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Abstract
Background:  The  influence  of  different  crystalloid  solutions  infused  during  deceased-donor  kid-
ney transplant  on  the  incidence  of  delayed  graft  function  remains  unclear.  We  investigated
the influence  of  Plasma-Lyte® vs.  0.9%  saline  on  the  incidence  of  delayed  graft  function  in
deceased-donor  kidney  transplant  recipients.
Methods:  We  conducted  a  single-blind  randomized  controlled  trial  of  104  patients  aged  18  to
65 years  who  underwent  deceased-donor  kidney  transplant  under  general  anesthesia.  Patients
were randomly  assigned  to  receive  either  Plasma-Lyte® (n  =  52)  or  0.9%  saline  (n  =  52),  at
the same  infusion  volume,  for  intraoperative  fluid  replacement.  The  primary  outcome  was  the
occurrence  of  delayed  graft  function.  Secondary  outcomes  included  metabolic  and  electrolytic
changes at  the  end  of  surgery.
Results:  Two  patients  in  the  Plasma-Lyte® group  and  one  in  the  0.9%  saline  group  died  post-
operatively  and  were  not  included  for  analysis.  The  incidence  of  delayed  graft  function  in
Plasma-Lyte® and  0.9%  saline  groups  were  60.0%  (95%  Confidence  Interval  [95%  CI  46.2---72.4])
and 74.5%  (95%  CI  61.1---84.4),  respectively  (p  =  0.140).  Mean  (standard  deviation)  values  of

immediate  postoperative  pH  and  serum  chloride  levels  in  Plasma-Lyte® and  0.9%  saline  groups
were 7.306  (0.071)  and  7.273  (0.061)  (p  =  0.013),  and  99.6  (4.2)  mEq.L-1 and  103.3  (5.6)  mEq.L-1,
respectively  (p  <  0.001).  All  other  postoperative  metabolic  and  electrolyte  variables  were  not
statistically  different  at  the  immediate  postoperative  period  (p  >  0.05).
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P.  do  Nascimento  Junior,  L.E.  Dohler,  C.M.  Ogawa  et  al.

Conclusion:  In  deceased-donor  kidney  transplant  recipients,  the  incidence  of  delayed  graft
function is  not  influenced  by  Plasma-Lyte® or  0.9%  saline  used  for  intraoperative  fluid  replace-
ment.
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  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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idney  transplant  provides  an  important  treatment  option
or  patients  with  end-stage  renal  disease,  with  an
ncrease  in  5-year  survival  compared  to  those  who
emain  on  dialysis.1,2 In  addition,  transplant  recipients
ave  an  important  improvement  in  quality  of  life  in
erms  of  physical,  psychosocial,  and  overall  well-being
erceptions.3

In  the  United  States,  in  2018,  approximately  60%  of
atients  waiting  for  an  organ  transplant  were  in  the  kidney
aiting  list,  and  most  of  the  performed  transplants  were

rom  deceased  donors.4 In  Brazil,  kidney  transplant  was
he  most  common  solid  organ  transplant  performed  in  2019
nd  approximately  80%  of  these  organs  were  from  deceased
onors.5

Deceased-donor  kidney  transplant  is  still  associated  with
ome  challenges  in  postoperative  management,  especially
he  occurrence  of  delayed  graft  function.  This  is  a  form
f  acute  kidney  injury  that  occurs  immediately  after  the
ransplant,  affecting  up  to  80%  of  deceased-donor  graft
ecipients.6---8 Morbidity  and  mortality  increase  with  this
ondition,  which  alone  represents  a  risk  factor  for  acute
ejection  and  long-term  graft  survival.9

Intraoperative  fluid  replacement  has  important  hemody-
amic  implications  and  impact  on  postoperative  morbidity.
n  kidney  transplant,  fluid  replacement  solutions  must  be
sed  with  caution,  avoiding  fluid  overload  and  providing
ood  renal  perfusion  and  good  kidney  function  to  allow  early
iuresis,  which  is  an  important  prognostic  factor  associated
ith  early  and  1-year  graft  function.10,11 Isotonic  saline  solu-

ions  can  cause  hyperchloremic  acidosis  accompanied  by
yperkalemia  if  compared  to  the  same  volume  of  lactated
inger’s  solution.12 Plasma-Lyte® is  a  crystalloid  solution
imilar  to  plasma  in  electrolyte  concentration,  osmolarity,
nd  pH.  This  solution  has  been  shown  to  better  maintain  the
cid-base  balance  in  major  abdominal  surgery  and  even  in
idney  transplant.13,14

