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APPROPRIATE	
  AND	
  
INAPPROPRIATE	
  ANTIBIOTIC	
  USE	
  



An)bio)cs:	
  An	
  Important	
  Resource	
  

•  Likelihood	
  of	
  being	
  prescribed	
  an	
  an)bio)c	
  if	
  you	
  
are: 	
  	
  
– A	
  pa)ent	
  admiRed	
  to	
  a	
  hospital	
  for	
  any	
  reason:	
  1	
  in	
  2	
  
– A	
  yearlong	
  resident	
  in	
  a	
  nursing	
  home:	
  2	
  in	
  3	
  
– A	
  child	
  presen)ng	
  to	
  the	
  pediatrician’s	
  office	
  with	
  an	
  
ear	
  infec)on:	
  3	
  in	
  4	
  

– An	
  adult	
  presen)ng	
  to	
  the	
  primary	
  care	
  physician’s	
  
office	
  with	
  a	
  sinus	
  infec)on:	
  4	
  in	
  5	
  



Appropriate	
  An)bio)c	
  Use	
  

•  An)bio)cs	
  are	
  appropriate	
  when	
  use	
  is:	
  
–  for	
  pa)ents	
  with	
  bacterial	
  infec1ons	
  (as	
  opposed	
  
to	
  viral	
  infec)ons,	
  or	
  in	
  uninfected	
  pa)ents)	
  

– of	
  the	
  correct	
  spectrum	
  of	
  ac1vity	
  for	
  the	
  known	
  
or	
  likely	
  infec)ng	
  pathogens	
  

– at	
  a	
  safe	
  and	
  effec1ve	
  dose	
  for	
  the	
  pa)ent	
  
–  for	
  the	
  correct	
  dura1on	
  for	
  that	
  infec)on	
  



APPROPRIATE	
  OR	
  
INAPPROPRIATE?	
  YOU	
  DECIDE	
  	
  



•  RM	
  is	
  a	
  45	
  year	
  old	
  male	
  
who	
  presents	
  to	
  clinic	
  
with	
  nasal	
  conges)on	
  and	
  
a	
  cough.	
  He	
  denies	
  fever,	
  
shortness	
  of	
  breath,	
  or	
  a	
  
sore	
  throat.	
  	
  He	
  has	
  a	
  big	
  
business	
  mee)ng	
  coming	
  
up	
  and	
  wants	
  some	
  
an)bio)cs	
  so	
  he’ll	
  be	
  in	
  
beRer	
  shape	
  for	
  his	
  
mee)ng.	
  	
  He	
  says	
  if	
  he	
  
doesn’t	
  get	
  an	
  an)bio)c	
  
prescrip)on	
  today	
  he’ll	
  
just	
  use	
  some	
  of	
  his	
  wife’s	
  
old	
  prescrip)on.	
  



•  PQ	
  is	
  a	
  89	
  year	
  old	
  male	
  
nursing	
  home	
  resident	
  
who	
  developed	
  a	
  fever	
  
and	
  a	
  cough.	
  Blood	
  and	
  
urine	
  cultures	
  and	
  a	
  rapid	
  
influenza	
  test	
  were	
  
performed.	
  The	
  influenza	
  
test	
  was	
  posi)ve	
  for	
  
influenza	
  A	
  and	
  PQ	
  was	
  
started	
  on	
  oseltamivir.	
  
Two	
  days	
  later	
  the	
  blood	
  
cultures	
  were	
  nega)ve	
  
but	
  the	
  urine	
  culture	
  
grew	
  Staphylococcus	
  
epidermidis	
  and	
  PQ	
  was	
  
started	
  on	
  vancomycin.	
  



•  JW	
  is	
  a	
  72	
  year	
  old	
  female	
  
who	
  is	
  hospitalized	
  for	
  a	
  
stroke	
  and	
  develops	
  
pneumonia.	
  	
  JW’s	
  team	
  
starts	
  her	
  on	
  vancomycin	
  
and	
  piperacillin/
tazobactam.	
  Two	
  days	
  
later	
  respiratory	
  cultures	
  
grow	
  E.	
  coli	
  suscep)ble	
  to	
  
all	
  typically	
  used	
  
an)bio)cs.	
  The	
  team	
  
keeps	
  JW	
  on	
  the	
  
vancomycin	
  and	
  
piperacillin/tazobactam	
  
because	
  “it’s	
  working.”	
  



