus	
Conference	on	the	Afferent	lim

b	of	Rapid	Response	System
s		

DeVita	M
,	Sm

ith	GB,	Adam
	SK		et.al.		

Resuscita@on	81	(2010)	375–382		
 

			 

  

							

Ø
 vital	sign	aberra@ons	predict	risk	

Ø
 m

onitoring	pa@ents	m
ore	effec@vely	m

ay	im
prove	outcom

e,	
although	som

e	risk	is	random
	

	Ø
 There	w

as	agreem
ent	that,	if	prac@cal	and	affordable,	all	

pa@ents	should	be	m
onitored	con@nuously.		

	Ø
 concern	that	current	technology	is	clinically	inadequate	due	to	
a	poten@al	for	high	false	posi@ve	or	false	nega@ve	rates	

Ø
 	the	w

orkload	im
plica@ons	of	m

onitoring	on	the	clinical	
w
orkforce	have	not	been	explored	

			



How
	do	w

e	m
onitor	con@nuously	on	a	‘low

’	
acuity	w

ard?	

• Clinical	Acceptability	
– Ergonom

ics	
• U

nencum
bering		

– N
ursing	w

orkflow
	

• Ini@a@on	m
onitoring	

• Char@ng	
• Ac@onable	interven@ons	

– Alarm
	Fa@gue	

• Alarm
	threshold	sen

ngs	
• N

o@fica@on	



N
on	invasive	m

onitoring	
Technologies	

• 
Photoplethysm

ography	(PPG)	
• 

Im
pedance	plethysm

ography	
• 

IR	detectors	(capnography)	
• 

N
asal	pressure	transducers	

• 
Therm

istors	
• 

Bioacous@cs	
• 

Piezoelectric	
• 

Severinghaus	electrode	
• 

Laser	
• 

Processed	EEG	
	

Vital	Signs	

• 
O
xygena@on:	SpO

2,	 RR	
• 

Chest	excursion		
• 

Ven@la@on:	P
ET 	CO

2 ,	P
tc CO

2, 	
V
T ,	V

E 	,	RR	
• 

Blood	pressure:	SBP,	DBP,	
M
BP	

• 
Tem

perature	
• 

Level	of	consciousness	

	



Photoplethsym
ography	(SpO

2 ,	RR,	HR)	

	A	plethysm
ograph	is	an	instrum

ent	that	m
easures	and	plots	

changes	in	volum
e	w

ithin	a	structure	i.e.,	vessel,	lim
b,	organ.	



…
intrathoracic P

Δ  à
 hem

odynam
ic Δ à

 volum
e Δ
…

.  

∆	Venous	Return	

∆	Stroke	Volum
e	

∆	Heart	Rate	

Courtesy	of		Covidien	

O
lsen	CO

,	etal.	Dim
inished	stroke	volum

e	during	inspira@on:	a	reverse	thoracic	pum
p.	Circula@on	72,	N

o.	3,	668-679,	1985.	



Distribu+on	of	Differences	Betw
een	RR

etCO
2 	and	Rroxi	

• 
Range	of	respira@on	rates	observed	w

as	4.7	to	32.0	breaths	per	m
inute.		

Addison	PS,	W
atson	JN

,	M
estek	M

L,	O
chs	JP,	U

ribe	AA,	Bergese	SD.		J	Clin	M
onit	Com

put.	M
ay	6,	2014.	 *Provided	by	Covidien	



		

Xhale	Assurance:	w
ith	perm

ission	



	

Single	Point	of	Contact	(SPO
C)	

M
onitoring		-	m

ul@ple	sensors	
			

• 
Photoplethysm

ography	(PPG)	
• 

Pulse	oxim
etry	

• 
Heart	rate	

• 
O
xygen	satura@on	

• 
Respiratory	effort	

• 
Therm

istor/N
AP/N

AF	–	
airflow

	–	RR,	apnea	

Xhale	Assurance:	w
ith	perm

ission	



20	

	30	subjects	–	spontaneous	breathing	

N
asal	Ala	PPG	

								Finger	PPG	



Airflow
	m

onitors		(RR	and	Vt)
		

