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Abstract
Background:  Metabolic  changes  of  glucose  in  critically  ill  patients  increase  morbidity  and  mor-
tality. The  appropriate  level  of  blood  glucose  has  not  been  established  so far  and  should  be
adjusted for  different  populations.  However  concepts  such  as  glucose  variability  and relative
hypoglycemia  of  critically  ill  patients  are  concepts  that  are changing  management  methods  and
achieving closer  monitoring.
Objectives:  The  purpose  of  this review  is to  present  new data  about  the management  and
metabolic  control  of  patients  in critical  areas.
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Conclusions:  Currently  glucose  can  no  longer  be regarded  as  an  innocent  element  in  critical
patients;  both  hyperglycemia  and  hypoglycemia  increase  morbidity  and  mortality  of  patients.
Protocols and  better  instruments  for  continuous  measurement  are  necessary  to  achieve  the
metabolic  control  of  our  patients.
© 2016  Academia  Mexicana  de  Ciruǵıa A.C.  Published  by  Masson  Doyma  México  S.A.  This  is an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Actualidades  en  el  control  metabólico  del  paciente  crítico:  hiperglucemia,
variabilidad  de la  glucosa,  hipoglucemia  e  hipoglucemia  relativa

Resumen
Antecedentes:  Las alteraciones  metabólicas  de la  glucosa  en  pacientes  críticamente  enfermos
pueden aumentar  la  morbimortalidad.  El  nivel  adecuado  de  glucosa  en  sangre  no  se  ha  estable-
cido hasta  el  momento  y  debe  ajustarse  para  diferentes  poblaciones.  Sin embargo  conceptos
como la  variabilidad  de la  glucosa  e hipoglucemia  relativa  del  paciente  crítico  son  conceptos
que están  cambiando  el manejo  y  logrando  métodos  de  monitorización  más  estrechos.
Objetivo:  El  propósito  de esta  revisión  es  dar  a  conocer  las  actualidades  en  el  manejo  y  control
metabólico  de  pacientes  en  áreas  críticas.
Conclusiones:  En  la  actualidad  la  glucosa  ya  no  puede  considerarse  como  un elemento  inocente
para el paciente  crítico;  tanto  la  hiperglucemia  como  la  hipoglucemia  incrementan  la  mor-
bimortalidad  de  los pacientes.  Protocolos  de actuación  y  mejores  instrumentos  de  medición
continua  son  necesarios  para  lograr  el  control  metabólico  de nuestros  pacientes.
© 2016  Academia  Mexicana  de  Ciruǵıa A.C.  Publicado  por  Masson  Doyma  México  S.A.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Background

Hyperglycemia  is common  in critically  ill  patients,  even  in
those  who  have  not  been  diagnosed  as  having  diabetes.
There  is  evidence  that  developing  hyperglycemia  during  an
illness  or  acute  surgery  increases  morbimortality,  the  num-
ber  of  days  spent  in the intensive  care  unit  (ICU) and in
hospital,  as  well  as  the  number  of  days  with  mechanically
assisted  respiration.1

Alterations  in glucose  metabolism  arise  during  critical
illnesses  due  to  a  range  of  factors,  including  increased
insulin  resistance,  changes  in the production  of  the said
hormone  and  the activation  of  cytokines.  A hypermetabolic
state  occurs  in patients  in a critical  condition  due  to  their
disease,  with intense  activation  of contraregulating  hor-
mones  and cytokines,  such as  tumour necrosis  factor  alpha
(TNF-�),  interleukin  1 (IL-1)  and  interleukin  6  (IL-6),  which
are  important  insulin  resistance  mediators,  thereby  caus-
ing  hyperglycemia.  The  great  majority  of  the  patients  in
an  ICU  will  have  stress-induced  hyperglycemia,  in the  form
of  transitory  hyperglycemia  during  the  disease  which is
generally  restricted  to  patients  with  no  previous  sign  of
diabetes.2---4

When  they  are  admitted  to  hospital,  patients  without  dia-
betes  are  at  greater  risk  of mortality  than  those  patients
with  a  previous  diagnosis  of  diabetes.1

Hypoglycemia  is significantly  greater  in patients  with
strict  control  of glucose  by  intensive  intravenous  insulin

therapy.  The  current  recommendation  is  for  strict  glycemia
control  to  focus  on hyperglycemia  secondary  to  critical  dis-
ease,  while  at the  same  time  avoiding  hypoglycemia,  so that
management  protocols  have  now  been  set  in  the  majority  of
ICUs.5

The  purpose  of  this  review  is  to  publish  the  latest devel-
opments  in  patient  metabolic  control  and  management  in
critical  areas.

Methods

The aim  of this  review  is  to  publish  the  latest  developments
in  patient  metabolic  control  and  management  in critical
areas.  PubMed  was  searched  using the terms  MeSH  glycemia,
metabolic  control  and  critical,  with  5-year  filters  in humans
and  including  systematic  reviews,  reviews  and  clinical  stud-
ies.  884 results  were  found,  of  which 59  fulfilled  the  search
criteria  and were  included  in  this review.