FREQUENCY	
  OF	
  INAPPROPRIATE	
  
USE	
  OF	
  ANTIBIOTICS	
  



Frequency	
  of	
  Inappropriate	
  Use	
  of	
  
An)bio)cs	
  

Study	
   Se8ng	
   %	
  of	
  An>bio>c	
  Regimens	
  Mee>ng	
  
Criteria	
  for	
  Appropriate	
  Use	
  

Ingram	
  2012	
   Adult	
  inpa)ents,	
  all	
  
an)bio)cs	
  

	
  
53%	
  
	
  

Bolon	
  2005	
   Pediatric	
  inpa)ents,	
  
broad-­‐spectrum	
  
an)bio)cs	
  

	
  
28%	
  
	
  

Gonzales	
  2001	
   Adult	
  outpa)ents,	
  
respiratory	
  tract	
  
infec)on	
  

	
  
45%	
  
	
  

Watson	
  1999	
   Pediatric	
  
outpa)ents,	
  
bronchi)s	
  

	
  
18%	
  
	
  



CONSEQUENCES	
  OF	
  
INAPPROPRIATE	
  ANTIBIOTIC	
  USE	
  



Consequences	
  of	
  Inappropriate	
  
An)bio)c	
  Use	
  

Adverse	
  Drug	
  
Events	
  

Unnecessary	
  
Healthcare	
  Costs	
  

Selec)on	
  for	
  
An)bio)c	
  Resistance	
  



Adverse	
  Drug	
  Events	
  
•  Allergic	
  Reac)ons	
  

– 1-­‐10%	
  of	
  the	
  popula)on	
  has	
  a	
  penicillin	
  allergy;	
  1%	
  
of	
  these	
  are	
  poten)ally	
  fatal	
  

•  An)bio)c	
  Toxicity	
  
– An)bio)cs	
  are	
  the	
  2nd	
  most	
  frequent	
  category	
  of	
  
drugs	
  causing	
  ED	
  visits	
  due	
  to	
  drug	
  toxicity	
  

•  Clostridium	
  difficile	
  Superinfec)on	
  
– Almost	
  always	
  associated	
  with	
  an)bio)c	
  use,	
  
14,000	
  deaths/year	
  result	
  from	
  C.	
  difficile	
  disease	
  

Robinson	
  JL,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2002;35:26-­‐31	
  
Budnitz	
  DS,	
  et	
  al.	
  JAMA	
  2006;;196:1858-­‐1866	
  
CDC	
  Epidemiologic	
  Surveillance	
  



Unnecessary	
  Healthcare	
  Costs	
  

•  Direct	
  cost	
  of	
  excessive	
  an)bio)c	
  use	
  in	
  
ambulatory	
  care	
  es)mated	
  at	
  ~$1	
  billion	
  

•  Indirect	
  costs	
  of	
  inappropriate	
  an)bio)c	
  use	
  
due	
  to	
  an)bio)c	
  resistance	
  leading	
  to:	
  
– Use	
  of	
  more	
  costly	
  alterna1ve	
  an1bio1cs	
  
– Greater	
  pa)ent	
  severity	
  of	
  illness	
  
– Prolonged	
  hospital	
  length	
  of	
  stay	
  
Es>mated	
  at	
  almost	
  $50	
  billion	
  for	
  2012	
  

Gonzales	
  R,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2001;33:757-­‐762	
  Adjusted	
  for	
  infla)on	
  
Roberts	
  R,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2008;49:1175-­‐1184	
  



Selec)on	
  for	
  An)bio)c-­‐Resistant	
  
Organisms	
  

•  Increased	
  use	
  of	
  
an)bio)cs	
  is	
  
associated	
  with	
  
an	
  increase	
  in	
  
the	
  prevalence	
  
of	
  an1bio1c-­‐
resistant	
  
organisms	
  

Ray	
  GT,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2005;41:441-­‐449	
  	
  



Selec)on	
  for	
  An)bio)c-­‐Resistant	
  
Organisms	
  

•  An)bio)c-­‐resistant	
  
organisms	
  can	
  spread	
  
to	
  pa1ents	
  who	
  have	
  
never	
  received	
  
an1bio1cs,	
  through	
  
transmission	
  by	
  
healthcare	
  personnel	
  or	
  
the	
  environment	
  



Selec)on	
  for	
  An)bio)c-­‐Resistant	
  
Organisms	
  

•  Infec)on	
  with	
  an)bio)c-­‐resistant	
  bacteria	
  is	
  
associated	
  with	
  an	
  increased	
  risk	
  of	
  death,	
  delayed	
  
1me	
  un1l	
  cure,	
  and	
  increased	
  healthcare	
  costs	
  	
  

Sipahi	
  OR.	
  	