• ETCO
2	(Capnography)	

• Hum
idity		

• Tem
perature	(therm

istors)	
• Pressure	transduced	airflow

	–	(PTAF)	
	



Capnography	(RR,	ET
CO

2,	 payerns)	

Covidien	M
edtronic:	w

ith	perm
ission	



Integrated	Pulm
onary	Index™

	(IPI)	

M
erges	4	param

eters-	etCO
2 ,	RR,	HR,	SpO

2 	
into	one	‘respiratory	status’	index	

*Provided	by	Covidien	



Integrated	Pulm
onary	Index	Value:		

10	is	good,	1	is	not	
		



The	value	of	Integrated	Pulm
onary	Index	(IPI)	m

onitoring	during	
endoscopies	in	children		

	Garah,	Jam
al,	et	al.		

	Journal	of	clinical	m
onitoring	and	com

pu?ng	29.6	(2015):	773-778.                       

• IPI	alerted	all	apnea	episodes	(58	events,	IPI	=	1)	
and	hypoxia	(26	events,	IPI	≤	3)	episodes		

• Pulse	oxim
etry	captured	only	the	hypoxia	

episodes	(IPI	sensi@vity	=	1,	specificity	0.98,	
posi@ve	predic@ve	value	0.95).		

 

			 

  

							

		



Bioacous@cs:		
RR	

		M
asim

o:	w
ith	perm

ission	



Assessm
ent	of	con@nuous	acous@c	respiratory	rate	m

onitoring	as	
an	addi@on	to	a	pulse	oxim

etry-based	pa@ent	surveillance	system
	

M
cGrath,	Susan	P.,	Joshua	Pyke,	and	Andreas	H.	Taenzer.		

	Journal	of	clinical	m
onitoring	and	com

pu?ng	(2016):	1-9.                       

• The	vast	m
ajority	(82	%

)	of	low
	oxygen	satura@on	

states	coincided	w
ith	norm

al	respira@on	rates	of	
12–20	breaths/m

in.		
• …

.adding	con@nuous	respiratory	rate	m
onitoring	

to	a	pulse	oxim
etry-based	surveillance	system

	
m
ay	not	significantly	im

prove	pa@ent	
deteriora@on	detec@on.		

 

			 

  

							

©
	2015	Dartm

outh-Hitchcock	
W
ith	perm

ission		



Postopera@ve	Hypoxem
ia	Is	Com

m
on	and	Persistent:	

A	Prospec@ve	Blinded	O
bserva@onal	Study		

Zhuo	Sun,	M
D,*	Daniel	I.	Sessler,	M

D,*†	Jarrod	E.	Dalton,	PhD,	et.al.		
Anesth	Analg	2015;121:709–15		

	

Ø
 37%

	of	pa@ents	had	an	SpO
2	<90%

	for	an	hour	or	
m
ore.	

Ø
 The	nurses	w

ere	unaw
are	of		90%

	of	hypoxem
ic	

episodes	(SpO
2	<90%

	for	at	least	one	hour).		



Im
pedance	plethysm

ography:	RR	&
	Vt	

Respiratory	M
o@on;	w

ith	perm
ission	



		
The	evalua@on	of	a	non-invasive	respiratory	volum

e	m
onitor	in	

surgical	pa@ents	undergoing	elec@ve	surgery	w
ith	general	

anesthesia.		
Christopher	J.	Voscopoulos	•	C.	M

arshall	M
acN

abb	•	Jordan	Brayanov	•	Lizeng	Q
in	•	Jenny	Freem

an	
•	Gary	John	M

ullen	•	Diane	Ladd	•	Edw
ard	George		

Journal	of	clinical	m
onitoring	and	com

pu?ng.	April	2015,	Volum
e	29,		

	



		

			

