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Monitoring	
  

•  Monitoring	
  is	
  the	
  con/nuous,	
  or	
  nearly	
  
con/nuous,	
  evalua/on	
  of	
  the	
  physiologic	
  
func/on	
  of	
  a	
  pa/ent	
  in	
  real	
  /me	
  to	
  guide	
  
diagnosis	
  and	
  management	
  decisions	
  -­‐	
  
including	
  when	
  to	
  make	
  therapeu/c	
  
interven/ons	
  and	
  assessment	
  of	
  those	
  
interven/ons.	
  

Hess,	
  Respir	
  Care	
  1990;35:482	
  



Respiratory	
  Monitoring	
  

•  Gas	
  exchange	
  
– Pulse	
  oximetry	
  

– Capnography	
  
•  Respiratory	
  rate	
  
•  When	
  and	
  who	
  to	
  monitor?	
  



Hess,	
  Respiratory	
  Care:	
  Principles	
  and	
  Prac>ce	
  



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

•  penumbra	
  effect	
  

•  dyshemoglobinemias	
  

•  endogenous	
  and	
  
exogenous	
  dyes	
  and	
  
pigments	
  

•  skin	
  pigmenta/on	
  
•  perfusion 	
   	
   	
  	
  

•  anemia	
  

•  mo/on	
  

•  high	
  intensity	
  
ambient	
  light	
  

•  abnormal	
  pulses	
  

Importance	
  of	
  staff	
  educa6on	
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Fu,	
  Chest	
  2004;126:1552	
  



Anesthesiology	
  2010;112:282	
  



False	
  Alarms	
  
•  Prospec/ve,	
  observa/onal	
  study	
  of	
  the	
  alarm	
  
and	
  paging	
  data	
  from	
  a	
  convenience	
  sample	
  of	
  
adults	
  who	
  were	
  consecu/vely	
  admiBed	
  to	
  a	
  32	
  
bed	
  general	
  care	
  unit	
  following	
  orthopedic	
  
surgery	
  over	
  a	
  3	
  month	
  period.	
  

•  Only	
  a	
  third	
  of	
  pulse	
  oximetry	
  alarm	
  
no6fica6ons	
  were	
  for	
  clinically	
  relevant	
  
oxygen	
  desatura6on,	
  but	
  did	
  facilitate	
  /mely	
  
nursing	
  response	
  and	
  interven/on	
  for	
  most	
  
pa/ents.	
  

Voepel-­‐Lewis,	
  Interna>onal	
  J	
  of	
  Nursing	
  Studies	
  2013;50:1351	
  



Gross,	
  Biomedical	
  Instrumenta>on	
  and	
  Technology	
  Supplement	
  29–36.	
  

Of	
  monitoring-­‐triggered	
  interrup/ons	
  to	
  care,	
  only	
  20%	
  were	
  true	
  and	
  clinically	
  meaningful.	
  	
  



Capnography	
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Capnography	
  for	
  Seda/on	
  Monitoring	
  



•  Adults	
  who	
  underwent	
  ED	
  propofol	
  seda/on	
  
randomized	
  to	
  capnography	
  or	
  not.	
  

•  Every	
  pa/ent	
  with	
  hypoxia	
  first	
  exhibited	
  
capnographic	
  evidence	
  of	
  respiratory	
  depression.	
  	
  

•  63%	
  of	
  pa/ents	
  with	
  capnography-­‐documented	
  
respiratory	
  depression	
  had	
  a	
  decrease	
  in	
  end-­‐
/dal	
  PCO2	
  greater	
  than	
  10%.	
  	
  

Deitch, Ann Emerg Med 2009;55:258 



•  154	
  children	
  receiving	
  procedural	
  seda/on	
  were	
  
randomized	
  to	
  whether	
  staff	
  could	
  view	
  the	
  
capnograph	
  monitor	
  or	
  were	
  blinded	
  to	
  it	
  (controls).	
  	