  
Exp	
  Rev	
  AnA-­‐infect	
  Ther	
  	
  
2008;6:523-­‐539	
  



REASONS	
  FOR	
  INAPPROPRIATE	
  
ANTIBIOTIC	
  USE	
  



Reasons	
  for	
  Inappropriate	
  An)bio)c	
  
Use	
  

Pa)ent	
  Expecta)ons	
  

Lack	
  of	
  	
  
	
  	
  
	
  
	
  

Knowledge	
  

Inadequate	
  
Diagnos)cs	
  

Risk	
  Avoidance	
  



Pa)ent	
  Expecta)ons	
  

•  Many	
  pa)ents	
  and	
  
parents	
  expect	
  an	
  
an1bio1c	
  prescrip1on	
  
when	
  visi)ng	
  a	
  doctor	
  

•  Pa)ent	
  expecta)ons	
  
have	
  strong	
  influence	
  
on	
  physician	
  prescribing	
  
habits	
   0	
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Likelihood	
  of	
  An>bio>c	
  
Prescrip>on	
  for	
  Viral	
  Infec>on	
  

Mangione-­‐Smith	
  R,	
  et	
  al.	
  Pediatrics	
  1999;103:711-­‐718	
  



Lack	
  of	
  Knowledge	
  

•  Lack	
  of	
  1me	
  and	
  
training	
  on	
  an)bio)c	
  
use	
  in	
  health	
  
professions	
  educa)on	
  

•  Poten)ally	
  biased	
  
adver1sements	
  and	
  
con)nuing	
  educa)on	
  
from	
  manufacturers	
  of	
  
an)bio)cs	
  



Risk	
  Avoidance	
  

•  Factors	
  that	
  most	
  
physicians	
  felt	
  ooen	
  or	
  
always	
  influenced	
  
an)bio)c	
  use	
  were	
  the	
  
risk	
  of	
  missing	
  an	
  
infec1on	
  and	
  whether	
  
a	
  pa)ent	
  is	
  cri)cally	
  ill	
  
or	
  immuno-­‐
compromised	
  (IC).	
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Abbo	
  L,	
  et	
  al.	
  Infect	
  Control	
  Hosp	
  Epidemiol	
  2011;32:714-­‐718	
  



Inadequate	
  Diagnos)cs	
  

•  Standard	
  
microbiology	
  tests	
  
ooen	
  fail	
  to	
  
isolate	
  the	
  
infec1ng	
  
pathogen,	
  leading	
  
to	
  con)nua)on	
  of	
  
broad-­‐spectrum	
  
an)bio)cs	
  

Syndrome	
   %	
  of	
  cases	
  with	
  
defini>ve	
  

microbiologic	
  
diagnosis	
  using	
  

standard	
  methods	
  

Endocardi)s	
   80%	
  

Severe	
  Sepsis	
   70%	
  

Secondary	
  Peritoni)s	
   63%	
  

Ven)lator-­‐associated	
  
pneumonia	
  

22-­‐71%	
  

Community-­‐acquired	
  
pneumonia	
  

27%	
  

Skin/soo	
  )ssue	
  infec)on	
   20-­‐50%	
  

O))s	
  media,	
  sinusi)s	
   Cultures	
  rarely	
  
performed	
  

Medicine	
  2003;82:263-­‐273	
  NEJM	
  2005;353:1332-­‐1341	
  
Ann	
  Surg	
  2003;237:235-­‐245	
  AJRCCM	
  2002;165:867-­‐903	
  
Diagn	
  Micro	
  ID	
  2009;63:52-­‐61	
  Clin	
  Infect	
  Dis	
  2005;41:1373-­‐1406	
  



