
Acknowledgements	  

Future	  Work	  

•  Dr.	  Fred	  Robertson	  	  
•  Dr.	  Kris	  Saha	  
•  UWSMPH	  Department	  of	  Anesthesiology	  	  

MINDFUL	  HEALTH	  
Simplifying	  outpaCent	  management	  with	  wireless	  pulse	  oximetry,	  

fluid	  web	  tools,	  and	  big	  data	  health	  insights	  
Olivia	  Rice,	  Christopher	  Fernandez	  ,Geoff	  Cohen	  ,Brandon	  Jonen,	  Jared	  Buckner,	  &	  Nick	  GlaQard	  	  

Advisors:	  Dr.	  Fred	  Robertson	  &	  Dr.	  Kris	  Saha	  

•  Responsive	  alerts	  and	  noCficaCons	  when	  paCents	  cross	  	  
pre-‐determined	  vital	  thresholds	  

•  AcConable	  vital	  	  and	  trend	  data	  visualizaCons	  and	  analyCcs	  
•  Automated	  paCent	  severity	  categorizaCon	  based	  on	  the	  most	  recent	  

paCent	  vitals	  	  
•  PlaTorm	  agnosCc	  design	  enables	  access	  through	  any	  web	  enabled	  

computer,	  tablet,	  or	  smartphone	  device	  
•  High	  level	  of	  data,	  network,	  and	  system	  security	  	  

•  Miniaturize	  electronics	  to	  hearing	  aid	  form	  factor	  
•  Improve	  web	  applicaCon	  structure	  and	  	  funcConality	  
•  Launch	  pilot	  study	  to	  validate	  value	  proposiCon	  
•  ConCnue	  customer	  development	  and	  user	  tesCng	  
•  Configure	  an	  data	  archival	  system	  using	  Hadoop	  
•  Migrate	  from	  Heroku	  to	  Amazon	  Web	  Services	  for	  HIPAA	  	  

References	  

ScienCfic	  &	  Clinical	  Background	  

Design	  MoCvaCon	  

[1]	  Mohadjer,	  Layla,	  Bridget	  Bell,	  and	  Joseph	  Waksberg.	  "NaConal	  Health	  and	  NutriCon	  ExaminaCon	  Survey	  III:	  AccounCng	  for	  Item	  Nonresponse	  Bias."	  Na8onal	  Center	  for	  Health	  Sta8s8cs.	  (1994):	  10-‐12.	  Web.	  4	  Mar.	  2013.	  
[2].	  A.	  Sommers,	  P.	  J.	  Cunningham,	  Physician	  Visits	  afer	  Hospital	  Discharge:	  ImplicaCons	  for	  Reducing	  Readmissions.	  NaConal	  InsCtute	  for	  Healthcare	  Reform.	  Number	  6,	  Dec.	  2011.	  
[3]	  United	  Kingdom.	  Department	  of	  Health.	  Whole	  System	  Demonstrator	  Programme.	  London:	  2011.	  Web.	  
[4]	  “Scaling	  Mount	  Proteome	  to	  Bring	  Down	  Chronic	  Disease”,	  The	  Pfizer	  Journal,	  Global	  EdiCon	  Volume	  11,	  Number	  2,	  2001,	  4-‐9	  
[5]	  MEMSIC.	  (2012)	  MICAz	  Wireless	  Measurement	  System.	  Retrieved	  from	  hQp://www.memsic.com/products/wireless-‐sensor-‐networks/wireless-‐modules.htm	  
[6]	  Centers	  for	  Disease	  Control	  and	  PrevenCon.	  2012.	  www.cdc.gov/nchs/fastats/heart.htm	  
[7]	  Mohadjer,	  Layla,	  Bridget	  Bell,	  and	  Joseph	  Waksberg.	  "NaConal	  Health	  and	  NutriCon	  ExaminaCon	  Survey	  III:	  AccounCng	  for	  Item	  Nonresponse	  Bias."	  NaConal	  Center	  for	  Health	  StaCsCcs.	  (1994):	  10-‐12.	  Web.	  4	  Mar.	  2013.	  
<hQp://www.nber.org/nhanes/nhanes-‐III/docs/nchs/manuals/nr_bias.pdf>.	  
[8]“Scaling	  Mount	  Proteome	  to	  Bring	  Down	  Chronic	  Disease”,	  The	  Pfizer	  Journal,	  Global	  EdiCon	  Volume	  11,	  Number	  2,	  2001,	  4-‐9	  
[9]M.	  A.	  Hebert,	  B.	  Korabek,	  and	  R.	  E.	  ScoQ,	  Moving	  Research	  into	  PracCce:	  A	  Decision	  Framework	  for	  IntegraCng	  Home	  Telehealth	  into	  Chronic	  Illness	  Care.	  InternaConal	  Journal	  of	  Medical	  InformaCcs	  75(2006)	  786-‐794.	  
[10]P.	  Toledo,	  S.	  Jimenez,	  F.	  Pozo,	  J.	  Roca,	  A.	  Alonso,	  and	  C.	  Hernandez,	  Telemedicine	  Experience	  forChronic	  Care	  in	  COPD,	  IEEE	  TransacCons	  on	  InformaCon	  Technology	  in	  Biomedicine,	  10	  (2006),	  567-‐573.	  
[11]“Whole	  System	  Demonstrator	  Programme”,	  Department	  of	  Health.,	  United	  Kingdom.	  
Ref.	  16972,	  Dec.	  2011.	  