Current  knowledge  of  the  results  of  the  use  of  different
uid  replacement  solutions  in  kidney  transplant  is  limited
o  metabolic  and  acid-base  changes.  Few  studies  have  eval-
ated  the  impact  of  using  different  crystalloid  solutions
n  post-transplant  complications,  and  none  have  evaluated
heir  impact  on  the  incidence  of  delayed  graft  function  and
ts  duration.

This  study  aimed  to  compare  the  influence  of  two  crys-
alloid  solutions  used  for  intraoperative  fluid  replacement,
lasma-Lyte® vs.  0.9%  saline,  on  the  incidence  of  delayed

raft  function  in  deceased-donor  kidney  transplant  recip-
ents.  We  also  evaluated  the  influence  of  these  solutions
n  immediate  postoperative  acid-base  and  electrolyte  bal-
nce.
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articipants  and  eligibility  criteria

fter  approval  by  the  Research  Ethics  Committee  of  our
nstitution,  we  conducted  a  single-blind,  randomized,  con-
rolled  trial  of  adult  patients  undergoing  deceased-donor
idney  transplant.  The  trial  was  designed  and  reported
ccording  to  the  Consolidated  Standards  of  Reporting  Trials
CONSORT)  statement  and  is  registered  at  the  Brazilian
linical  Trials  Registry  platform  (ReBEC,  number  RBR-
t7r5p,  https://ensaiosclinicos.gov.br/rg/RBR-9t7r5p).  We
rospectively  included  patients  in  the  study  from  July  2017
o  July  2019.

Eligible  participants  were  all  patients  aged  18  to  65
ears,  of  both  sexes,  with  American  Society  of  Anesthe-
iologists  (ASA)  physical  status  III  and  IV,  and  on  regular
emodialysis  for  treating  end-stage  renal  disease.  Patients
ith  hemoglobin  <  8  g.dL-1 at  the  time  of  admission  for

ransplant  were  excluded.  During  preanesthetic  evaluation,
atients  were  informed  of  the  study  purpose  and  proce-
ures,  and  those  interested  in  participating  provided  written
nformed  consent  for  enrollment  in  the  study.

nterventions

n  the  operating  room,  patients  were  monitored  with  a
ardioscope,  pulse  oximeter,  automated  noninvasive  blood
ressure  monitor,  and  capnograph  with  a  gas  analyzer  after
racheal  intubation.  A  peripheral  venous  line  was  obtained
ith  a  16G  or  18G  catheter.  After  the  induction  of  anesthe-

ia  and  after  the  performance  of  the  Allen’s  test,  invasive
lood  pressure  was  monitored  with  the  insertion  of  a  20G
atheter  in  one  of  the  radial  arteries.  The  use  of  a  central
ntravenous  line  was  obtained  according  to  clinical  judgment
f  the  anesthesiologists.

Patients  in  both  groups  underwent  balanced  general
nhalational  anesthesia.  Induction  of  anesthesia  was  stan-
ardized  for  all  patients,  who  received  midazolam  (3  to

 mg,  intravenously  [IV]),  fentanyl  (5  �g.kg-1 IV),  etomi-
ate  (0.3  mg.kg-1 IV),  and  cisatracurium  (0.15  mg.kg-1IV).
nesthesia  was  maintained  with  remifentanil  (0.1  to
.3  �g.kg-1. min-1 IV)  and  isoflurane  at  an  alveolar  concen-
ration  of  1.2  to  1.6%,  fresh  gas  flow  of  1.6  L.min-1,  and
raction  of  inspired  oxygen  of  40%.  Additional  doses  of
isatracurium  were  administered  according  to  clinical  judg-

ent.  Ventilation  was  controlled  with  a  tidal  volume  of

 mL.kg-1,  calculated  according  to  ideal  body  weight,  with
he  respiratory  rate  necessary  to  maintain  the  fraction  of
xpired  carbon  dioxide  between  30  and  40  mmHg.