IMPROVING	
  ANTIBIOTIC	
  USE:	
  
ANTIBIOTIC	
  STEWARDSHIP	
  



Improving	
  An)bio)c	
  Use:	
  	
  
An)bio)c	
  Stewardship	
  

•  An1bio1c	
  stewardship	
  is	
  a	
  term	
  used	
  to	
  describe	
  
efforts	
  to	
  improve	
  an)bio)c	
  use	
  

•  An)bio)c	
  stewardship	
  is	
  a	
  responsibility	
  of:	
  
–  individual	
  clinicians	
  in	
  their	
  pa)ent	
  care	
  ac)vi)es;	
  
–  healthcare	
  organiza1ons	
  in	
  their	
  oversight	
  of	
  an)bio)c	
  
use	
  in	
  their	
  organiza)on;	
  

–  governmental	
  organiza1ons	
  in	
  the	
  laws,	
  policies,	
  and	
  
agendas	
  they	
  pursue;	
  

–  the	
  pharmaceu1cal	
  industry	
  in	
  their	
  development	
  and	
  
marke)ng	
  of	
  new	
  therapies	
  and	
  diagnos)cs	
  



An)bio)c	
  Stewardship	
  Schema	
  

Appropriate	
  An)bio)c	
  Use	
  

Timely	
  and	
  Appropriate	
  
AdministraAon	
  of	
  

AnAbioAcs	
  

Appropriate	
  
AdministraAon	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  

De-­‐escalaAon	
  

Data	
  Monitoring,	
  
Transparency,	
  and	
  

Stewardship	
  Infrastructure	
  

Availability	
  of	
  ExperAse	
  at	
  
the	
  Point	
  of	
  Care	
  	
  

Clinician	
  Roles	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Systems	
  Roles	
  



USING	
  ANTIBIOTICS	
  WISELY:	
  THE	
  
CLINICIAN’S	
  ROLE	
  



Appropriate	
  An)bio)c	
  Use:	
  	
  
Timely	
  and	
  Appropriate	
  IniAaAon	
  of	
  AnAbioAcs	
  

•  Promptly	
  iden1fy	
  pa)ents	
  who	
  require	
  
an)bio)cs	
  

•  Obtain	
  cultures	
  prior	
  to	
  star)ng	
  an)bio)cs	
  
•  Do	
  not	
  give	
  an)bio)cs	
  with	
  overlapping	
  ac1vity	
  
or	
  combina1ons	
  not	
  supported	
  

•  Determine	
  and	
  verify	
  an1bio1c	
  allergies	
  
•  Consider	
  local	
  an1bio1c	
  suscep1bility	
  
•  Start	
  treatment	
  promptly	
  
•  Specify	
  expected	
  dura1on	
  of	
  therapy	
  based	
  on	
  
evidence	
  and	
  guidelines	
  



Star)ng	
  An)bio)cs:	
  	
  
Start	
  it	
  Early	
  And	
  Get	
  it	
  Right	
  

•  For	
  pa)ents	
  with	
  serious	
  infec)ons,	
  each	
  hour	
  of	
  delay	
  
un)l	
  administra)on	
  of	
  appropriate	
  an)bio)cs	
  increases	
  
risk	
  of	
  death	
  

Gaeski,	
  DF	
  et	
  al.	
  
Crit	
  Care	
  Med	
  
2010;38:	
  
1045-­‐1053	
  



Appropriate	
  An)bio)c	
  Use:	
  	
  
Appropriate	
  AdministraAon	
  and	
  De-­‐escalaAon	
  	
  

•  Make	
  an)bio)cs	
  receiving	
  and	
  start	
  dates	
  
available	
  at	
  the	
  point	
  of	
  care	
  

•  Give	
  an)bio)cs	
  at	
  the	
  right	
  dose	
  and	
  interval	
  
•  Stop	
  or	
  de-­‐escalate	
  promptly	
  based	
  on	
  
culture	
  and	
  sensi)vity	
  results	
  

•  Reconcile	
  and	
  adjust	
  an1bio1cs	
  at	
  all	
  
transi1ons	
  and	
  changes	
  in	
  pa)ent	
  condi)on	
  

•  Monitor	
  for	
  toxicity	
  reliably	
  and	
  adjust	
  agent	
  
and	
  dose	
  promptly	
  



48-­‐72	
  Hours:	
  	
  
Take	
  an	
  “An)bio)c	
  Timeout”	
  

Positive	
  culture	
  
results?	
  