Epidemiology

It is  difficult  to  estimate  the  prevalence  of  hyperglycemia
in  critically  ill patients  as  the  diagnosis  is  variable.  Approx-
imately  75%  of  all  patients,  including  diabetic  ones,  have
blood  concentrations  of  glucose  higher  than  110  mg/dl  at
the  moment  of  admission  to  the  ICU,  while  12%  of  all
patients  have  blood  concentrations  of  glucose  higher  than
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200  mg/dl.6 Another  study  showed  that  more  than  60%  of
patients  admitted  to  an ICU  have  blood  concentrations  of
glucose  higher  than  110  mg/dl,  38%  of  patients  have  a  glu-
cose  level  above  150 mg/dl  and  23%  of  patients  have figures
higher  than  200  mg/dl.7

Pathology

Critical  disease  induced  hyperglycemia  was  thought  for
a  long  time  to  be  beneficial  for patients,  as  an adap-
tive  response  to supply  additional  energy  to  the organs
that predominantly  depend  on  glucose  as  a metabolic
substrate  (the  brain  and  blood  cells).8 The  factors  that con-
tribute  to  hyperglycemia  in critically  ill patients  include
the  secretion  of  stress  hormones  such  as  glucagon,  the
adrenergic  response,  cortisol  and  an increase  in  glu-
coneogenesis,  glucogenolysis  and  the use  of medicines
(exogenous  glucocorticoids,  vasopressors,  lithium  and beta
blockers),  the secretion  of  cytokines,  over feeding,  par-
enteral  feeding,  intravenous  infusion  of  dextrose,  dialysis
solutions  and  antibiotics,  which  also  contribute  to  it.
Insulin  insufficiency  or  depletion  in volume  may  cause
hyperglycemia.9 Bed  rest,  even  in  the absence  of evi-
dent  disease,  leads  to  an  alteration  in  glucose  uptake
by  the  skeletal  muscles  and  stimulates  insulin  resis-
tance.  Gluconeogenesis  is  triggered  to  a greater  degree
by  glucagon  than  it is  by epinephrine  and cortisol.  TNF-
�  may  prompt  gluconeogenesis  by  stimulating  glucagon
production.  Glucogenolysis  is  chiefly  stimulated  by  the  cat-
echolamines  and  is  perpetuated  under  the influence  of
adrenalin  and cortisol.1

The adverse  effects of  hyperglycemia

Hyperglycemia  may  lead  to  complications  and  poor progress.
High  concentrations  of  glucose  in  the blood  are associated
with  an  increase  in the morbimortality  of  patients  after
burns,  surgery,  cerebrovascular  accidents,  acute  coronary
syndromes  and  head  injuries.  Hyperglycemia  may  cause  neu-
trophil  dysfunction,  a reduction  in  intracellular  bactericide
activity  and  opsonisation,  which  plays  a role  in  the  increase
in  the  incidence  of  infections.  High  glucose  concentrations
in  the  cells  leads  to  mitochondrial  dysfunction,  activat-
ing  inflammatory  routes  and  modifying  the innate  immune
system.  It  is associated  with  endothelial  and  microcircu-
latory  damage  due  to  the  reduction  in vascular  reactivity
and  endothelial  production  of  nitric  oxide.1,10 Acute  hyper-
glycemia  also  facilitate  protein  lysis,  increasing  the risk  of
cardiac  and  haemodynamic  complications,  as  well  as  acute
kidney  failure  and death.11

Insulin therapy  protocols

The efficacy  of  using a validated  protocol  to  aid the mainte-
nance  of  a  suitable  level  of  blood  glucose  has  been  proven  by
clinical  studies  of  critically  ill patients.  The  protocol  must  be
developed  by  a  multidisciplinary  team  that includes  doctors,
nurses,  pharmacists  and  dieticians,  supplying  the  guidelines
for  obtaining  a specific  level  of glucose,  adjusting  the dose
of  insulin  and detaining  or  reducing  the speed  of infusion

according  to  the  glucose  levels  in serum  of each patient
together  with  their  diet.  The  risks  of  complications  such as
hypoglycemia  must  also  be covered.1

Intravenous  insulin  therapy  is  suggested.  The  initial
blood  glucose  level is  checked  every  one or  two  hours
until  the speed of infusion  has  been  set,  after  which  it  is
checked  every  four  hours  once  the blood  glucose  concen-
tration  has  been  stabilised.  The  advantages  of  using  an
algorithm  or  protocol  include  improved  control  of  glucose,
reduced  treatment  error,  the  capacity  to  keep  control  of
glycemia  close  to  the target  or  normal  range  and avoiding
hypoglycemia.12

It is  often  necessary  to  convert  intravenous  insulin  infu-
sion  into  subcutaneous  therapy,  either before  or  at the
moment  of  discharge  from  the ICU.13

Scientific  evidence

The  SPRINT  study  showed  that  strict  control  of  glycemia  to
an  average  level of 108  mg/dl  reduced  organ  failure  in  com-
parison  with  patients  who  were  controlled  conventionally  at
levels  higher  than  130  mg/dl.14

In the  Leuven  l  study  Van  den  Berghe  demonstrated  that
patients  with  strict  control  of glycemia  and  a target  level  of
blood  glucose  of  from  80  to  110  mg/dl  had  a better  result
than  critically  ill  surgical  patients  who  were  controlled  con-
ventionally.  This  showed  a fall in surgical  ICU  mortality  from
8%  to  4.6%,  a 34%  fall  in the risk  of  multiple  organ failure,
with  40%  less  infection  and  sepsis,  a 41%  fall in the  inci-
dence  of  acute  kidney  failure,  a 44%  fall in critical  patient
polyneuropathy,  a 50%  fall in  the need  for  haemoderiva-
tive  transfusions  and  a 50%  fall in the need  for  prolonged
mechanical  ventilation.  Based  on  the Leuven  l study  strict
control  of glycemia  was  adopted  as the standard  for  critical
patient  care  around  the world.6

In the  Leuven  II  study  in  a medical  ICU  the same  author
did not show any  benefit  in the  survival  of all  critically  ill
patients  with  strict  control  of  glycemia;  nevertheless,  the
best  results  were  found  in  the  fall  in the number  of days
patients  spent  with  mechanical  ventilation,  as  well  as  with
fewer  days  of  hospitalisation.5 The  impact  of strict  glycemia
control  was  not as  significant  was  it  was  in the Leuven  l study,
and  it was  concluded  that  the  large  difference  between  the
results  in  the medical  ICU  and  surgical  ones  is  due  to the fact
that  a high  percentage  of patients  in a  medical  ICU  had  organ
damage  on admission,  so  that  this  could  not  be prevented
by  any  intervention.

