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1.  To	
  review	
  the	
  published	
  evidence	
  suppor4ng	
  (or	
  refu4ng)	
  the	
  
de-­‐escala4on	
  of	
  VRE	
  control	
  programs	
  	
  

2.  To	
  appreciate	
  the	
  aRributable	
  impact	
  of	
  VRE	
  on	
  
hospitaliza4on	
  costs	
  	
  

3.  To	
  appreciate	
  the	
  aRributable	
  impact	
  of	
  VRE	
  on	
  length	
  of	
  stay	
  

ObjecGves	
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•  Enterococci	
  cause	
  a	
  range	
  of	
  illnesses,	
  including:	
  
–  bloodstream	
  infec4ons	
  

–  urinary	
  tract	
  infec4ons	
  	
  

–  other	
  infec4ons	
  

•  Infec4ons	
  due	
  to	
  Vancomycin	
  Resistant	
  Enterococci	
  (VRE)	
  

are	
  usually	
  healthcare-­‐associated	
  

•  VRE	
  outbreaks	
  in	
  hospitals	
  have	
  been	
  reported	
  
•  Treatment	
  op4ons	
  are	
  limited	
  

•  Enterococcus	
  faecium	
  >	
  Enterococcus	
  faecalis	
  

Background	
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•  In	
  2013,	
  US	
  Centers	
  for	
  Disease	
  Control	
  and	
  Preven4on	
  
(CDC)	
  released	
  a	
  report	
  en4tled:	
  

“An3bio3c	
  Resistance	
  Threats	
  in	
  the	
  United	
  States”	
  

•  Raise	
  awareness	
  regarding	
  the	
  threat	
  of	
  an4bio4c	
  
resistance	
  

•  Immediate	
  ac4on	
  to	
  address	
  this	
  threat	
  

•  For	
  the	
  first	
  4me,	
  CDC	
  priori4zed	
  an4bio4c	
  resistant	
  

bacteria	
  into	
  3	
  categories	
  

Background	
  (2)	
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•  In	
  Canada,	
  there	
  is	
  considerable	
  controversy	
  over	
  the	
  
value	
  of	
  VRE	
  control	
  programs	
  in	
  hospitals	
  

•  Some	
  hospitals	
  in	
  Bri4sh	
  Columbia,	
  Ontario	
  and	
  other	
  

provinces	
  have	
  abandoned	
  VRE	
  preven4on	
  and	
  control	
  

programs	
  

–  VRE	
  are	
  not	
  very	
  virulent	
  

–  New	
  an4bio4cs	
  exist	
  to	
  treat	
  VRE	
  infec4ons	
  
–  Serious	
  VRE	
  infec4ons	
  are	
  uncommon	
  (mostly	
  coloniza4on)	
  

–  VRE	
  control	
  programs	
  are	
  very	
  expensive	
  

Background	
  (3)	
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•  Canadian	
  data	
  on	
  the	
  effec3veness	
  of	
  hospital-­‐based	
  VRE	
  
control	
  programs	
  are	
  somewhat	
  lacking	
  

•  Some	
  hospitals	
  in	
  which	
  VRE	
  control	
  programs	
  had	
  been	
  

discon4nued	
  did	
  not	
  perform	
  (or	
  publish)	
  cost-­‐

effec4veness	
  studies	
  prior	
  to	
  discon4nua4on	
  

Background	
  (4)	
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•  Canadian	
  data	
  on	
  the	
  effec3veness	
  of	
  hospital-­‐based	
  VRE	
  
control	
  programs	
  are	
  somewhat	
  lacking	
  

•  Some	
  hospitals	
  in	
  which	
  VRE	
  control	
  programs	
  had	
  been	
  

discon4nued	
  did	
  not	
  perform	
  (or	
  publish)	
  cost-­‐

effec4veness	
  studies	
  prior	
  to	
  discon4nua4on	
  

•  What	
  is	
  the	
  rela4ve	
  value	
  of	
  a	
  VRE	
  control	
  program?	
  