2

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://ensaiosclinicos.gov.br/rg/RBR-9t7r5p


Brazilian  Journal  of  Anesthesiology  2022;72(6):711---719

Figure  1  Flow  diagram  for  controlling  the  administration  of  crystalloids  according  to  invasive  Mean  Arterial  Pressure  (MAP)  and
Pulse Pressure  Variation  (PPV).  Administer  5  mL.kg-1.h-1 of  the  drawn  solution.  *If  the  patient  is  permanently  with  MAP  <  75  mmHg
(after 5  boluses  of  150  mL  and/or  50  mg  of  ephedrine),  initiate  norepinephrine  and  do  not  administer  additional  boluses  (unless
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ndicated by  the  analysis  of  other  clinical  criteria:  heart  rate;  p
f any).

In  the  operating  room,  the  solution  to  be  administered
as  randomly  drawn  for  each  patient  using  previously  sealed
paque  envelopes  containing  the  name  of  the  crystalloid  to
e  used.  The  anesthesiologist  was  not  blinded  to  the  solu-
ion  to  be  used.  The  volume  of  crystalloid  infused  in  each
atient  was  5  mL.kg-1.h-1,  and  the  necessary  adjustments
ere  guided  by  mean  arterial  pressure  and  pulse  pressure
ariation,  according  to  the  protocol  established  for  this
tudy  (Fig.  1).  Thus,  the  patients  differed  only  in  the  type
f  crystalloid  solution,  either  Plasma-Lyte® (n  =  52)  (bal-
nced  crystalloid  solution  containing  140  mEq.L-1 sodium,

 mEq.L-1 potassium,  3  mEq.L-1 magnesium,  98  mEq.L-1

hloride,  27  mEq.L-1 acetate,  and  23  mEq.L-1 gluconate;

smolarity  =  294  mOsmol.L-1 and  pH  =  7.4)  or  0.9%  saline
n  =  52)  (crystalloid  solution  with  154  mEq.L-1 sodium  and
54  mEq.L-1 chloride;  osmolarity  =  308  mOsmol.L-1 and
H∼5.5).  The  use  of  packed  red  blood  cells  was  indicated
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heral  perfusion;  mucous  membranes;  central  venous  pressure,

hen  the  hemoglobin  concentration  was  below  8  mg.dL-1

uring  surgery  or  according  to  clinical  judgment.  The  use
f  other  blood  components  as  well  as  the  correction  of  low
erum  calcium  values  were  done  at  the  discretion  of  the
nesthesiologist.

All  patients  received  40  mg  of  intravenous  furosemide
nd  0.5  g.kg-1 of  20%  mannitol  solution  5  to  10  minutes
efore  completion  of  the  arterial  anastomosis.  Immunosup-
ression  followed  the  institution’s  protocol.

For  postoperative  analgesia,  patients  received  tramadol
100  mg  IV),  metamizole  (2  g  IV)  and  morphine  (0.05  mg.kg-1

V)  as  a  rescue  treatment.  The  prophylaxis  for  postopera-
ive  nausea  and  vomiting  was  provided  with  ondansetron

8  mg  IV)  and  metoclopramide  (10  mg  IV)  administered  at
he  end  of  the  surgical  procedure.  We  did  not  plan  to  reverse
euromuscular  block,  but  it  could  be  done  according  to  clin-
cal  judgment.  With  return  of  adequate  ventilatory  function
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P.  do  Nascimento  Junior,  L

nd  after  awakening,  patients  were  extubated  and  taken
o  the  postanesthesia  care  unit,  where  they  stayed  for  at
east  90  minutes.  Patients  were  discharged  to  the  ward  after
chieving  a  score  of  9  or  10  on  the  Aldrete-Kroulik  scale.

