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Introduction

In  1997  it was  published  a  paper  concerning  the  use  of
intravenously  (IV)  cefuroxime  prophylaxis  against  nosoco-
mial  pneumonia  in intubated  patients  with  structural  coma.1

This  randomized  clinical  trial  (RCT)  studied  two  groups  of
patients:  one  of them  were  administered  two  doses  of  IV
cefuroxime  upon  intubation,  and  the other  were  admin-
istered  no  antibiotic  prophylaxis.  A 52%  reduction  was
observed  in ventilator-associated  pneumonia  (VAP) and  56%
if  early-onset  ventilator-associated  pneumonia  (EO-VAP)  is
considered  in the  IV  cefuroxime  prophylaxis  group.  Since
then,  several  research  groups  worldwide  have followed
this  clinical  practice  on  intubated  patients  with  structural
coma  upon  intubation.  Now,  literature  is  reviewed  to check
whether  this  measure  is  still  appropriate  twenty years  later,
and  some  criticism  is  also  made  regarding  the inclusion
of  this  preventive  measure  into  international  recommen-
dations  and  guidelines  for  infection  control  of  intubated
patients  in intensive  care  units  (ICU).2
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The  main findings of  the  pilot study

Coma  patients  ---  mainly  from  traumatic  brain  injury,
when  tracheal  intubation  has been  performed  ---  have  a
high  risk  for  developing  VAP and  specially  EO-VAP  in the
first  five  days,  and  microorganisms  that  could  be  called
‘‘community’’,  such  as  methicillin-sensitive  Staphylococcus

aureus,  Haemophilus  influenzae  and  Streptococcus  pneumo-

niae,  which  are already  colonizing  the upper  airways  at  the
time  of  intubation.  The  initial  hypothesis  in the  pilot  study1

was  that  prophylactic  cefuroxime  in two  IV  doses  during  the
first  24  h  could  be  an effective  preventive  measure  against
VAP.

A RCT  was  designed  to  reduce  VAP incidence  in  intubated
patients  with  head  injury  or  medical  stroke  requiring  over
48  h  of  mechanical  ventilation.  One  hundred  patients  were
included  (they  had  head  injury  or  coma  caused  by  stroke)
and  with  Glasgow  coma  scores  (GCS)  ≤12  points. Patients
eligible  for  the study  (no  =  50)  were  given  two  1.5  g doses
of  IV  cefuroxime  every  12  h  upon  intubation  (cefuroxime
group),  and  50  patients,  who  were  given  no  cefuroxime,
formed  the control  group.  VAP  diagnosis  was  completed  by
protected  bronchoalveolar  mini-lavage  with  microscopic
examination  of intracellular  organisms  and quantitative
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Table  1  Characteristics  of  the  studies  on  antibiotic  prophylaxis  against  VAP  in  coma  patients.

Study
(year)

Patients  N  ABP  vs.

Control
Type  of  study  Type  of  ABP  %  VAP

ABP  vs.  Control
%  EO-VAP
ABP  vs.  Control

Sirvent  et  al.1

(1997)
Intubated
GCS  ≤  12

50  vs.  50  RCT  IV Cefuroxime
1.5  g/12  h;  2
Doses

24  vs.  50
(p  =  0.007)

30  vs.  70
(p =  0.02)

Acquarolo
et al.4 (2005)

Intubated
GCS  ≤  8

19  vs.  19  RCT  IV Ampicillin-
sulbactam
3  g/6  h;  3  Days

NR  21  vs.  58
(p =  0.02)

Vallés et  al.5

(2013)
Intubated
GCS  ≤  8

71  vs.  58  Prospective
No  RCT

IV Ceftriaxone
2  g;  1  Dose

7 vs.  28
(p  =  0.01)

3  vs.  22
(p  =  0.01)

Gagnon et  al.6

(2015)
Cardiac  Arrest
Survivors

416  vs.  824 Retrospective
No  RCT

Different  ABS
and  doses  (not
recorded)

