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Monitoring

• Monitoring	is	the	continuous,	or	nearly	continuous,	evaluation	
of	the	physiologic	function	of	a	patient	in	real	time	to	guide	
diagnosis	and	management	decisions	- including	when	to	make	
therapeutic	interventions	and	assessment	of	those	
interventions.

Hess,	Respir Care	1990;35:482



Respiratory	Monitoring

• Gas	exchange
– Pulse	oximetry
– Capnography

• Respiratory	rate
• Tidal	volume
• When	and	who	to	monitor?



Hess,	Respiratory	Care:	Principles	and	Practice



Pulse	Oximetry
• accuracy	(± 4%)
• differences	between		probes	
and	devices

• penumbra	effect
• dyshemoglobinemias
• endogenous	and	exogenous	
dyes	and	pigments

• skin	pigmentation
• perfusion
• anemia
• motion
• high	intensity	ambient	light
• abnormal	pulses

Importance	of	staff	education:	Respond	to	the	patient	rather	
than	the	number.



Hess,	Respiratory	Care:	Principles	and	Practice
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Fu,	Chest	2004;126:1552

PaCO2 60	mm	Hg
SpO2 ≈	90%

PaCO2 100	mm	Hg
SpO2 ≈	98%



Anesth Analg 2014;118:326



Taenzer,	Anesthesiology	2010;112:282

PSS:	patient	surveillance	system	based	on	
pulse	oximetry	with	nursing	notification	of	
violation	of	alarm	limits	via	wireless	pager.

P	=	.01 P	=	.5 P	=	.53



Oxygen	Desaturation	Index

• ODI	=	hourly	average	number	of	
desaturation	episodes,	defined	as	
at	least	4%	decrease	in	saturation	
from	the	average	saturation	in	the	
preceding	120	s,	and	lasting	10	s.

ODI tended to overestimate AHI

“ODI	>10	demonstrated	a	high	sensitivity	(93%)	and	
reasonable	specificity	(75%)	to	detect	moderate	and	
severe	SDB.”	Chung,	Anesth Analg 2012;114:993



False	Alarms

• Prospective,	observational	study	of	the	alarm	and	paging	data	
from	a	convenience	sample	of	adults	who	were	consecutively	
admitted	to	a	32	bed	general	care	unit	following	orthopedic	
surgery	over	a	3	month	period.

• Only	a	third	of	pulse	oximetry	alarm	notifications	were	for	
clinically	relevant	oxygen	desaturation,	but	did	facilitate	timely	
nursing	response	and	intervention	for	most	patients.

Voepel-Lewis,	International	J	of	Nursing	Studies	2013;50:1351



Capnography
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• Adults	who	underwent	ED	propofol sedation	randomized	to	
capnography or	not.

• Every	patient	with	hypoxia	first	exhibited	capnographic	
evidence	of	respiratory	depression.	

• 63%	of	patients	with	capnography-documented	respiratory	
depression	had	a	decrease	in	end-tidal	PCO2 greater	than	10%.	

Deitch,	Ann	Emerg Med	2009;55:258



• 154	children	receiving	procedural	sedation	randomized	to	
whether	staff	could	view	the	capnograph or	were	blinded.	

• 45%	had	at	least	1	episode	of	hypoventilation.	
• There	were	significantly	fewer	interventions	in	the	study	group.	
• Interventions	were	more	likely	to	occur	contemporaneously	
with	hypoventilation	in	the	intervention	group.

• All	episodes	of	hypoventilation	were	caused	by	hypopnea,	with	
end-tidal	PCO2 <	30	mm	Hg.

Am	J	Emerg Med	2015;33:25



Krauss	and	Hess,	Ann	Emerg
Med	2007;50:172

Capnography	for	Sedation	Monitoring



PCA	With	Oximetry	and	Capnography



• Observational	study	of	178	patients.
• SpO2 for	pulse	oximeter	and	respiratory	rate	from	capnograph
(did	not	report	PETCO2)

• 12%	had	episodes	of	SpO2 <	90%,	41%	had	bradypnea with	rate	
<	10/min	for	≥	3	min,	1	required	rescue	with	PPV.

• No	control	group.	
Overdyk,	Anesth Analg 2007;105:412



• Respiratory	rate	is	often	not	recorded.
• An	abnormal	respiratory	rate	is	a	predictor	of	potentially	
serious	clinical	events.

• Clinicians	need	to	be	more	aware	of	the	importance	of	an	
abnormal	respiratory	rate.

• Hospital	systems	that	encourage	appropriate	responses	to	
elevated	respiratory	rate	can	be	rapidly	implemented.