Krinsley  showed  that  patients  whose  blood  concentra-
tions  of  glucose  were  controlled  at <140  mg/dl  had higher
survival  rates than  those  whose  blood  concentrations  of
glucose  were controlled  at <200  mg/dl in  medical-surgical
ICUs.15

The  efficacy  study  of  volume  substitution  and  insulin
therapy  in severe  sepsis  (VISEP),  (n  =  537),  was  a  multicentre
study  designed  to  evaluate  the efficacy  of resuscitation
with  fluids  (pentastarch  10%  vs.  Modified  ringer  lactate)
and  the  control  of  glucose  in  serum  (intensive  management
with  insulin  vs  conventional  management)  in patients  with
severe  sepsis  and septic  shock.  Two  glucose  target  levels
were  compared,  in the intervention  group (80---110  mg/dl)
and  the control  group  (180---200  mg/dl).  The  administration
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of  insulin  and  measurement  of  glucose  in serum  were
standardised  in the  18  participating  centres.  The  study
was  halted  early  after  488  patients  had  been  included
because  the  incidence  of  hypoglycemia  (12.1%)  in the  inten-
sively  managed  group  was  considered  to  be  unacceptably
high.16

The  GLUCONTROL  study  was  multicentre  and  larger  than
the  VISEP  study  (n  =  1101),  with  the  participation  of 21
medical-surgical  ICUs.  This  study  investigated  whether  strict
control  of glycemia  (80---110  mg/dl)  improved  survival  in a
mixed  population  of  critical  patients  in comparison  with  a
moderate  control  target  (140---180  mg/dl).  This  study  did  not
standardise  measurements  of  glucose  in serum  and  the use
of  glucometers  was  permitted.  This  study  was  halted  early
as  the  target  levels  of  glucose  were  not  reached  and the
incidence  of  hypoglycemia  was  9.8%.  Hospital  mortality  did
not  differ  between  the intensively  managed  group  (19.5%)
and  the  control  group  (16.2%).17

Two  studies  undertaken  in medical-surgical  ICUs  and
which  were  smaller  than  the  Leuven  studies  showed  that
there  were  no  significant  benefits  in mortality.18,19

The  common  denominator  in the above-mentioned  stud-
ies  is that  they  were  not  statistically  significant  in the
detection  of a  reasonable  difference  in mortality.

The  multicentre  NICE-SUGAR  study  included  6100
patients  and compared  strict  control  of  glucose  levels
at  below  108  mg/dl with  an intermediate  target  level  of
140---180  mg/dl.  It reported  a  significantly  higher  rate  of
mortality  (24.9%  vs  27.5%)  in  the  strict  glucose  control
group.  These  deaths were  attributed  to  cardiovascular
causes  and  organ  failures  documented  by  the SOFA  score,
with  no significant  different  between  the two  groups  stud-
ied.  Additionally,  the NICE-SUGAR  study  did  not demonstrate
a  fall  in  the  number  of  days  with  invasive  ventilation  or
days  of  hospitalisation.  Nor  did it show a lower  rate  of  kid-
ney  failure,  replacement  therapy,  positive  haemocultures  or
haemoderivative  transfusions,  although  significantly  higher
rates  of  severe  hypoglycemia  were found.20 In  comparison
with  the  Leuven5,6 studies,  in  which  levels  of  glycemia  up  to
215  mg/dl  were  permitted  in  the control  group,  the interme-
diate  target  level  of  140---180  mg/dl  led to  an  improvement
in  control  group  mortality.  This  suggests  that  one  ben-
efit  of  the  moderate  control  of glycemia,  as shown  in
the  control  group  with  an intermediate  level  of  glucose
(110---150  mg/dl)  was  much  better  than  a target  glucose
level  above  150 mg/dl.  Another  of the  aspects  that  influ-
ence  the  lack  of  benefit  in  terms  of  mortality  in this study
was  the  level  of  therapeutic  determination  as  measured  by
the  degree  of  success  in achieving  and  maintaining  target
levels  of  glycemia  in the intervention  group;  in the Leuven
studies  70%  of  the strict  control  group  patients  reached the
target  glucose  levels,  while  in the NICE-SUGAR  study  less
than  50%  reached  this target. This  is  important,  as  a  recent
meta-analysis  suggested  that  studies  in which  the target
level  of  glucose  were  reached  showed  a fall  in mortality,
while  in those  studies  in which  this  target  was  not  reached
no  benefit  was  found and there  was  even  an increase  in
mortality.21,22

In a  meta-analysis  with  a total  of 8432  patients  Wiener
showed  that  hospital  mortality  did  not  differ  between
patients  with  strict  control  of  glucose  levels  and  those
patients  treated  as  usual.23

Umpierrez  reported  that  hyperglycemia  diagnosed  at the
moment  of  patient  admission  is  associated  with  a 16%  rate
of  mortality,  in comparison  with  a mortality  rate  of  3%  in
patients  known  to  be diabetic,  and  a  rate  of  1.7%  in patients
without  hyperglycemia.24.  The  conclusion  was  that  hyper-
glycemia  during  admission  to  the ICU  had  a more  significant
impact  on  the risk  of  mortality  among  non-diabetic  patients
than  it did on  diabetic  patients.25