Background	
  (4)	
  

14	
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•  Limited	
  number	
  of	
  reports	
  from	
  US	
  hospitals	
  describing	
  

aRributable	
  costs	
  and	
  length	
  of	
  stay	
  (LOS)	
  due	
  to	
  VRE	
  

•  Mostly	
  es4mates	
  and	
  are	
  highly	
  variable	
  

–  Small	
  samples	
  sizes	
  

–  Inherent	
  differences	
  in	
  the	
  seengs	
  

–  Different	
  study	
  design	
  

The	
  Study	
  –	
  IntroducGon	
  

16	
  

•  Limited	
  number	
  of	
  reports	
  from	
  US	
  hospitals	
  describing	
  

aRributable	
  costs	
  and	
  length	
  of	
  stay	
  (LOS)	
  due	
  to	
  VRE	
  

•  Mostly	
  es4mates	
  and	
  are	
  highly	
  variable	
  

–  Small	
  samples	
  sizes	
  

–  Inherent	
  differences	
  in	
  the	
  seengs	
  

–  Different	
  study	
  design	
  

•  Each	
  study	
  reported	
  an	
  increased	
  cost	
  and	
  LOS	
  for	
  
pa4ents	
  with	
  VRE	
  

The	
  Study	
  –	
  IntroducGon	
  

17	
  

Providence	
  Health	
  Care	
  

•  Largest	
  Catholic	
  health	
  care	
  
organiza4on	
  in	
  Canada	
  

•  Six	
  facili4es	
  in	
  Vancouver	
  
–  3	
  hospitals	
  

–  3	
  residen4al	
  care	
  facili4es	
  

–  1	
  hospice	
  

•  ~1500	
  beds	
  
•  St.	
  Paul’s	
  Hospital	
  

–  HIV/AIDS	
  Program	
  

–  Cardiac	
  Program	
  

–  Renal	
  Program	
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•  Fiscal	
  year	
  2008-­‐2009	
  
•  All	
  VRE	
  posi4ve	
  pa4ents	
  (coloniza4on	
  or	
  infec4on)	
  from	
  

IPAC	
  database	
  

–  Incident	
  cases	
  only	
  

•  Cases	
  required	
  laboratory	
  confirma4on,	
  N=217	
  

•  Controls	
  were	
  randomly	
  iden4fied,	
  N=1075	
  

•  Acknowledged	
  by	
  the	
  PHC	
  /	
  University	
  of	
  BC	
  REB	
  as	
  
quality	
  improvement	
  project	
  

The	
  Study	
  –	
  Methods	
  (Data	
  Source)	
  

19	
  

•  Variables	
  chosen	
  for	
  inves4ga4on:	
  
–  Surveillance	
  database	
  

–  Finance	
  database	
  

–  Those	
  variables	
  previously	
  reported	
  in	
  the	
  published	
  literature	
  

•  Pa4ent	
  characteris4cs	
  were	
  stra4fied	
  by	
  the	
  presence	
  or	
  
absence	
  of	
  VRE	
  coloniza4on	
  or	
  infec4on	
  

•  Two	
  outcomes	
  for	
  the	
  analysis:	
  

–  ATTRIBUTABLE	
  COST	
  	
  

–  ATTRIBUTABLE	
  LENGTH	
  OF	
  STAY	
  (LOS)	
  

The	
  Study	
  –	
  Methods	
  (Variables	
  and	
  Outcomes)	
  

20	
  

•  An	
  aRributable	
  cost	
  analysis	
  determines	
  pa4ent	
  costs	
  had	
  the	
  

infec4on	
  (or	
  coloniza4on)	
  never	
  occurred	
  

•  Hospitaliza4on	
  costs	
  aRributable	
  to	
  VRE	
  
•  A>ributable	
  cost	
  is	
  NOT	
  the	
  money	
  spent	
  on	
  controlling	
  VRE	
  

•  Determined	
  by	
  “compara4ve	
  aRribu4on”	
  

•  Construc4on	
  of	
  a	
  sta4s4cal	
  model	
  

•  Rela4onship	
  between	
  cost	
  and	
  infec4on	
  status	
  
•  Simultaneously	
  controlling	
  for	
  other	
  variables	
  affec4ng	
  

pa4ent	
  cost	
  

The	
  Study	
  –	
  Methods	
  (StaGsGcs	
  1)	
  