Organism	
  likely	
  
true	
  pathogen	
  or	
  

colonizer?	
  

Patient	
  
improving?	
  

Yes	
  

No	
  

Narrow	
  antimicrobial	
  therapy	
  
Based	
  on	
  culture	
  results,	
  prior	
  
probability	
  of	
  organisms,	
  and	
  

patient	
  acuity	
  

Re-­‐evaluate:	
  
Expand,	
  re-­‐culture,	
  

consult	
  ID?	
  

Infection	
  diagnosis	
  
still	
  likely?	
  

Discontinue	
  
antimicrobials 

No	
  Yes	
  

Colonizer	
  

Pathogen	
   Yes	
  

No	
  

Re-­‐evaluate:	
  
Consider	
  discontinuing	
  
antimicrobials	
  +/-­‐	
  
searching	
  for	
  

alternative	
  infection	
  
site 



•  RM	
  is	
  a	
  45	
  year	
  old	
  male	
  
who	
  presents	
  to	
  clinic	
  
with	
  nasal	
  conges)on	
  and	
  
a	
  cough.	
  He	
  denies	
  fever,	
  
shortness	
  of	
  breath,	
  or	
  a	
  
sore	
  throat.	
  	
  He	
  has	
  a	
  big	
  
business	
  mee)ng	
  coming	
  
up	
  and	
  wants	
  some	
  
an)bio)cs	
  so	
  he’ll	
  be	
  in	
  
beRer	
  shape	
  for	
  his	
  
mee)ng.	
  	
  He	
  says	
  if	
  he	
  
doesn’t	
  get	
  an	
  an)bio)c	
  
prescrip)on	
  today	
  he’ll	
  
just	
  use	
  some	
  of	
  his	
  wife’s	
  
old	
  prescrip)on.	
  

Not	
  appropriate	
  
-­‐Bacterial	
  infec)on	
  unlikely	
  
based	
  on	
  signs	
  and	
  
symptoms	
  
-­‐In	
  the	
  event	
  a	
  bacterial	
  
infec)on	
  is	
  present,	
  his	
  
wife’s	
  an)bio)cs	
  are	
  
unlikely	
  to	
  have	
  the	
  correct	
  
coverage	
  
	
  



•  PQ	
  is	
  a	
  89	
  year	
  old	
  male	
  
nursing	
  home	
  resident	
  
who	
  developed	
  a	
  fever	
  
and	
  a	
  cough.	
  Blood	
  and	
  
urine	
  cultures	
  and	
  a	
  rapid	
  
influenza	
  test	
  were	
  
performed.	
  The	
  influenza	
  
test	
  was	
  posi)ve	
  for	
  
influenza	
  A	
  and	
  PQ	
  was	
  
started	
  on	
  oseltamivir.	
  
Two	
  days	
  later	
  the	
  blood	
  
cultures	
  were	
  nega)ve	
  
but	
  the	
  urine	
  culture	
  
grew	
  Staphylococcus	
  
epidermidis	
  and	
  PQ	
  was	
  
started	
  on	
  vancomycin.	
  

Appropriate	
  	
  
-­‐Signs	
  and	
  symptoms	
  
consistent	
  with	
  influenza	
  à	
  
an)viral	
  started	
  
Not	
  Appropriate	
  
-­‐Signs	
  and	
  symptoms	
  not	
  
consistent	
  with	
  urinary	
  
tract	
  infec)on	
  
-­‐Staphylococcus	
  
epidermidis	
  unlikely	
  cause	
  
of	
  urinary	
  tract	
  infec)on	
  
	
  



•  JW	
  is	
  a	
  72	
  year	
  old	
  female	
  
who	
  is	
  hospitalized	
  for	
  a	
  
stroke	
  and	
  develops	
  
pneumonia.	
  	