Glycemia variability

Glycemia  levels  in critically ill  patients  fluctuate  widely,
even  when continuous  feeding  and  insulin  infusions  are
used.26

Glucose  level  variability  is  an independent  mortal-
ity  risk  factor  in the  ICU27,28 and  in septic  hospitalised
patients.29

This  variability  is  generally  expressed  as  standard  devi-
ation  (SD)  from  the mean  glucose  level  or  as  the  average
amplitude  of glycemic  fluctuations.30

Patients  who  do  not  survive  a  critical  illness  showed  a
higher  SD  and  glucose  variation  coefficient  (SD/average  glu-
cose  level)  during  their  time  in  the  ICU.  A level of  glucose  in
the  blood  with  a  SD  >  20  mg/dl  is  associated  with  a  9.6  times
increase  in mortality  in comparison  with  a  blood  glucose
SD  < 20  mg/dl.31

In  a retrospective  study  of  7049  critical  patients,  Egi
reports  that survivors  experienced  less  variability  in their
glucose  levels  vs  non-survivors.  Additionally,  in  diabetic
patients  variability  in  glucose  levels  was  a better  predic-
tor  of  mortality  in the  ICU  than  the  absolute  level  of  glucose
in serum.28

The  authors  of  other  retrospective  studies  also  reported
the importance  of  variability  in  glucose  levels.  When  they
classified  patients  according  to  their  glucose  control  pat-
tern,  they  identified  a  group  which  they  described  as  the
‘‘high  variability  group’’.  This  group was  found  to  be  asso-
ciated  with  higher  rates  of  infection,  longer  stays  in  the
ICU  and  hospitalisation,  as  well  as  with  an increase  in  mor-
tality  compared  with  other  glucose  control  patterns  (low
variability).32

Krinsley  found  that  the mortality  rate  among  non-
diabetic  patients  with  an average  glucose  level  of
70---99  mg/dl  during  their  stay  in the ICU  was  10.2%  for
patients  with  a  glucose  variation  coefficient  (VC)  <15%  vs
58.3%  for  patients  with  a  VC above  50%.33

The  idea  that glycemia  variability  must  affect  mortal-
ity  is  biologically  credible.  Two  patients  are  considered,
both  with  an average  glucose  level of  130 mg/dl  during
their  stay  in  the  ICU.  One  individual  had  levels  of  70 mg/dl,
80  mg/dl,  130  mg/dl,  180  mg/dl and  190  mg/dl  (SD  55.2).
The  second  individual  had  the following  levels:  120  mg/dl,
125  mg/dl,  130 mg/dl,  135  mg/dl  and  140 mg/dl (SD  7.9).
The  first  patient  was  exposed  to  potentially  harmful  glu-
cose  levels,  and  several  studies  have shown  that  these  have
damaging  effects  on  mitochondrial,  endothelial,  neuronal
and  immune  system  functioning.10,34

Risso  exposed  human  umbilical  vein  cells  to  sustained
conditions  of  hyperglycemia  or  alternating  conditions  of
euglycemia  with  hyperglycemia.  He  found  higher  rates of
apoptosis  in the cells  exposed  to  the  latter  condition.35
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Qualiaro  used the same  methodology  to  measure  kinase
C-beta  protein,  an oxidative  stress  marker  associated  with
the  microvascular  lesion  linked  to  hyperglycemia.  Levels
of  kinase  C-beta  protein  were  significantly  higher  when
glycemia  levels  fluctuated  than  they  were  with  sustained
hyperglycemia.36

In  a  similar  way,  Monnier  found  that  oxidative  stress
as  measured  by  the  excretion  of  8-iso  prostaglandin  F2
alpha  in  the  urine  after  24 h  was  high  in patients  with
type  2  diabetes  mellitus  with  greater  fluctuations  in glu-
cose  control  than  it  was  in  a  cohort  subjected  to  sustained
hyperglycemia.37

These  findings  have  important  clinical  implications.  They
suggest  that  specialists  who  implement  glycemia  man-
agement  protocols  in intensive  care  should pay as  much
attention  to glucose  variability  as  they  do  to  the set  target
levels.  Although  there  is  no  full  agreement  on  glycemia  tar-
get  levels,  it  is  clear  that  there  is  an  important  relationship
between  variability  and mortality,  so that  implementing  the
measures  necessary  to  prevent  this  variability  would have  a
profound  impact  not  only on  mortality,  but  also  on  the length
of  time  patients  remain  in the  ICU.

Hypoglycemia

Severe  or prolonged  hypoglycemia  causes  arrhythmia,
convulsions,  coma  and  irreversible  brain  damage.  While
the  most  severe  complications  are  easy  to  identify,
more  subtle  neuroglycopenic  manifestations  such as
cephalea,  fatigue,  confusion  and dysarthria,  etc.,  may
be  hard  or  practically  impossible  to  identify  in a critical
patient.38

In  the  Leuven  I6 study,  two  of the  episodes  of hypo-
glycemia  recorded  were  accompanied  by  diaphoresis  and
agitation.  In  the  Leuven  II5 study  the patients  showed  no
symptoms  during  episodes  of  hypoglycemia.