21	
  

•  Generalized	
  Linear	
  Modeling	
  (GLM)	
  approach	
  was	
  chosen	
  

for	
  both	
  cost	
  and	
  LOS	
  analyses	
  

•  Non-­‐normal	
  distribu4on	
  of	
  data	
  

•  Cost	
  variables	
  were	
  highly	
  skewed	
  	
  
•  GLM	
  showed	
  the	
  best	
  fit	
  for	
  the	
  data	
  

•  GLM	
  is	
  a	
  very	
  flexible	
  and	
  robust	
  sta4s4cal	
  model	
  

The	
  Study	
  –	
  Methods	
  (StaGsGcs	
  2)	
  

22	
  

The	
  Study	
  –	
  Results	
  

→	
  VRE	
  pa4ents	
  had	
  higher	
  mean	
  total	
  cost	
  and	
  LOS	
  

23	
  

The	
  Study	
  –	
  Results	
  

24	
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•  ARributable	
  cost:	
  	
  61.9%	
  greater	
  than	
  the	
  total	
  hospital	
  cost	
  of	
  
a	
  pa4ent	
  without	
  VRE	
  

•  Absolute	
  cost:	
  	
  $17,949	
  CAD	
  greater	
  than	
  the	
  total	
  hospital	
  
cost	
  of	
  a	
  pa4ent	
  without	
  VRE	
  

•  The	
  presence	
  of	
  VRE	
  increases	
  LOS	
  by	
  68.0%	
  in	
  rela4ve	
  terms	
  

•  This	
  translates	
  to	
  an	
  addi4onal	
  13.8	
  addi4onal	
  days	
  of	
  
hospitaliza4on	
  

The	
  Study	
  –	
  Results	
  

25	
  

•  A	
  smaller	
  secondary	
  analysis	
  inves4gated	
  aRributable	
  

costs	
  between	
  VRE	
  coloniza4ons	
  (N=200)	
  and	
  VRE	
  

infec4ons	
  (N=17)	
  

•  There	
  was	
  no	
  sta4s4cally	
  significant	
  difference	
  in	
  the	
  
aRributable	
  cost	
  or	
  VRE	
  between	
  pa4ents	
  who	
  were	
  

infected	
  versus	
  those	
  who	
  were	
  colonized	
  

The	
  Study	
  –	
  Results	
  

26	
  

•  GLM	
  showed	
  that	
  VRE	
  had	
  a	
  posi4ve	
  and	
  highly	
  significant	
  

impact	
  on	
  both	
  cost	
  and	
  LOS	
  

•  These	
  cost	
  es4mates	
  are	
  within	
  the	
  range	
  of	
  aRributable	
  

costs	
  reported	
  in	
  the	
  US	
  literature	
  

	
   →	
  albeit	
  at	
  the	
  lower	
  end	
  of	
  the	
  range	
  

•  VRE	
  sample	
  contained	
  90%	
  coloniza4ons	
  (lower	
  costs)	
  

•  Of	
  those	
  pa4ents	
  infected	
  with	
  VRE,	
  60%	
  had	
  urinary	
  tract	
  
infec4ons	
  (lower	
  costs)	
  

The	
  Study	
  –	
  Discussion	
  

27	
  

•  Secondary	
  analysis	
  was	
  unable	
  to	
  discern	
  a	
  difference	
  in	
  
aRributable	
  cost	
  due	
  to	
  VRE	
  infec4on	
  versus	
  VRE	
  

coloniza4on	
  

•  Could	
  be	
  due	
  to	
  rela4vely	
  small	
  number	
  of	
  infec4ons	
  

•  This	
  suggests	
  that	
  VRE	
  coloniza4ons	
  alone	
  could	
  carry	
  
significant	
  cost	
  and	
  may	
  prolong	
  LOS	
  

•  VRE	
  coloniza4on	
  may	
  not	
  be	
  a	
  totally	
  benign	
  event	
  

The	
  Study	
  –	
  Discussion	
  

28	
  

•  Poten4al	
  bias	
  arising	
  from	
  the	
  rela4onship	
  between	
  VRE	
  

and	
  LOS	
  

→	
  A	
  longer	
  LOS	
  puts	
  pa4ents	
  at	
  higher	
  risk	
  for	
  VRE	
  	
  