  

•  45%	
  had	
  at	
  least	
  1	
  episode	
  of	
  hypoven/la/on.	
  	
  
•  There	
  were	
  significantly	
  fewer	
  interven/ons	
  
(s/mula/on,	
  BVM,	
  jaw	
  thrust,	
  etc)	
  in	
  the	
  study	
  group	
  
(OR	
  0.25).	
  	
  

•  Interven/ons	
  were	
  more	
  likely	
  to	
  occur	
  
contemporaneously	
  with	
  hypoven/la/on	
  in	
  the	
  
interven/on	
  group.	
  

•  All	
  episodes	
  of	
  hypoven/la/on	
  were	
  caused	
  by	
  
hypopnea,	
  with	
  end-­‐/dal	
  PCO2	
  <	
  30	
  mm	
  Hg.	
  

Am	
  J	
  Emerg	
  Med	
  2015;33:25	
  



PCA	
  With	
  Oximetry	
  and	
  
Capnography	
  



•  Respiratory	
  rate	
  is	
  oaen	
  not	
  recorded.	
  
•  An	
  abnormal	
  respiratory	
  rate	
  is	
  a	
  predictor	
  of	
  
poten/ally	
  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	
  beBer	
  than	
  HR	
  and	
  SBP	
  
to	
  	
  discriminate	
  between	
  stable	
  pa/ents	
  and	
  
those	
  at	
  risk.	
  Anaesthesia	
  2003;58:797-­‐802	
  

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

•  Half	
  of	
  pa/ents	
  with	
  a	
  serious	
  adverse	
  event	
  on	
  
the	
  general	
  wards	
  had	
  a	
  respiratory	
  rate	
  >24.	
  
Resuscita/on	
  2007;73:62	
  





Respiratory	
  Rate	
  

•  Tachypnea:	
  respiratory	
  distress,	
  metabolic	
  
acidosis,	
  pain,	
  increased	
  metabolic	
  rate	
  (fever)	
  

•  Bradypnea:	
  respiratory	
  center	
  depression	
  
(opiod)	
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Measurement	
  of	
  Respiratory	
  Rate	
  

•  Inspec/on	
  
•  Capnography	
  
•  Pulse	
  oximetry	
  

•  Impedance	
  

•  Belts	
  and	
  thermistors	
  

•  Op/cal	
  technology	
  	
  
•  Acous/c	
  technology	
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Op/cal	
  Methods	
  

•  Camera	
  used	
  to	
  detect	
  thoracic	
  movements	
  to	
  
determine	
  respira/on	
  rate.	
  

Nakajima,	
  Physiol	
  Meas	
  2001;22:21	
  



Thermal	
  Imaging	
  

AL-­‐Khalidi,	
  Pediatric	
  Pulmonology	
  2011;46:523	
  



Facial	
  color	
  change	
  for	
  heart	
  rate	
  

Op/cal	
  imaging	
  for	
  respiratory	
  rate	
  



Pulse	
  Ox	
  Pleth	
  Waveform:	
  Pulsus	
  

Hartert,	
  Chest	
  1999;115:475	
  



Pulse	
  Ox	
  Pleth	
  Waveform:	
  	
  
Fluid	
  Responsiveness	
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Pulse	
  Ox	
  Pleth	
  for	
  Respiratory	
  Rate	
  

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



Addison,	
  J	
  Clin	
  Monit	
  Comput	
  2015;29:113	
  



Anesth	
  Analg	
  2013;117:69	
  



•  33	
  PACU	
  pa/ents	
  exhibi/ng	
  a	
  wide	
  range	
  of	
  ven/la/on	
  rates.	
  	
  
•  The	
  reliability	
  of	
  both	
  devices	
  was	
  high.	
  	
  
•  The	
  acous/c	
  monitor	
  was	
  about	
  3%	
  more	
  precise	
  than	
  capnography.	
  