In  a  cohort  of 154 patients  who  experienced  an episode
of  hypoglycemia,  Vriesendorp  reported  one case  of  refrac-
tory  convulsive  crisis  and  two  cases of coma  in which  the
cause  seemed  to  be  hypoglycemia,  although  this causal-
ity  was  not  fully  established.  It  therefore  seems  that  the
majority  of  severe  hypoglycemia  episodes  observed  during
the  infusion  of  insulin  in an ICU  were  solely  ‘‘biochemical’’
hypoglycemia,  i.e., without  any  clinical  symptoms;  nev-
ertheless,  it  is  possible  that  neurological  signs  may  be
masked  by  other  situations  (sedation,  encephalopathy  or
another  type  of neurological  deterioration  not  linked  to
hypoglycemia).39

Different  levels  have been  used to  define  an event  of
hypoglycemia,  and they  vary  from  <40 to  <82  mg/dl.40,41

In  a  study  which  recorded  the lowest  level  of glucose
detected  in  during  the  first  24  h of  stay  in the ICU,  the
incidence  of  hypoglycemia  varied  from  13.8%  with  a cut-
off  point  below  82  mg/dl to  less  than  1.5%  with  a  threshold
below  44  mg/dl.42

‘‘Severe  hypoglycemia’’  is  usually  defined  as  a  level of
glucose  in  serum  that  is  below 40  mg/dl.

The risk  of  hypoglycemia  with  intensive  use  of  insulin
increases  from  0.8%  to  5.1%  in the study  by  Van  den  Berghe
in  a  medical  ICU,  and from  3.1%  to  18.7%  in the  study  of  a
surgical  ICU  by the  same  author.5,6

The  patients  in a medical  ICU  are more  severe  than
those  in a  surgical  ICU,  with  a  higher  rate  of  kidney  and
liver  failure,  meaning  they  have  a  higher  susceptibility
for  the development  of  hypoglycemia.  In  particular,  septic
patients  are at the greatest  risk,43 with  an overall  inci-
dence  of  11.4%  (2.9%  for  conventional  management  and
19.6%  for intensive  management)  vs  3.9%  in non-septic
patients  (1.2%  for conventional  management  and  6.8%  for
intensive  management  with  insulin).  Conventional  manage-
ment  aims  at keeping  glycemia  below 180---200  mg/dl,  while
intensive  management  aims  to  achieve  control  at  below
110  mg/dl.

These  episodes  of  ‘‘biochemical’’  hypoglycemia  were  not
associated  with  obvious  clinical  events,  and  in  fact  did not
cause  early  deaths  or  neurological  sequelae  in patients  who
survived  hospitalisation  in  an ICU.  Nevertheless,  as  the risk
of  hypoglycemia  coincided  with  the risk  of  death  (OR,  3.2  in
the  surgical  ICU;  OR  2.9  in  the  medical  ICU)  in both  manage-
ment  groups  (conventional  vs  intensive),  it is  impossible  to
completely  rule  out  the  possibility  that  hypoglycemia  coun-
terbalances  the  benefit  in  terms  of  mortality  offered  by
intensive  management  with  insulin.43

The  increase  in  the incidence  of  hypoglycemia  in the
intensively  managed  groups  justified  the  interruption  of
two  large-scale  studies:  VISEP  and  GLUCONTROL.  In  the
first  of  these,  the  incidence  of  hypoglycemia  (<40  mg/dl)
reached  12.1%  in the  group  managed  intensively  with  insulin
(versus  2.1%  in the  conventionally  managed  group),  while
in  the  second  study  the number  of  patients  who  experi-
enced  at least  one  episode  of  hypoglycemia  amounted  to
9.8%  (versus  2.7%  in the conventionally  managed  group).  It
is  important  to  point  out  that  in the  GLUCONTROL  study
the  rate  of mortality  increased  significantly  in the  patients
who  experienced  hypoglycemia,  with  similar  severity  scores
(SOFA).16,44

The  study  by  Krinsley45 describes  the clinical  characteris-
tics  of  102  patients  extracted  from  a  cohort  of  5365  patients
admitted  to the  ICU  consecutively  and  who  had  at least
one  episode  of  hypoglycemia  (glucose  in serum  <40  mg/dl).
These  patients  had an average  APACHE  II of  27.7  and  pre-
sented  an early  episode  of  hypoglycemia  (after  an average
stay  in the ICU  of one day)  and  a  high  percentage  had
septic  shock.  55.9%  of  the  patients  who  had  an episode
of  hypoglycemia  died,  in comparison  with  39.5%  who  did
not  have  hypoglycemia.  Thus  a single  episode  of severe
hypoglycemia  is  an independent  risk  factor  for  increased
mortality.

While  the majority  of  studies  have  focussed  on  severe
hypoglycemia,  other  researchers  have shown  that  mod-
erate  hypoglycemia  (<70  mg/dl)  has  a  negative  effect
on  survival  in a mixed  population  of  critically  ill
patients.

Egi46 studied  4946  critically  ill  patients  and  identified
1109  patients  (22.4%) who  suffered  at least  one  episode  of
hypoglycemia  (glucose  level  <81 mg/dl).  Mortality  in hos-
pital  was  36.6%,  compared  with  19.7%  of  the  patients  in
the  control  group  (who  did not  suffer  an episode  of hypo-
glycemia).  Even  the  patients  with  a glucose  level  of  from
72  to  81 mg/dl  had  a higher  mortality  rate  than  the control
patients  (25.9  vs  19.7%,  OR  1.42).  Patients  with  a minimum
concentration  under  63  mg/dl had  significantly  higher  mor-
tality  than  those  whose  glucose  levels  were in  the  range  from
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63  to  81 mg/dl  (50.2  vs  28.2%;  OR  2.59).  There  was  no sig-
nificant  increase  in mortality  for  patients  with  levels  below
63  mg/dl.