After  surgery,  patients  with  diuresis  received  0.45%  saline
n  a  volume  corresponding  to  80%  of  the  volume  of  diuresis
bserved  in  the  preceding  hour.  This  fluid  replacement  strat-
gy  was  applied  every  hour  for  12  hours  following  transplant.
atients  who  remained  without  diuresis  received  no  par-
nteral  solution.  Twelve  hours  after  transplant,  all  patients
ere  started  on  a  light  diet  as  tolerated.

utcomes

he  primary  outcome  was  the  occurrence  of  delayed  graft
unction,  defined  as  the  need  for  postoperative  dialysis
ithin  7  days  of  transplant,  assessed  in  a  dichotomous
anner  (i.e.,  yes/no).  Secondary  outcomes  included  the
uration  of  delayed  graft  function  (in  days,  assessed  as
he  time  elapsed  from  transplant  to  the  last  postoperative
ialysis  session  before  hospital  discharge),  the  number  of
ialysis  sessions  after  transplant,  and  acid-base  and  elec-
rolyte  changes  determined  by  the  solutions  at  the  end  of
he  surgical  procedure  (immediate  postoperative  period).  To
his  end,  arterial  and  venous  blood  samples  were  collected

 hour  before  surgery  (preoperative  period)  and  at  the  end  of
he  surgical  procedure.  Blood  pH,  sodium  bicarbonate,  and
xcess  base  values  were  considered  in  this  analysis.  We  also
nalyzed  sodium,  potassium,  chloride,  and  calcium  levels.

Evaluators  blinded  to  group  allocation  assessed  all  the
utcomes.  The  variables  used  to  control  sample  homogene-
ty  were  the  time  of  the  last  dialysis  session  performed
efore  transplant,  operative  time,  graft  cold  ischemia  time,
nd  venous  and  arterial  anastomosis  time.

tatistical  analysis

o  detect  a  reduction  of  50%  in  the  incidence  of  delayed
raft  function  with  the  use  of  Plasma-Lyte® compared  with
.9%  saline,  considering  that  60%  of  deceased-donor  kid-
ey  transplant  recipients  develop  this  condition,  with  a
ower  of  80%  and  significance  level  of  5%,  a  sample  size
f  at  least  49  patients  per  group  was  necessary  to  test  the
ypothesis.  Thus,  the  total  number  of  patients  was  divided
nto  two  groups  with  a  1:1  allocation  ratio  by  electronic
andomization  using  13  blocks  of  eight  patients,  with  an
qual  distribution  of  groups  in  each  block  (52  patients  per
roup).  The  allocation  sequence  was  concealed  by  placing
he  results  in  opaque  and  sealed  envelopes  that  were  opened
nly  in  the  operating  room.  The  envelopes  were  sequen-
ially  numbered  from  1  to  104,  and  the  study  followed  the
umerical  order  of  the  envelopes.

Qualitative  variables  were  compared  by  the  Chi-Square
est  for  proportions.  The  Shapiro-Wilk  test  was  assessed
or  normality.  Quantitative  variables  were  compared  by
ndependent  or  paired  Student’s  t-test,  as  appropriated.

on-normally  distributed  values  were  compared  by  Mann-
hitney  test  for  independent  variables.  A  p-value  <  0.05
as  considered  statistically  significant  (GraphPad  Prism  7.0,
an  Diego,  CA,  USA).
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esults

f  all  104  randomized  patients,  three  patients  (two  in  the
lasma-Lyte® group  and  one  in  the  0.9%  saline  group)  died
f  surgical  complications  in  the  immediate  postoperative
eriod  and  were  not  included  in  the  statistical  analysis.  In
oth  groups,  some  blood  analyses  were  not  done  due  to  clot-
ed  or  inappropriate  blood  samples.  Patient  recruitment  and
he  randomization  flow  diagram  are  summarized  in  Figure  2.

The  groups  did  not  differ  in  demographic  characteristics
Table  1)  or  intraoperative  variables  (Table  2).

There  was  no  statistically  significant  difference  in  the
ncidence  of  delayed  graft  function  between  the  two  groups.
he  number  of  postoperative  dialysis  sessions  up  to  patient
ischarge  was  not  different  between  groups,  neither  was
he  number  of  elapsed  days  until  the  last  postoperative
ialysis  session,  before  hospital  discharge  (Table  3).  The
mmediate  postoperative  pH  values  were  significantly  differ-
nt  between  groups,  with  higher  values  in  the  Plasma-Lyte®

roup.  The  analysis  of  serum  chloride  levels  showed  a  sta-
istically  significant  difference  in  both,  preoperative  and
mmediate  postoperative  values  between  groups.  Although
ot  statistically  significant,  as  compared  to  their  own  pre-
perative  values,  postoperative  serum  chloride  levels  were
educed  in  the  Plasma-Lyte® group,  while  they  increased  in
he  0.9%  saline  group.  No  other  significant  differences  were
een  in  immediate  postoperative  electrolytes  or  acid-base
alance  between  groups  (Table  4).