• 
Heart	rate	&

	variability	
• 

O
xygen	satura+on	

• 
Respiratory	rate	&

	depth	

M
ultiSense

TM
 

Rhythm
	Diagnos@c	System

s;	w
ith	perm

ission	



Rhythm
	Diagnos@c	System

s;	w
ith	perm

ission	



Rhythm
	Diagnos@c	System

s;	w
ith	perm

ission	



Rhythm
	Diagnos@c	System

s;	w
ith	perm

ission	



Piezoelectric	sensor:	RR,	HR	

Early	Sense
TM:	w

ith	perm
ission	



		

		

Sotera:	w
ith	perm

ission	

Im
pedance	Pleth,	PPG:	Con@nuous	RR,	SpO

2,	HR	and	N
IBP	



		



		

Sensogram
	Tech:	w

ith	perm
ission	

N
ot	a	m

edical	
device!	



Sensogram
	Tech:	w

ith	perm
ission	



Sensogram
	Tech:	w

ith	perm
ission	



Elfi-Tech;	w
ith	perm

ission	



Barriers	to	adop@on	of	con@nuous	
vital	sign	m

onitoring	
• “Lacking	evidence	of	im

proved	
outcom

es”	
• “Disrup@ve	to	nursing	w

orkflow
”		

• “Too	m
any	false	alarm

s”	
• “Too	expensive”	



Im
pact	of	Pulse	O

xim
etry	Surveillance	on	Rescue	Events	and	Intensive	

Care	U
nit	Transfers.	A	Before-and-Aker	Concurrence	Study 

Taenzer	AH,	Pyke	JB,	M
cGrath	SP,	Blike	GT.		

Anesthesiology	2010,	112:	282-7                       

M
ethods:		Before/aker	im

plem
enta@on	in	a	36-bed	orthopedic	unit.	

Results:	
• 

50%
	reduc@on	in	transfers	to	higher	levels	of	care	

• 
60%

	reduc@on	in	rescue	events	
• 

0	Dead	in	Beds	
Alarm

s:	
• 

alarm
	rates	2-4		per	pa@ent	per	12	hour	shik.		

• 85%
	of	all	alarm

	condi@ons	are	resolved	w
/i	30	sec	

Financial:	
• 

$85	per	pa@ent	deploym
ent	year;	$22	per	pa@ent	

 

			 

  

							

©
	2015	Dartm

outh-Hitchcock	
W
ith	perm

ission		



• A	total	of	1,500	pa@ents	w
ere	m

onitored	for	
60,000	hours		

• At	least	19	events	that	w
ould	have	likely	

resulted	in	failure	to	rescue:	PE’s,	sepsis,	M
I’s	

W
ake	Forest	Bap@st	M

edical	Center:	Presented	at	AAM
I	

		



W
ake	Forest	Bap@st	M

edical	Center:	Presented	at	AAM
I	



		
Con@nuous	M

onitoring	in	an	Inpa@ent	M
edical-Surgical	U

nit:	
A	Controlled	Clinical	Trial		
Harvey	Brow

n,	M
D	Jam

ie	Terrence,	RN
,a	Patricia	Vasquez,	RN

,	BSN
,	

David	W
.	Bates,	M

D,	M
Sc,	Eyal	Zim

lichm
an,	M

D,	M
S	

The	Am
erican	Journal	of	M

edicine	(2014)	127,	226-232		

• 
Rate	of	code	blue	events	decreased	from

	6.3	to	0.9	and	
2.1,	respec@vely,	per	1000	pa@ents	(P=.02)		

• 
Average	length	of	stay	(LO

S)	decreased	from
	4.0	to	3.6	

days;	P	<.05).		

	



Alarm
	fa@gue	

12	
A
verage	num

ber	of	alerts	per	12	hours	shifts		(for	all	
nurses)	

2	
A
verage	num

ber	of	alerts	per	12	hours	shift	per	nurse	
(assum

ing	6	nurses	on	shift)	

0.60	
Estim

ated	false	alerts	per	nurse	per	shift	



“…
selec@ng	the	right	

hospital	can	reduce	your	
risk	of	avoidable	death	
by	50%

”	



Thank	you!	