Krinsley47 carried  out a study  with  the  aim  of  evaluating
the  association  between  hypoglycemia  (defined  as  a  glucose
concentration  below  70  mg/dl)  and hospitalisation  time  in
the  ICU  in  three  different  cohorts  of  critically  ill  patients.
He  recruited  a total  of 6240  patients,  and  the patients  who
had  no hypoglycemia  stayed  in  the ICU  for  1.8 days,  while
those  who  had  a  single  episode  spend  3 days  in the ICU.
A  very  strong  positive  correlation  was  found  between  the
number  of episodes  of  hypoglycemia  and  the  time  spent  in
the  ICU  in all  three  cohorts.

There  are  at  least 3 possible  explanations  for the
association  between  hypoglycemia  and  the increase  in mor-
bimortality  that  has  been  detected:

1.  The  severity  of hypoglycemia  may  be  associated  with  the
degree  of severity  of  the  illness.

2.  Hypoglycemia  may  be  a biomarker  for  imminent  death,
although  the study  by  Egi46 found  that  hypoglycemia  is
present  at an average  of  105  h  before  death  in  the ICU  or
after  discharge  from  this  unit.  Hypoglycemia  is  therefore
still  an  independent  risk  factor  for mortality.

Hypoglycemia  has  harmful  biological  effects  in  criti-
cally  ill  patients.  For  example,  episodes  of  hypoglycemia
increase  the  systemic  inflammatory  response,  induce neu-
roglycopenia,  inhibit  the  glucocorticoid  stress  response,
reduce  the  sympathetic  autonomic  response  and cause  cere-
bral  vasodilatation  by  means  of  mechanisms  which  are
still  not  known.48 These  studies  suggest  that  low  and  even
moderate  levels  of  hypoglycemia  should  not  be  tolerated.
Appropriate  and  continuous  monitoring  of  glucose  levels  in
the  ICU  is  needed to  prevent  hypoglycemia  or  detect  it at
an  early  stage.

Glycemia control targets

Major  doubts  still  exist  regarding  the  optimum  and  desirable
glucose  levels  in ICU  patients.  The  upper  limit  for  blood  glu-
cose  during  treatment  with  insulin  has  yet  to  be  precisely
determined  in critically  ill  patients.

VanVught49 evaluated  the association  between  glucose
levels  at the moment  of  admission  and  15  relevant
sepsis  biomarkers,  as  well  as  mortality  after  30 days
in  a  large  cohort  of critically  ill  patients  with  sepsis.
Based  on  levels  of  glucose  at the  moment  of  admission,
patients  were  classified  as  euglycemia  (71---140  mg/dl),  mild
hyperglycemia  (141---199  mg/dl),  or  severe  hyperglycemia
(>200  mg/dl).

The  authors  showed  that  severe  but  not  mild  hyper-
glycemia  at the moment  of  admission was  associated  with
higher  risk  of  death  in  diabetic  and  non-diabetic  patients.  It
is  important  to  point  out  that  significant  differences  exist  in
the  basal  characteristics  of  the groups, and that  the authors
simply  show  that  there  is  an association  between  blood  glu-
cose  levels  at the  moment  of  admission  and  their  outcome;
this  does  not  imply  a cause  and effect  relationship.  Nev-
ertheless,  a  more  interesting  finding  of  this  study  was  that
inflammation  markers,  endothelial  lesion  and  activation  of

coagulation  are attenuated  in patients  with  stress  hyper-
glycemia.

This  finding  supports  the  idea  that  stress  hyperglycemia
is  a beneficial  adaptive  response.  Finally,  the meta-analysis
published  by  Yamada50 showed  that  strict  control  of
glycemia  in critically  ill  patients  has no  benefit  in  terms  of
mortality,  although  it  did show  that hypoglycemia  was  five
times  more  likely  to  be  present  than  it was  for  mild  or  very
mild  control.

Conclusion

It is  now  not possible  to  consider  glucose  to  be an innocent
element  in the ICU;  hyperglycemia  as  well  as  hypoglycemia
increases  patient  morbimortality.  The  correct  level  of  blood
glucose  has  yet  to  be determined,  and  it  has  to be adjusted
for  different  populations  of  patients.  Current  efforts  must
be  towards  controlling  variability  in glycemia.  Protocols
for  acting  and  better  continuous  measuring  instruments
are  necessary  to  achieve  metabolic  control  metabolic  of
our  patients,  keeping  a  treatment  threshold  at  a level
of  >180  mg/dl  and  a target  glucose  level  of  from  140  to
180  mg/dl  in ICU  patients.

Ethical  disclosures

Protection  of  human  and  animal  subjects.  The  authors
declare  that  no  experiments  were  performed  on  humans  or
animals  for  this  study.

Confidentiality  of  data. The  authors  declare  that  they  have
followed  the protocols  of their  work  center  on  the publica-
tion  of  patient  data.

Right  to privacy  and  informed  consent.  The  authors
declare  that  no  patient  data  appear  in this  article.

Conflict of  interests

The  authors  have no  conflict  of  interests  to  declare.

References

1. Hsu CW.  Glycemic control in critically ill patients. World  J Crit
Care Med. 2012;1:31---9.

2. Robinson LE, van Soeren MH. Insulin resistance and hyper-
glycemia in critical illness: role of  insulin in glycemic control.
AACN Clin Issues. 2004;15:45---62.

3. McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyper-
glycemia. Crit Care Clin. 2001;17:107---24.

4. Mizock BA. Alterations in fuel metabolism in critical ill-
ness: hyperglycaemia. Best Pract Res Clin Endocrinol Metab.
2001;15:533---51.

5. Van den Berghe G, Wilmer A, Hermans G, Meersseman W,
Wouters PJ, Milants I,  et al.  Intensive insulin therapy in the
medical ICU. N Engl J  Med. 2006;354:449---61.