→	
  VRE	
  posi4vity	
  increases	
  pa4ents’	
  LOS	
  

“ENDOGENOUS	
  VARIABLE	
  BIAS”	
  

The	
  Study	
  –	
  LimitaGons	
  

29	
  

•  Secondary	
  analysis	
  was	
  conducted	
  on	
  a	
  small	
  sample	
  size	
  

–  Addi4onal	
  analyses	
  with	
  a	
  larger	
  number	
  of	
  VRE	
  infec4ons	
  may	
  

help	
  overcome	
  this	
  limita4on	
  

•  Societal	
  costs	
  were	
  not	
  inves4gated	
  as	
  part	
  of	
  the	
  study	
  
(e.g.,	
  lost	
  produc4vity,	
  excess	
  mortality)	
  

•  These	
  costs	
  may	
  triple	
  aRributable	
  hospital	
  costs	
  

•  The	
  data	
  from	
  our	
  study	
  are	
  conserva4ve	
  es4mates	
  

The	
  Study	
  –	
  LimitaGons	
  

30	
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•  At	
  St.	
  Paul’s	
  Hospital,	
  VRE	
  posi4vity	
  is	
  associated	
  with:	
  	
  
– ARributable	
  cost	
  of	
  approximately	
  $18,000	
  CAD	
  

– ARributable	
  LOS	
  of	
  approximately	
  14	
  days	
  

•  VRE	
  coloniza4ons	
  alone	
  may	
  account	
  for	
  significant	
  cost	
  

and	
  LOS	
  implica4ons	
  

•  These	
  data	
  can	
  be	
  used	
  for	
  future	
  cost-­‐effec4veness	
  
studies	
  and	
  broader	
  rigorous	
  economic	
  evalua4ons	
  of	
  

VRE	
  control	
  programs	
  

•  A	
  cost-­‐effec4veness	
  study	
  at	
  St.	
  Paul’s	
  Hospital	
  is	
  
currently	
  underway	
  

The	
  Study	
  –	
  Conclusions	
  

31	
   32	
  

•  Large,	
  urban	
  ter4ary-­‐care	
  hospital	
  in	
  Montreal	
  

•  Retrospec4ve,	
  observa4onal	
  study	
  performed	
  over	
  13	
  

years	
  

•  Analysis	
  of	
  microbiological	
  data	
  comparing	
  two	
  

interven4on	
  periods:	
  

–  “Pre-­‐relaxa4on	
  period”	
  (2000	
  to	
  May	
  2010)	
  

•  Intensive	
  VRE	
  preven4on	
  and	
  control	
  program	
  

–  “Post-­‐relaxa4on	
  period”	
  (May	
  2010	
  to	
  April	
  2013)	
  

•  Intended	
  to	
  protect	
  high-­‐risk	
  pa4ents	
  from	
  VRE	
  

RelaxaGon	
  of	
  VRE	
  Screening	
  and	
  IsolaGon	
  PrecauGons	
  

33	
  
Popiel	
  KY	
  and	
  M	
  Miller.	
  ICHE	
  2014;35(7):818-­‐825	
  

34	
  

•  Pre-­‐relaxa4on	
  interven4ons	
  included:	
  
–  Dedicated	
  nursing	
  staff	
  for	
  VRE	
  posi4ve	
  pa4ents	
  (star4ng	
  2005/2006)	
  

–  Temporary	
  closure	
  of	
  wards	
  with	
  ongoing	
  VRE	
  transmission	
  (star4ng	
  

2005/2006)	
  

–  PCR	
  tes4ng	
  for	
  rectal	
  screening	
  (star4ng	
  2005/2006)	
  
–  Crea4on	
  of	
  a	
  dedicated	
  VRE	
  cohort	
  unit	
  (2007	
  to	
  May	
  2010)	
  

–  Placement	
  of	
  security	
  guard	
  to	
  enforce	
  hand	
  washing	
  and	
  compliance	
  

with	
  personal	
  protec4ve	
  equipment	
  (2007	
  to	
  May	
  2010)	
  

RelaxaGon	
  of	
  VRE	
  Screening	
  and	
  IsolaGon	
  PrecauGons	
  (2)	
  

35	
  
Popiel	
  KY	
  and	
  M	
  Miller.	
  ICHE	
  2014;35(7):818-­‐825	
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•  Post-­‐relaxa4on	
  period:	
  