  JW’s	
  team	
  
starts	
  her	
  on	
  vancomycin	
  
and	
  piperacillin/
tazobactam.	
  Two	
  days	
  
later	
  respiratory	
  cultures	
  
grow	
  E.	
  coli	
  suscep)ble	
  to	
  
all	
  typically	
  used	
  
an)bio)cs.	
  The	
  team	
  
keeps	
  JW	
  on	
  the	
  
vancomycin	
  and	
  
piperacillin/tazobactam	
  
because	
  “it’s	
  working.”	
  

Appropriate	
  	
  
-­‐Prompt	
  broad-­‐spectrum	
  
therapy	
  against	
  likely	
  
hospital-­‐acquired	
  
pneumonia	
  pathogens	
  
Not	
  Appropriate	
  
-­‐Failure	
  to	
  de-­‐escalate	
  to	
  a	
  
narrow-­‐spectrum	
  an)bio)c	
  
when	
  suscep)bility	
  results	
  
available	
  
	
  



USING	
  ANTIBIOTICS	
  WISELY:	
  A	
  
SYSTEMS	
  APPROACH	
  



An)bio)c	
  Stewardship	
  Programs:	
  	
  
The	
  Role	
  of	
  Healthcare	
  Organiza)ons	
  

•  An	
  an1microbial	
  stewardship	
  program	
  
consists	
  of	
  coordinated	
  interven1ons	
  
designed	
  to	
  improve	
  and	
  measure	
  the	
  
appropriate	
  use	
  of	
  an1microbial	
  agents	
  by	
  
promo)ng	
  selec)on	
  of	
  the	
  op)mal	
  an)bio)c	
  
drug	
  regimen	
  including	
  dosing,	
  dura)on	
  of	
  
therapy	
  and	
  route	
  of	
  administra)on	
  
throughout	
  the	
  course	
  of	
  their	
  use.	
  	
  



An)microbial	
  Stewardship	
  Programs:	
  
Team	
  Members	
  	
  

•  Core	
  Members	
  
– Physician	
  
– Pharmacist	
  

•  Suppor)ng	
  Members	
  
– Clinical	
  Microbiologist	
  
–  Infec)on	
  Control	
  Prac))oners	
  
– Hospital	
  Administra)on	
  



An)microbial	
  Stewardship	
  Programs:	
  
Role	
  of	
  the	
  Physician	
  

•  Develop	
  evidence-­‐based	
  
guidelines	
  for	
  
appropriate	
  an)bio)c	
  use	
  

•  Develop	
  an1bio1c	
  
formulary	
  and	
  an)bio)c	
  
use	
  criteria	
  

•  Engage	
  other	
  physicians	
  
in	
  suppor)ng	
  appropriate	
  
an)bio)c	
  use	
  

•  Analyze	
  data	
  on	
  an1bio1c	
  
use	
  and	
  outcomes	
  



An)microbial	
  Stewardship	
  Programs:	
  
Role	
  of	
  the	
  Pharmacist	
  

•  Monitor	
  an1bio1c	
  use	
  to	
  
find	
  opportuni)es	
  for	
  
improvement	
  

•  Enforce	
  the	
  an1bio1c	
  
formulary	
  and	
  an1bio1c	
  
use	
  restric1ons	
  

•  Advise	
  prescribers	
  on	
  
op1mal	
  an1bio1c	
  selec1on	
  
and	
  dosing	
  

•  Assist	
  in	
  guideline	
  
development	
  

•  Collect	
  and	
  analyze	
  data	
  on	
  
an1bio1c	
  use	
  and	
  
outcomes	
  



Antimicrobial Stewardship 
Programs: Strategies 

Educational strategies 
Pa>ent	
  Evalua>on	
  

Choice	
  of	
  an>microbial	
  
to	
  prescribe	
  

Prescrip>on	
  ordering	
  

Dispensing	
  of	
  an>microbial	
  

Restriction strategies 

Audit and feedback strategies 



An)microbial	
  Stewardship	
  Strategies:	
  
Educa)on	
  

•  Enhance	
  the	
  
knowledge	
  and	
  skills	
  
of	
  clinicians	
  in	
  
appropriate	
  an)bio)c	
  
use	
  through:	
  
–  Classroom	
  teaching	
  
–  Grand	
  rounds	
  
–  One-­‐on-­‐one	
  
consulta)on	
  

–  Provision	
  of	
  guidelines	
  
and	
  protocols	
  

Respondents’ perceptions of antimicrobial stewardship edu-
cation are shown in Table 2. Significant differences were found
between the schools. One hundred eighty-eight (63%) students
reported feeling well-prepared to find reliable sources of infor-
mation on treatment of infections, and 183 (61%) on the basic
mechanisms of antimicrobial resistance. Less than one-third
understood the correct spectrum for different antimicrobials
and felt well-prepared to streamline and de-escalate antimicro-
bial therapy.