6. Van den Berghe G,  Wouters P, Weekers F, Verwaest C, Bruyninckx
F, Schetz M, et al. Intensive insulin therapy in the critically ill
patients. N  Engl J  Med. 2001;345:1359---67.

7. Cely CM, Arora P, Quartin AA,  Kett DH, Schein RM. Relation-
ship of  baseline glucose homeostasis to hyperglycemia during
medical critical illness. Chest. 2004;126:879---87.

http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0255
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0260
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0265
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0270
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0275
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0280
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0285


News  on  critical  patient  metabolic  control  99

8. Schultz MJ, Harmsen RE, Spronk PE. Clinical review: strict or
loose glycemic control in critically ill patients --- implementing
best available evidence from randomized controlled trials. Crit
Care. 2010;14:223.

9. Kovalaske MA, Gandhi GY. Glycemic control in the medical inten-
sive care unit. J Diabetes Sci Technol. 2009;3:1330---41.

10. Van den Berghe G. How does blood glucose control with
insulin save lives in intensive care. J  Clin Invest. 2004;114:
1187---95.

11. Flakoll PJ, Hill JO, Abumrad NN. Acute hyperglycemia enhances
proteolysis in normal man. Am J Physiol. 1993;265:E715---21.

12. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke
R, et al. Surviving sepsis campaign: international guidelines for
management of  severe sepsis and septic shock. Crit Care Med.
2008;36:296---327.

13. Moghissi ES. Addressing hyperglycemia from hospital admission
to discharge. Curr Med Res Opin. 2010;26:589---98.

14. Chase JG, Pretty CG, Pfeifer L, Shaw GM, Preiser JC, Le Compte
AJ, et al. Organ failure and tight glycemic control in the SPRINT
study. Crit Care. 2010;14:R154.

15. Krinsley JS. Effect of  an intensive glucose management protocol
on the mortality of  critically ill  adult patients. Mayo Clin Proc.
2004;79:992---1000.

16. Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann A, Ragaller
M, Weiler N,  et al. Intensive insulin therapy and pentastarch
resuscitation in severe sepsis. N Engl J  Med. 2008;358:125---39.

17. Preiser JC, Devos P, Ruiz-Santana S, Mélot C, Annane D,  Groen-
eveld J, et al. A  prospective randomised multi-centre controlled
trial on tight glucose control by intensive insulin therapy in adult
intensive care units: the Glucontrol study. Intensive Care Med.
2009;35:1738---48.

18. Arabi YM, Dabbagh OC, Tamim HM, Al-Shimemeri AA, Memish ZA,
Haddad SH, et al. Intensive versus conventional insulin therapy:
a randomized controlled trial in medical and surgical critically
ill patients. Crit Care Med. 2008;36:3190---7.

19. De La Rosa Gdel C, Donado JH, Restrepo AH, Quintero AM,
González LG, Saldarriaga NE,  et  al. Strict glycaemic control
in patients hospitalised in a mixed medical and surgical inten-
sive care unit: a randomised critical trial. Crit Care. 2008;
12:R120.

20. Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V,  et al.
Intensive versus conventional glucose control in critically ill
patients. N  Engl J Med. 2009;360:1283---97.

21. Griesdale DE, de Souza RJ, van Dam RM, Heyland DK, Cook
DJ, Malhotra A, et al. Intensive insulin therapy and mortality
among critically ill  patients: a meta-analysis including NICE-
SUGAR study data. CMAJ. 2009;180:821---7.

22. Van den Berghe G, Mesotten D,  Vanhorebeek I. Intensive
insulin therapy in the intensive care unit. Can Med Assoc J.
2009;180:799---800.

23. Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight
glucose control in critically ill  adults: a meta-analysis. J Am
Med Assoc. 2008;300:933---44.

24. Umpierrez GE, Isaacs SD, Bazargan N,  You X, Thaler LM, Kitabchi
AE. Hyperglycemia: an independent marker of  inhospital mor-
tality in patients with undiagnosed diabetes. J Clin Endocrinol
Metab. 2002;87:978---82.

25. Rady MY, Johnson DJ, Patel BM, Larson JS, Helmers RA. Influence
of individual characteristics on outcome of glycemic control in
intensive care unit patients with or without diabetes mellitus.
Mayo Clin Proc. 2005;80:1558---67.

26. Brown G, Dodek P. Intravenous insulin nomogram improves
blood glucose control in the critically ill. Crit Care Med.
2001;29:1714---9.

27. Krinsley JS. Glycemic control, diabetic status, and mortal-
ity in a  heterogeneous population of  critically ill  patients
before and during the era of  intensive glycemic management:
six and one-half years experience at a university-affiliated

community hospital. Semin Thorac Cardiovasc Surg. 2006;18:
317---25.

28. Egi M, Bellomo R, Stachowski E, French CJ, Hart G.  Variabil-
ity of blood glucose concentration and short term mortality in
critically ill patients. Anesthesiology. 2006;105:244---52.

29. Ali NA, O’Brien JM Jr, Dungan K, Phillips G, Marsh CB, Lemeshow
S, et  al. Glucose variability and mortality in patients with sepsis.
Crit Care Med. 2008;36:2316---21.

30. Krinsley JS. Glycemic variability: a strong independent pre-
dictor of  mortality in critically ill patients. Crit Care Med.
2008;36:3008---13.

31. Waeschle RM, Moerer O,  Hilgers R, Herrmann P, Neumann
P, Quintel M.  The impact of  the severity of sepsis on the
risk of  hypoglycaemia and glycaemic variability. Crit Care.
2008;12:R129.