13  vs.  55
(p  =  0.001)

NR

RCT: Randomized Clinical Trial; GCS: Glasgow Coma Score; IV: intravenously; ABP: antibiotic prophylaxis; ABS: antibiotics; VAP: ventilator-
associated pneumonia; EO-VAP: early-onset ventilator-associated pneumonia; NR: not reported.

culture.3 The  global  incidence  of  microbiologically  con-
firmed  VAP  was  37%  (n = 37); 12  (24%)  patients  belonged  to
the  cefuroxime  group,  and  25  (50%)  patients  belonged  to
the  control  group  (p  = 0.007).  EO-VAP  accounted  for 70%  of
all  VAP  episodes  (n  =  26),  eight  belonging  to  the cefuroxime
group,  and  18  belonging  to  the control  group  (p  =  0.02).  Mul-
tivariate  analysis  revealed  that  the  use  of  cefuroxime  had  a
protective  effect  against  VAP development.  No  differences
were  found  with  regard  to  mortality  and  morbidity  when
the  study  population  was  compared  with  the control  group.
The  administration  of two  single  high  doses  of  1.5  g  each  of  IV
cefuroxime  after  the  intubation  of  patients  with  structural
coma  due  to  head injury  or  medical  stroke  was  proven  an
effective  prophylactic  strategy  to reduce  VAP  incidence  This
prevention  was  also  observed  to improve  EO-VAP  incidence.

Publications  on  this  topic  since the initial
study

The reality  is  that  the pilot  study  has been cited  many
times  over  the  later  years,  but  only  two  investigations
tested  a  similar  hypothesis,  but  with  different  protocols.
In  this  line,  Acquarolo  et  al.4 aimed  to  evaluate  whether  a
3-day  ampicillin-sulbactam  prophylaxis  could  reduce  EO-VAP
occurrence  in comatose  (GCS  ≤  8) mechanically-ventilated
patients.  This  was  a single  centre,  prospective,  random-
ized,  open  study  in  a  general  neurological  ICU.  Patients
were  randomized  to  either  IV  ampicillin-sulbactam  prophy-
laxis  (3  g  every  6 h  for  3 days) plus  standard  treatment
or  standard  treatment  alone.  The  1-year  interim  analysis
showed  that  ampicillin-sulbactam  significantly  reduced  EO-
VAP  occurrence,  and  the  study  was  stopped  after  42  patients
had  been  enrolled.  A  total  of  38  patients  were  included  in
the  final  analysis;  15  out  of  these  38  patients  (39.5%)  devel-
oped  EO-VAP:  11  (57.9%)  in the standard  treatment  group
and  4  (21.0%)  in the  ampicillin-sulbactam  group  (p  = 0.022).
In  conclusion,  this prospective,  randomized,  open  study
found  out  that  3-day  ampicillin-sulbactam  prophylaxis
in  critically-ill  mechanically-ventilated  comatose  patients
reduces  EO-VAP  occurrence  by  64%.  This  study  was  published

seven  years  later  and  is  one  whose  hpothesis  is  most  similar
to  the initial  hypothesis,  but  it uses a  broad-spectrum  antibi-
otic,  and for  longer  days.  The  number  of  patients  included
was  less  than  half  of  those  in the initial pilot  study.

A second  study  was  published  sixteen  years  later  by  Vallés
et  al.5 It  was  a  comparative  study  of  two  historical  cohorts:  a
non-prophylaxis  (58  patients)  group  and a prophylaxis  group
(71  patients):  a  single  2  g  dose  of IV  ceftriaxone.  The  inci-
dence  of  microbiologically  probed  EO-VAP  was  2  out of  71
(2.8%)  in  the prophylaxis  group  compared  with  13  out  of  58
(22.4%)  in  the control  group  (p  = 0.001).  These  results  proved
the  effectiveness  of  a single  dose  of  antibiotic  for prophy-
laxis  against  EO-VAP  in this  concrete  group  of  comatose
patients.