MJA	2008;	188:	657–659



Respiratory	Rate	As	An	Indicator	Of	Serious	Illness

• Respiratory	rate	>27	was	an	important	predictor	of	cardiac	
arrest	in	hospital	wards.	J	Gen	Intern	Med	1993;8:354	

• Respiratory	rate	is	likely	better	than	HR	and	SBP	to		discriminate	
between	stable	patients	and	those	at	risk.	Anaesthesia 2003;58:797-802

• 21%	of	ward	patients	with	a	respiratory	rate	of	25-29	died	in	
the	hospital.	Anaesthesia 2005;60:547

• Half	of	patients	with	a	serious	adverse	event	on	the	general	
wards	had	a	respiratory	rate	>24.	Resuscitation	2007;73:62



Respiratory	Rate

• Tachypnea:	respiratory	distress,	
metabolic	acidosis,	pain,	fever

• Bradypnea:	respiratory	center	
depression	(opioid)	

Hess,	Respiratory	Care:	Principles	and	Practice



Measurement	of	Respiratory	Rate

• Inspection
• Capnography
• Pulse	oximetry
• Impedance
• Belts	and	thermistors
• Optical	technology	
• Acoustic	technology



Hess,	Respiratory	Care:	Principles	and	Practice

Respiratory	Rare



Respiratory	Rate

AL-Khalidi,	Pediatric	Pulmonology	2011;46:523

Optical	Methods:	Camera	used	to	
detect	thoracic	movements	to	
determine	respiratory	rate.	Nakajima,	
Physiol Meas 2001;22:21.

Thermal	Imaging



Pulse	Ox	Pleth for	Respiratory	Rate

Addison,	J	Clin	Monit	Comput	2015;29:113
Nilsson,	Anesth Analg 2013;117:859



Anesth Analg 2013;117:69



• RVM	(ExSpiron,	Respiratory	Motion,	Waltham,	
MA).	

• 1	electrode	pad	comprising	3	electrodes	is	
placed	along	the	sternum	and	the	other	
electrode	pad	comprising	3	electrodes	is	
placed	across	the	right	midaxillary line	at	the	
level	of	the	xiphoid.

• Based	on	impedance	measurement.
• RVM	displays	minute	ventilation,	tidal	volume,	
respiratory	rate,	respiratory	volume	curve,	and	
trends.

Anesth Analg 2013;117:91



Additional	Monitoring

• NIV:	tidal	volume,	respiratory	rate,	ventilating	pressures,	FIO2,	
alarm	output	to	nurse	call

• PAP:	AHI,	hours	of	use,	periodic	breathing,	pressure



Appropriate	monitoring
Identification	of	clinical	
deterioration	and	
timely	intervention

Too	little	monitoring
Missed	events

Too	much	monitoring
Cost:	equipment	and	training
Alarm	fatigue
Over-diagnosis	

BENEFIT HARM



False	Positive	=	Alarms

• Assume	monitor	has	a	true	positive	rate	of	95%	(false	positive	
rate	5%).

• In	the	presence	of	2	monitors,	the	probability	of	both	monitors	
giving	a	true	positive	is	0.952 =	90%.	

• In	the	presence	of	20	monitors, the	true	positive	rate	is	0.9520
=	0.36	=	64%	probability	of	at	least	one	monitor	giving	a	false	
positive	alarm.	

Hess,	Respir Care	1990;35:482



If	they	are	not	properly	managed,	
alarms	can	compromise	patient	safety.



When	to	Monitor:	When	to	Start;	When	to	Stop

• Disease:	COPD,	OSA,	CHF,	etc.

• Procedure:	post	op,	procedural	sedation,	etc.

• Therapy:	O2,	opioid,	CPAP,	NIV



Therapy
(oxygen, opioid, CPAP, NIV)
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Traditional	and	Novel	Ways	to	Monitor	Patients	
in	the	Post-Operative	Period

• Monitoring	is	often	implemented	based	on	face	validity	and	
what	can	be	monitored.

• Decision	to	monitor	should	be	based	on	clinical	indications.
• Clinical	trials	are	necessary	to	determine	the	appropriate	role	
of	monitoring?

• Perhaps	we	are	not	using	the	technology	appropriately?	
– Trends	versus	spot	checks.

• What	is	an	appropriate	sensitivity/specificity?



Availability	
of	

monitors

Utility	
of	

monitors

Which	Comes	First?

Good	technology	exists	…
The	challenge	is	to	use	it	wisely.	



When	technology	becomes	master,	we	get	to	disaster	faster.

Piet	Hein