32. Bochicchio GV, Sung J, Joshi M,  Bochicchio K,  Johnson SB, Meyer
W, et  al. Persistent hyperglycemia is predictive of  outcome in
critically ill trauma patients. J Trauma. 2005;58:921---4.

33. Krinsley JS. Glycemic variability and mortality in critically
ill patients: the  impact of diabetes. J  Diabetes Sci Technol.
2009;3:1292---301.

34. Siroen MP, van Leeuwen PA,  Nijveldt RJ, Teerlink T, Wouters PJ,
Van den Berghe G. Modulation of asymmetric dimethylarginine
in critically ill patients receiving intensive insulin treatment: a
possible explanation of  reduced morbidity and mortality. Crit
Care Med. 2005;33:504---10.

35. Risso A, Mercuri F, Quagliaro L, Damante G,  Ceriello A. Inter-
mittent high glucose enhances apoptosis in human umbilical
vein endothelial cells in culture. Am  J Physiol Endocrinol Metab.
2001;281:E924---30.

36. Quagliaro L, Piconi L,  Assaloni R, Martinelli L,  Motz E, Ceriello A.
Intermittent high glucose enhances apoptosis related to oxida-
tive stress in human umbilical vein endothelial cells. The role
of protein kinase C and NAD(P)H-oxidase activation. Diabetes.
2003;52:2795---804.

37. Monnier L, Mas E, Ginet C, Michel F,  Villon L,  Cristol JP, et al.
Activation of oxidative stress by acute glucose fluctuations com-
pared with sustained chronic hyperglycemia in patients with
type 2 diabetes. J Am Med Assoc. 2006;295:1681---7.

38. Boord JB,  Graber AL, Christman JW, Powers AC. Practical man-
agement of  diabetes in critically ill patients. Am J  Respir Crit
Care Med. 2001;164:1763---7.

39. Vriesendorp TM, DeVries JH, van Santen S, Moeniralam HS,
de Jonge E, Roos YB, et al. Evaluation of short-term conse-
quences of  hypoglycemia in an intensive care unit. Crit Care
Med. 2006;34:2714---8.

40. Bagshaw SM, Bellomo R, Jacka MJ, Egi  M,  Hart GK, George C,
et al. The impact of early hypoglycemia and blood glucose vari-
ability on  outcome in critical illness. Crit Care. 2009;13:R91.

41. Eslami S,  de Keizer NF, de Jonge E, Schultz MJ, Abu-
Hanna A. A systematic review on  quality indicators for
tight glycaemic control in critically ill patients: need for
an unambiguous indicator reference subset. Crit Care. 2008;
12:R139.

42. Van Cromphaut S,  Wilmer A, van den Berghe G. Intensive insulin
therapy for patients with sepsis in the ICU? N  Engl J  Med.
2007;356:1179---81.

43. Van den Berghe G,  Wilmer A, Milants I,  Wouters PJ, Bouck-
aert B, Bruyninckx F, et  al. Intensive insulin therapy in
mixed medical/surgical ICU: benefit versus harm. Diabetes.
2006;55:3151---9.

44. Devos P, Ledoux D, Preiser JC.  Current practice of  glycaemia
control in European intensive care units (ICUs): the GLU-
CONTROL Steering Committee. Intensive Care Med. 2005;
31:130.

45. Krinsley JS, Grover A. Severe hypoglycemia in critically
ill patients: risk factors and outcomes. Crit Care Med.
2007;35:2262---7.

http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0290
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0295
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0300
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0305
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0310
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0315
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0320
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0325
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0330
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0335
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0340
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0345
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0350
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0355
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0360
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0365
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0370
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0375
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0380
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0385
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0390
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0395
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0400
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0405
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0410
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0415
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0420
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0425
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0430
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0435
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0440
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0445
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0450
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0455
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0460
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0465
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0470
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0475


100  Á.A.  Pérez-Calatayud  et  al.

46. Egi M, Bellomo R, Stachowski E, French C, Hart G, Taori G, et al.
Hypoglycemia and outcome in critical illness. Mayo Clinic Proc.
2010;85:217---24.

47. Krinsley JS, Schultz MJ, Spronk PE, van BraamHouckgeest F,
van der Sluijs JP,  Mélot C, et  al. Mild hypoglycemia is  indepen-
dently associated with increased mortality in the critically ill.
Crit Care. 2011;15:R173.

48. Herlein JA, Morgan DA, Phillips BG, Haynes WG, Sivitz
WI. Antecedent hypoglycemia, catecholamine depletion, and
subsequent sympathetic neural responses. Endocrinology.
2006;147:2781---8.

49. VanVught LA, Wiewel MA, Klein Klouwenberg PMC, Hoogendijk
AJ, Scicluna BP, Ong DS, et al. On behalf of the molecular
diagnosis and risk stratification of sepsis consortium: admis-
sion hyperglycemia in critically ill sepsis patients: Association
with outcome and host response. Crit Care Med. 2016;44:
1338---46.

50. Yamada T, Shojima N, Noma H, Yamauchi T, Kadowaki
T. Glycemic control, mortality, and hypoglycemia in  criti-
cally ill  patients: a systematic review and network meta-
analysis of  randomized controlled trials. Intensive Care Med.
2016.

http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0480
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0485
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0490
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0495
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500
http://refhub.elsevier.com/S2444-0507(17)30002-5/sbref0500

	Metabolic control in the critically ill patient an update: Hyperglycemia, glucose variability hypoglycemia and relative hy...
	Background
	Methods
	Epidemiology
	Pathology
	The adverse effects of hyperglycemia
	Insulin therapy protocols
	Scientific evidence
	Glycemia variability
	Hypoglycemia
	Glycemia control targets
	Conclusion
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests

	References