•  Before:	  more	  paCents	  in	  the	  hospital	  meant	  greater	  revenue	  for	  
doctors	  and	  hospitals	  

•  Now:	  incenCve	  to	  keep	  paCents	  out	  of	  the	  hospital	  with	  beQer	  
outpaCent	  care	  

•  Center	  for	  Medicare	  &	  Medicaid	  Services	  
	  	  	  	  	  	  	  will	  not	  pay	  for	  hospital	  readmissions	  within	  	  
	  	  	  	  	  	  30	  days	  of	  departure	  
•  In	  2013	  alone,	  Medicare	  levied	  $227	  million	  in	  fines	  for	  these	  

avoidable	  readmissions	  in	  2,225	  hospitals	  	  across	  the	  country	  

Affordable	  Care	  Act	  (ACA)	  Readmission	  ReducDon	  Program	  

Current	  Processes	  

•  There	  is	  a	  “black	  box”	  when	  the	  paCents	  leave	  the	  hospital.	  
•  Current	  at	  home	  care	  methods	  are	  ineffecCve	  due	  to	  a	  significant	  

issue	  with	  paCent	  compliance	  
•  Readmissions	  could	  be	  avoided	  with	  efficient	  telehealth	  monitoring	  

in	  the	  home	  sesng	  

•  CongesCve	  heart	  failure	  occurs	  when	  
the	  heart	  is	  unable	  to	  pump	  blood	  
efficiently	  throughout	  the	  body	  and	  
thus	  is	  unable	  to	  deliver	  sufficient	  
amounts	  of	  oxygen	  and	  nutrients	  that	  
the	  body	  needs	  

Figure	  A:	  	  	  A	  criCcal	  care	  dashboard	  and	  individual	  	  
paCent	  page	  displaying	  data	  	  

•  Clinical	  grade,	  high	  profusion	  ear	  oximeter	  
•  AutomaCcally	  collects	  and	  transmits	  pulse	  oximetry	  data	  through	  

the	  2G/3G	  cellular	  network	  	  	  
•  Smith’s	  Medical	  FDA	  approved	  OEM	  pulse	  oximetry	  processor	  
•  Integrates	  the	  signal	  and	  	  a	  GSM	  shield	  sends	  the	  collected	  data	  

through	  the	  cellular	  network	  to	  the	  cloud	  
•  Current	  prototype	  is	  the	  size	  of	  a	  pager	  but	  the	  next	  iteraCon	  will	  

be	  miniaturized	  into	  the	  same	  form	  factor	  as	  a	  hearing	  aid	  

pulseMobile	  Device	  &	  Cloud	  ApplicaCon	  

Con8nuous	  outpaCent	  monitoring	  
with	  pulseMobile	  will	  serve	  as	  a	  
responsive,	  data	  driven	  clinical	  

decision	  support	  tool	  for	  care	  team	  
members,	  enabling	  focused,	  strategic	  

preventaCve	  intervenCons	  and	  
reducing	  avoidable	  hospital	  

readmissions	  

CongesDve	  Heart	  Failure	  (CHF)	  

•  One	  of	  the	  largest	  telehealth	  studies	  to	  date	  was	  conducted	  by	  
the	  UK	  department	  of	  health	  over	  two	  years	  with	  more	  than	  6000	  
paCents	  with	  CHF,	  COPD	  and	  diabetes.	  The	  results	  of	  this	  study	  
showed	  a	  substanCal	  reducCon	  in	  a	  variety	  of	  clinical	  admissions,	  
as	  well	  as	  a	  45%	  reducDon	  in	  mortality	  rates	  for	  telehealth	  
equipped	  paCents	  

•  Telehealth	  remote	  monitoring	  has	  yet	  to	  be	  highly	  adopted	  in	  the	  
U.S.	  due	  to	  the	  tedious	  process	  of	  electronic	  health	  record	  (EHR)	  
entry	  that	  accompanies	  current	  remote	  monitoring	  processes	  

Telehealth	  

•  Test	  driven	  development	  of	  cloud	  applicaCon	  using	  Rspec	  and	  
Cucumber:	  Design	  system	  based	  on	  failed	  tests	  first,	  then	  rewrite	  
code	  to	  pass	  them	  !	  ensures	  robust	  tesCng	  suite	  

Cloud	  ApplicaDon	  Design	  Features	  

TesDng	  

Device	  Design	  Features	  

•  Device	  to	  cloud	  applicaCon	  connecCvity:	  100%	  data	  fidelity	  was	  
observed	  in	  a	  near	  real-‐Cme	  update	  trial	  consisCng	  of	  10	  updates,	  1	  
per	  10	  seconds	  	  

•  Power	  consumpCon	  

•  Qualcomm	  
•  Burrill	  Business	  Plan	  CompeCCon	  
•  The	  Open	  Source	  Community	  

Figure	  B:	  	  	  The	  prototype	  pulseMobile	  (lef),	  its	  typical	  use	  case	  
(middle),	  and	  the	  next	  generaCon	  concept	  model	  (right)	  

Figure	  C:	  Mindful	  Health	  seeks	  to	  simplify	  care	  processes,	  integrate	  telehealth	  
into	  standard	  EHRs,	  and	  improve	  paCent	  outcomes.	  	  

•  Around	  670,000	  people	  are	  diagnosed	  each	  year	  
•  6	  million	  people	  are	  affected	  by	  heart	  failure	  in	  the	  U.S.	  
•  Heart	  failure	  is	  the	  leading	  cause	  of	  hospitalizaCons	  in	  people	  older	  

than	  65,	  with	  an	  average	  life	  expectancy	  of	  5	  years	  post-‐diagnosis	  
•  Pulse	  oximetry	  is	  a	  leading	  indicator	  of	  heart	  failure	  decompensaCons	  