Another  study  with  a  similar  hypothesis  performed  in sur-
vivors  of  cardiac  arrest  is  the  work  of  Gagnon  et  al.6 The
Northern  Hypothermia  Network  registry  data  was  used  to
complete  a  retrospective  cohort  study  comparing  patients
treated  with  antibiotic  prophylaxis  (different  antibiotics
and doses)  with  patients  receiving  no  antibiotic  prophy-
laxis.  They  included  cardiac arrest  survivors  with  a  GCS
≤8  upon  hospital  admission  treated  with  hypothermia  at
32---34 ◦C. They  studied  1240  patients.  The  prophylaxis  group
showed  lower  incidence  of  pneumonia  (12.6%  vs.  54.9%,
p  <  0.001)  compared  to  no-prophylaxis  patients.  In  addition,
logistic  regression  proved  that antibiotic  prophylaxis  was
independently-associated  to  a  lower  incidence  of  pneumo-
nia  (OR: 0.09;  95%CI:  0.06---0.14;  p <  0.001),  and  a similar
incidence  of good functional  outcome.  The  limitations  of
this  study  is  that  ---  as  a  retrospective  cohort  study  ---  it
examined  data  from  a multinational,  web-based  registry
of  post-resuscitation  cardiac  arrest  care  to  study  different
types  of  antibiotic  and  doses,  this  essential  topic  not  being
included  in the study.  A summary  of  the  features  of  these
studies  is  shown  in Table  1.

Over  the years,  since  the publication  of  the initial
RCT,  there  have  been  various  international  initiatives  to
implement  this  preventive  strategy  against  VAP.  Different
guidelines  recommend  several  strategies  for  VAP prevention.
The  guidelines  of the American  Thoracic  Society/Infectious
Diseases  Society  of  America  (ATS/IDSA)7 conclude,  from
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level-1  evidence  based  on  a  single,  prospective,  random-
ized,  clinical  trial,1 that  the  prophylactic  administration
of  a  systemic  antibiotic  for  24  h  at the  time  of  emer-
gent  intubation  may  be  useful to  prevent  VAP in patients
with  closed  head injury.  However,  these American  guide-
lines  have  not  yet  recommended  the  prophylactic  use
of  systemic  antibiotics  for  all  intubated  patients,  which
awaits  the  availability  of  further  data.  However,  recent
ATS/IDSA  2016  guidelines8 only discuss  recommendations
on  VAP  diagnosis  and  antibiotic  treatment.  These  current
guidelines  mention  no  prevention  measures  for  nosocomial
pneumonia.

In  2007,  the Brain  Trauma  Foundation  published  the 3rd
edition  of its  Guidelines  for  the  management  of  severe  trau-
matic  brain  injury,9 describing  the results  of  this  initial RCT,
and  suggests  the immediate  application  of  this  pharmacolog-
ical  measure  to  reduce  VAP incidence  in intubated  traumatic
brain  injury  patients.

From  a European  perspective,  guidelines  published  in
200910 present  the  short  course  of IV  antibiotics  as  a  strategy
that  requires  further  study  to  be  systematically  recom-
mended  in  intubated  patients  for  VAP  prevention.

A  very  interesting  initiative  to  reduce  VAP has  recently
been  developed  by  the  Spanish  Societies  of  Intensive  Care
Medicine  and  Intensive  Care  Nursing,  being  defined  as
‘‘Zero-VAP’’,2 which  proposed  the implementation  of  a
simultaneous  multimodal  intervention  in ICU  consisting  of
a  bundle  of  VAP  prevention  measures.  The  ‘‘Zero-VAP’’
Project  incorporates  an integral  patient  safety  programme
and  continuous  online  validation  of  bundle  application.
The  implementation  of  the  guidelines  aims  at reducing
VAP to  less  than  9  episodes  per  1000  days  of  mechani-
cal  ventilation.  A  total  of 35  preventive  measures  were
initially  selected.  A group  of  experts  have generated  a
list  of  7  basic  mandatory  recommendations:  education  and
training  in  airway  management,  strict  hand  hygiene  for  air-
way  management,  cuff  pressure  control,  oral  hygiene  with
chlorhexidine,  semi-recumbent  positioning,  promotion  of
measures  to  safely  avoid  or  reduce  time  on  ventilator,  and
discouragement  of scheduled  changes  of  ventilator  circuits,
humidifiers  and  endotracheal  tubes;  as  well  as  3 additional
highly-recommended  measures:  selective  digestive-tract
decontamination,  aspiration  of subglottic  secretions,  and  a
short  course  of IV  antibiotic.