–  “Drama4c”	
  rise	
  in	
  VRE	
  coloniza4on	
  observed	
  

–  Concurrent	
  increase	
  in	
  VRE	
  bacteremias	
  and	
  other	
  VRE	
  infec4ons	
  

(definite	
  and	
  possible)	
  

–  Subsequent	
  incidence	
  of	
  VRE	
  bacteremias	
  and	
  definite	
  VRE	
  

infec4ons	
  eventually	
  reached	
  a	
  plateau	
  

–  Possible	
  VRE	
  infec4ons	
  remained	
  elevated	
  

RelaxaGon	
  of	
  VRE	
  Screening	
  and	
  IsolaGon	
  PrecauGons	
  (3)	
  

37	
  

•  Conclusions:	
  
–  “Guarded”	
  support	
  for	
  relaxa4on	
  and	
  de-­‐escala4on	
  of	
  VRE	
  control	
  

programs	
  

–  Focus	
  on	
  preven4ng	
  VRE	
  in	
  pa4ents	
  who	
  are	
  at	
  high	
  risk	
  	
  

•  immunocompromised	
  pa4ents	
  

•  severely	
  ill	
  pa4ents	
  

–  Not	
  complete	
  discon4nua4on	
  of	
  VRE	
  control	
  

–  Re-­‐allocate	
  infec4on	
  control	
  resources	
  to	
  other	
  interven4ons	
  

•  Study	
  is	
  limited	
  by	
  observa4onal	
  design	
  and	
  poten4al	
  

confounders	
  spanning	
  the	
  13	
  year	
  study	
  period	
  

RelaxaGon	
  of	
  VRE	
  Screening	
  and	
  IsolaGon	
  PrecauGons	
  (4)	
  

38	
  

•  Many	
  different	
  infec4ous	
  “threats”	
  or	
  “hazards”	
  

•  Response	
  (interven4ons)	
  should	
  be	
  propor4onate	
  to	
  the	
  
threat	
  

•  Usually	
  not	
  an	
  “all	
  or	
  none”	
  approach	
  
•  Response	
  should	
  be	
  based	
  on:	
  

–  An	
  assessment	
  of	
  risk	
  (including	
  pa4ent	
  popula4on)	
  

–  Local	
  epidemiology	
  	
  

–  Local	
  resources	
  (including	
  financial	
  resources)	
  

•  Responses	
  should	
  be	
  coordinated	
  and	
  not	
  implemented	
  

unilaterally	
  

Propor%onality	
  in	
  InfecGon	
  PrevenGon	
  and	
  Control	
  

39	
  

•  In	
  a	
  hospital	
  with	
  a	
  large	
  number	
  of	
  immunocompromised	
  

and	
  medically	
  complicated	
  pa4ents,	
  VRE	
  posi4vity	
  was	
  

associated	
  with:	
  	
  

– ARributable	
  cost	
  of	
  approximately	
  $18,000	
  CAD	
  

– ARributable	
  LOS	
  of	
  approximately	
  14	
  days	
  

•  Local	
  data	
  should	
  guide	
  the	
  intensity	
  of	
  a	
  VRE	
  preven4on	
  
and	
  control	
  program	
  

•  Response	
  should	
  be	
  propor4onate	
  to	
  the	
  threat	
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September 16   (Free ... WHO Teleclass – Europe)   
 KEY MEASURES FOR THE PREVENTION AND CONTROL OF  
 EBOLA VIRUS DISEASE 
 Dr. Sergey Romualdovich, World Health Organization 

September 16   (Free Teleclass) 
 INFECTION PREVENTION AND CONTROL – THE ARGENTINA  
 EXPERIENCE  
 Carolina Giuffré, Buenos Aires British Hospital, Argentina 

September 18   HEALTH ECONOMIC EVALUATION OF AN INFECTION PREVENTION  
 AND CONTROL PROGRAM  
 Dr. Elizabeth Bryce, Vancouver Hospital 

September 20   (Free Teleclass ... Broadcast Live from IPS Conference)  
 THE TIMES THEY ARE A CHANGING 
 Dr. Evonne Curran, Health Protection Scotland 