Two hundred thirteen of 295 (72%) respondents recalled
having attended formal lectures on antibiotic use during
medical school. Those students were more likely to rate the
quality of antibiotic education higher (good/very good) com-
pared to those who did not recall attending lectures. Using a 5-
point scale (1 = very poor to 5 = very good), the mean scores
for respondents who recalled having lectures about the follow-
ing topics (compared to students who did not have or recall
those lectures) were as follows: rational use of antibiotics in
general (3.40 vs 3.1; P < .0001), when to start antibiotics (3.6 vs
3.1; P < .0001), how to select the correct dosing of antibiotics
(3.8 vs 3.2; P < .0001), and/or how to select the right duration
of treatment (3.7 vs 3.2; P < .0001).

Education Resources and Knowledge
Sources of information on antimicrobial use and resistance
used by respondents are summarized in Table 3. The most
commonly used resources were UpToDate (89% A, 89% B, 92%
C; P < .690) and iPhone or smartphone applications (91% A,
67% B, 85% C; P < .0001). Wikipedia was used by 56% of

respondents at institution A, 38% B, and 29% C (P < .0001),
and 53% of respondents at institution A, 38% B, and 43% C
(P < .096) used textbooks or study guidelines. Only 28%, 41%,
and 24% (P < .061) of the respondents at institutions A, B, and
C, respectively, used guidelines by the Infectious Diseases
Society of America (IDSA) for information about antibiotics
compared to 35%, 53%, and 57% at institutions A, B, and C, re-
spectively (P < .002), who used guidelines by other professional
organizations.

Students’mean correct knowledge score was 51% with statis-
tically significant differences between the study sites (55% A,
50% B, 48% C; P = .02). The concepts being assessed and scores
are shown in Table 4. Respondents scored highly on questions
dealing with risks associated with antimicrobial use and diag-
nosis and treatment of community-acquired pneumonia, but
poorly on questions regarding mechanisms of antimicrobial re-
sistance, management of urinary tract infections, spectrum of
activity of commonly used antimicrobials, and recognition of
Clostridium difficile infection. There was a positive association
between the respondents’ knowledge scores and their percep-
tions about the quality of their antimicrobial stewardship–
related education (Spearman correlation coefficient = 0.29,
α < .001). There were no statistically significant associations
between knowledge score and having had an infectious diseases
clinical elective rotation or with previous research experience
or pharmacology education about antimicrobials prior to med-
ical school.

Students’ knowledge scores also varied according to the most
common educational resources reported by students as shown

Table 2. Medical Students’ Perceptions About Antimicrobial Stewardship Education and Preparedness—Percentage Who Feel Their
Medical Education Has Been Good/Very Good

Perceptions

School

P Valuea

All A B C

n = 300 n = 113 n = 64 n = 123

Find reliable sources of information to treat infections 63% 78% 60% 58% .016
Basic mechanisms of antimicrobial resistance 61% 72% 58% 58% .132
Handle patients demanding unnecessary antibioticsb 54% 59% 54% 50% .486
When to start antimicrobial therapy 54% 43% 67% 58% .004
Select the best antimicrobial for a specific infection 39% 56% 36% 32% .004
Spectrum of therapy for different antibiotics 34% 53% 34% 22% <.0001
Interpret antibiogramsc 34% 42% 37% 26% .079
Transition intravenous to oral antibioticsd 32% 30% 44% 29% .089
Streamline antibiotic therapye 31% 41% 28% 27% .121

a χ2test.
b Thirteen missing observations.
c Twenty missing observations.
d One missing observation.
e Seven missing observations.
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Medical	
  Students	
  Who	
  Feel	
  Their	
  Educa>on	
  in	
  	
  
An>bio>c	
  Use	
  Has	
  Been	
  Good/Very	
  Good	
  

Abbo	
  LM,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2013	
  



An)microbial	
  Stewardship	
  Strategies:	
  