After  a  review  of  literature  and  the  international  guide-
lines  that  have  been published  since  the  publication  of  the
initial  work,  the question  that we  make is:  where  are we
now?  The  answer  is simple.  Since  the  single  RCT  study  per-
formed  twenty  years  ago,  the  current  clinical  practice  has
changed  and there  is  no uniform  management  of  intubated
patients  with coma.  The  fact  that  the type and  dose  of  IV
antibiotic  was  different  in all the  aforementioned  studies
suggests  that  the  positive  effect  of  IV  antibiotic  prophylaxis
depends  more  on  immediate  administration  upon  intubation
---  to counteract  bacterial  inoculum  in  the upper  airways
---  than  on  antibiotic  type and dose.  This  preventive  mea-
sure  may  now  be  obsolete  due  to  changes  in  the  colonizing
microorganisms  of  the population  or  due  to  a multifacto-
rial  behaviour  in VAP development  in coma  patients.  It  is
surprising  that, throughout  all  these  years,  no research  has
been  focused  on this  hypothesis  and  tested  this or  any  other
antibiotic  using  a large  randomized  clinical  trial.

New strategies  for future  research  in
antibiotic prophylaxis against  VAP

Patients  with  structural  coma,  usually  due  to traumatic  head
injury,  are nearly  always  intubated  in  emergency  conditions
outside  the  hospital,  where  the lack  of  aseptic  conditions
makes  it easier  for  microorganisms  to  enter  the respira-
tory  tract.  In the initial  study,  trachea  colonization  within
24  h  of  intubation  by  ‘‘community  microorganisms’’  was
observed  to  be a  risk  factor  for EO-VAP  development  in
patients  with  head  trauma.  Due  to this fact,  in the  last
years  an increase  in the etiologic  cause  of  EO-VAP  has
been  observed  due  to  enteric  bacteria  from  gastrointesti-
nal  microbiota,  commonly  resistant  to  cefuroxime  or/and
amoxicillin-clavulanic  acid.  Furthermore,  high  oxygen  ten-
sion  in ventilated  patients  is  enough  to  kill  anaerobes
and  --- in  this situation  of  new  microbiology  patterns  of
VAP  --- we and  others  propose  the  use  of  other  antibiotics
rather  than  cefuroxime  for  prophylaxis  and for  treatment
of  aspiration  pneumonia,11 which  is  the  pathogenic  basis
of  EO-VAP  in intubated  patients  with  altered  level  of
consciousness.

Consequently,  we  believe  that  it is  time  to risk  a
change  to  an  antibiotic  prophylaxis  which  is  likely  to  be
more  effective  against  aerobic  gram-positive  and  enteric
gram-negative  bacilli,  as  well  as  a change  in  terms  of
pharmacokinetics  and pharmacodynamics  with  a  more  ade-
quate  spectrum  to  the current  aetiology  of EO-VAP  in
recently-intubated  coma  patients.  However,  the  effect  of
this  prophylactic  measure  on  the  development  of  bacte-
rial  resistance  must  always  be  monitored  periodically  to
detect  prophilaxis-related  bacterial  resistance  if its  use  is
not  appropriate.  Thus,  antibiotic  prophylaxis  for  >48  h  has
been  shown  a practice  significantly  associated  with  clinical
complications  related  to  nosocomial  pneumonia.12