•  Did	
  not	
  address	
  whether	
  the	
  beBer	
  accuracy/precision	
  of	
  RAM	
  was	
  clinically	
  important.	
  

Anesth	
  Analg	
  2013;117:69	
  



•  RVM	
  (ExSpiron,	
  Respiratory	
  
Mo/on,	
  Inc.,	
  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	
  
ven/la/on,	
  /dal	
  volume,	
  
respiratory	
  rate,	
  respiratory	
  
volume	
  curve,	
  and	
  trends.	
  

Anesth	
  Analg	
  2013;117:91	
  



Standardized	
  Hourly	
  Rounding	
  

•  6	
  month	
  study	
  in	
  2	
  32-­‐bed	
  cardiovascular	
  
surgery	
  units;	
  1	
  received	
  the	
  interven/on.	
  

•  Significant	
  reduc/ons	
  in	
  call	
  light	
  use	
  and	
  the	
  
number	
  of	
  steps	
  taken	
  by	
  the	
  day-­‐shia	
  staff	
  on	
  
the	
  interven/on	
  unit.	
  	
  

•  Differences	
  in	
  the	
  number	
  of	
  pa/ent	
  falls,	
  30-­‐
day	
  readmission	
  rates,	
  and	
  pa/ents’	
  
percep/on	
  of	
  care	
  were	
  not	
  significant.	
  

Krepper,	
  J	
  for	
  Healthcare	
  Quality	
  2012:62	
  



Addi/onal	
  Monitoring	
  

•  NIV:	
  /dal	
  volume,	
  respiratory	
  rate,	
  ven/la/ng	
  
pressures,	
  FIO2,	
  alarm	
  output	
  to	
  nurse	
  call	
  

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



Appropriate	
  monitoring	
  
Iden/fica/on	
  of	
  clinical	
  
deteriora/on	
  and	
  
/mely	
  interven/on	
  

Too	
  liBle	
  monitoring	
  
Missed	
  events	
  

Too	
  much	
  monitoring	
  
Cost:	
  equipment	
  and	
  training	
  
Alarm	
  fa/gue	
  
Over-­‐diagnosis	
  	
  

BENEFIT	
   HARM	
  



False	
  Posi/ve	
  =	
  Alarms	
  

•  Assume	
  monitor	
  has	
  a	
  true	
  posi/ve	
  rate	
  of	
  
95%	
  (false	
  posi/ve	
  rate	
  5%).	
  

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

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

Hess,	
  Respir	
  Care	
  1990;35:482	
  



If	
  they	
  are	
  not	
  properly	
  managed,	
  
alarms	
  can	
  compromise	
  pa/ent	
  safety.	
  



When	
  to	
  Monitor	
  (Technology)	
  
When	
  to	
  Start;	
  When	
  to	
  Stop	
  

•  Disease:	
  COPD,	
  OSA,	
  CHF,	
  etc.	
  

•  Procedure:	
  post	
  op,	
  procedural	
  seda/on,	
  etc.	
  

•  Therapy:	
  O2,	
  opiod,	
  CPAP,	
  NIV	
  

Is	
  there	
  a	
  biomarker?	
  	
  



Therapy 
(oxygen, opiod, CPAP, NIV) 
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Current	
  And	
  Future	
  Objec/ve	
  
Monitors	
  Outside	
  The	
  ICU	
  	
  

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

•  The	
  decision	
  to	
  monitor	
  should	
  be	
  based	
  on	
  
clinical	
  indica/ons.	
  

•  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	
  sensi/vity/specificity?	
  



Availability	
  
of	
  

monitors	
  

U/lity	
  	
  
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	
  



How	
  do	
  we	
  capture	
  the	
  “eyeball	
  test”	
  into	
  technology?	
  

The	
  role	
  of	
  the	
  “human	
  touch”	
  in	
  use	
  of	
  technology	
  