Restric)on	
  

•  Limit	
  an1bio1c	
  
formulary	
  to	
  most	
  
effec)ve	
  agents	
  

•  Require	
  prior	
  
consulta1on	
  with	
  an	
  ID	
  
clinician	
  before	
  use	
  of	
  
targeted	
  agents	
   0	
  

20	
  

40	
  

60	
  

80	
  

100	
  

120	
  

Appropriate	
  
An)bio)cs	
  

(%)	
  

Infec)on	
  
Cured	
  (%)	
  

Drug	
  Cost($/
case)	
  

An)bio)c	
  Stewardship	
  Team	
  

Usual	
  Care	
  

Gross	
  R,	
  et	
  al.	
  Clin	
  Infect	
  Dis	
  2001;33:289-­‐295	
  



An)microbial	
  Stewardship	
  Strategies:	
  
Audit	
  and	
  Feedback	
  

•  Monitor	
  usage	
  of	
  
an)bio)cs	
  in	
  a	
  healthcare	
  
system	
  

•  Contact	
  prescribers	
  to	
  
provide	
  
recommenda)ons	
  for	
  
op)mal	
  use	
  including:	
  
–  Appropriate	
  spectrum	
  
–  De-­‐escala)on	
  
–  Dosing	
  
–  Intravenous	
  to	
  oral	
  switch	
  

0%	
  
10%	
  
20%	
  
30%	
  
40%	
  
50%	
  
60%	
  
70%	
  
80%	
  
90%	
  
100%	
  

Appropriate	
  
empiric	
  
therapy	
  

Change	
  to	
  
appropriate	
  
an)bio)c	
  
aoer	
  

cultures	
  

Appropriate	
  
final	
  

an)bio)c	
  
use	
  

An)microbial	
  Stewardship	
  Team	
  

Usual	
  Care	
  

Camins	
  BC,	
  et	
  al.	
  Infect	
  Control	
  Hosp	
  Epidemioll	
  2009;30:931-­‐938	
  



USING	
  ANTIBIOTICS	
  WISELY:	
  THE	
  
BIG	
  PICTURE	
  



An)bio)c	
  Stewardship:	
  	
  
Governmental	
  Agencies	
  

•  Educate	
  public	
  on	
  
an)bio)c	
  resistance	
  and	
  
appropriate	
  an)bio)c	
  use	
  

•  Enact	
  regula1ons	
  
requiring	
  clinicians	
  and	
  
healthcare	
  systems	
  to	
  
improve	
  an)bio)c	
  use	
  

•  Incen1vize	
  
pharmaceu1cal	
  industry	
  
to	
  develop	
  new	
  
an)bio)cs	
  



An)bio)c	
  Stewardship:	
  	
  
Pharmaceu)cal	
  Industry	
  

•  Re-­‐invest	
  in	
  an)bio)c	
  
drug	
  development	
  

•  Promote	
  appropriate	
  
use	
  of	
  an)bio)cs	
  

•  Develop	
  new	
  
diagnos1cs	
  to	
  support	
  
appropriate	
  an)bio)c	
  
use	
  



Where	
  to	
  Learn	
  More	
  	
  
•  Infec)ous	
  Diseases	
  Society	
  of	
  America	
  

hRp://www.idsociety.org/stewardship_policy/	
  
•  Alliance	
  for	
  the	
  Prudent	
  Use	
  of	
  An)bio)cs	
  

hRp://www.tuos.edu/med/apua/	
  
•  Centers	
  for	
  Disease	
  Control	
  and	
  Preven)on	
  

hRp://www.cdc.gov/getsmart/healthcare/inpa)ent-­‐
stewardship.html	
  	
  

•  Wake	
  Forest	
  School	
  of	
  Medicine	
  Stewardship	
  Educa)on	
  	
  
hRp://www.wakehealth.edu/School/CAUSE/Get-­‐Smart-­‐
About-­‐An)bio)cs.htm	
  



Antibiotics should only be taken when prescribed by a doctor

Be sure to take the right dose at the right times

Complete the full course of treatment 

Dispose of any leftover antibiotics appropriately 

KEEP ANTIBIOTICS WORKING FOR THE FUTURE
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