Conclusion

After  20  years  of the  IV  antibiotic  prophylaxis  for  VAP  pre-
vention  in intubated  coma  patients,  perhaps  it is  time to
launch  a  large  RCT  to  evaluate  other  types  of antibiotic  pro-
phylaxis  with  no  effect  on  normal  anaerobic  microbiota  and
with  a  broad-spectrum  to  Gram-positive  and  enteric  Gram-
negative  bacilli.  However,  attention  must  be paid  to  the
evolution  of  resistant  micro-organisms,  and  maintaining  this
antibiotic  prophylaxis  for  more  days  than  planned  should  be
avoided.
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Álvarez J, et al. Guidelines for the prevention of  ventilator-
associated pneumonia and their implementation. The Spanish
Zero-VAP bundle. Med Intensiva. 2014;38:226---36.

3. Sirvent JM, Vidaur L,  Gonzalez S,  Castro P, de Batlle J, Castro
A, et al. Microscopic examination of intracellular organisms in
protected bronchoalveolar mini-lavage fluid for the diagnosis of
ventilator-associated pneumonia. Chest. 2003;123:518---23.

4. Acquarolo A, Urli T, Perone G, Gianotti C, Candiani A,  Latronico
N. Antibiotic prophylaxis of  early onset pneumonia in critically
ill comatose patients. A randomized study. Intensive Care Med.
2005;31:510---6.

5. Valles J, Peredo R, Burgeno MJ, de Freitas APR, Milian S, Espasa
M, et al. Efficacy of single-dose antibiotic against early-onset
pneumonia in comatose patients who are ventilated. Chest.
2013;143:1219---25.

6. Gagnon DJ, Nielsen N, Fraser GL, Riker RR, Dziodzio J,
Sunde K,  et  al. Prophylactic antibiotic are associated with
a lower incidence of  pneumonia in cardiac arrest survivors

treated with targeted temperature management. Resuscita-
tion. 2015;92:154---9.

7. American Thoracic Society, Infectious Diseases Society of  Amer-
ica. Guidelines for the management of adults with hospital-
acquired, ventilator-associated, and health care associated
pneumonia. Am J  Respir Crit Care Med. 2005;171:388---416.

8. Kalil AC, Metersky ML, Klompas M,  Muscedere J,  Sweeney DA,
Palmer LB, et al. Management of adults with hospital-acquired
and ventilator-associated pneumonia: 2016 Clinical Practice
Guidelines by the Infections Diseases Society of America and the
American Thoracic Society. Clin Infect Dis. 2016;63:e61---111.

9. Carney NA, Ghajar J,  Brain Trauma Foundation, American
Association of  Neurological Surgeons (AANS), Congress of Neuro-
logical Surgeons (CNS), AANS/CNS Joint Section on  Neurotrauma
and Critical Care. Guidelines for the  management of severe
traumatic brain injury. Infection prophylaxis. J Neurotrauma.
2007;24 Suppl. 1:S26---31.

10. Torres A, Ewig S,  Lode H, Carlet J,  European HAP working group.
Defining, treating and preventing hospital acquired pneumonia:
European perspective. Intensive Care Med. 2009;35:9---29.

11. Marik PE. Aspiration pneumonitis and aspiration pneumonia. N
Engl J  Med. 2001;344:665---71.

12. Hoth JJ, Franklin GA, Stassen NA, Girard SM, Rodriguez RJ,
Rodriguez JL. Prophylactic antibiotics adversely affect nosoco-
mial pneumonia in trauma patients. J  Trauma. 2003;55:249---54.

http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0065
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0070
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0075
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0080
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0085
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0090
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0095
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0100
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0105
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0110
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0115
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120
http://refhub.elsevier.com/S0210-5691(16)30190-5/sbref0120

	Antibiotic prophylaxis against ventilator-associated pneumonia in patients with coma: Where are we now?
	Introduction
	The main findings of the pilot study
	Publications on this topic since the initial study
	New strategies for future research in antibiotic prophylaxis against VAP
	Conclusion
	Conflict of interest
	Acknowledgments
	References