iscussion

hanges  in  the  acid-base  and  electrolyte  balance  are
requently  observed  during  the  perioperative  period,
egardless  of  the  type  of  surgery.  Multiple  factors  can  affect
uid  homeostasis  and  renal  function,  including  preoper-
tive  fasting  time,  insensible  losses,  underlying  disease,
urgical  site,  the  magnitude  of  the  surgical  procedure,  and
ntravenous  fluid  type  and  volume.15 Administration  of  intra-
enous  solutions  is  one  of  the  factors  that  can  be  controlled
y  the  anesthesiologist,  particularly  the  use  of  crystalloid
olutions.

The  use  of  solutions  with  supraphysiological  concentra-
ions  of  chloride,  such  as  0.9%  saline,  increases  the  filtered
oad  of  sodium  chloride,  which  leads  to  an  increased  detec-
ion  of  chloride  in  the  dense  macula  at  the  end  of  the
ephron.  This  situation  is  followed  by  the  release  of  signaling
ubstances  (such  as  adenosine)  by  the  macula  densa.  These
ediators  increase  the  tone  of  the  afferent  arteriole  (vaso-

onstriction)  and,  consequently,  decrease  the  glomerular
lood  flow  and  glomerular  filtration  rate.  The  importance  of
his  pathophysiological  mechanism  was  discussed  in  a  review
onducted  by  Mårtensson  and  Bellomo.16 In  this  review,  some
tudies  comparing  chloride-rich  solutions  with  restrictive
hloride  administration  showed  a decrease  in  acute  kid-
ey  injury  incidence  when  less  chloride  was  administered.
hese  studies  involved  patients  in  intensive  care  unit  or
ndergoing  major  surgery,  and  for  this  reason,  a  direct  com-

arison  with  our  results  cannot  be  done.  Similarly,  to  our
esults,  a systematic  review  of  randomized  controlled  tri-
ls  examining  the  effect  of  lower-chloride  solutions  versus
ormal  saline  on  delayed  graft  function,  hyperkalemia,  and

4
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Figure  2  CONSORT  flow  diagram.

Table  1  Patients’  characteristics.

Characteristic  Plasma-Lyte® group  (n  =  50)  0.9%  saline  group  (n  =  51)  p-value

Sex  (female)  20  (40.0)  19  (37.3)  0.839
Age (years)  45.9  (10.7)  47.2  (10.5)  0.533
Height (cm)  167.6  (8.0)  167.1  (8.8)  0.799
Dry weight  (kg)  71.0  (12.8)  74.6  (13.5)  0.171
Current weight  (kg)  71.5  (13.0)  75.9  (13.7)  0.108
Graft cold  ischemia  time  (h)  23  (4)  23  (7)  0.826
Time since  last  dialysis  (h)  15  (4---48)  13  (2---32)  0.634
Main associated  clinical  conditions

Hypertension  40  (80.0)  40  (78.4)  1.000
Diabetes mellitus  13  (26.0)  11  (21.6)  0.645
Smoker 5  (10.0)  12  (23.5)  0.109
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Values are presented as absolute number (percentage), mean (Sta

cid-base  status  in  kidney  transplant  recipients  showed  no
ifference  on  the  incidence  of  delayed  graft  function.17

onetheless,  this  systematic  review  included  three  small
tudies  not  designed  to  evaluate  delayed  graft  function  and
lso  performing  living-donor  transplantation.  Overall,  the

ncidence  of  delayed  graft  function  reported  in  this  system-
tic  review  was  very  low,  usually  that  seen  with  living-donor
idney  transplants.  So  far,  no  randomized  prospective  stud-

t
m
b

71
d Deviation [SD]), or median (1st---3rd quartiles).

es  have  yet  been  designed  to  analyze  the  incidence  of
elayed  graft  function  comparing  solutions  with  different
hloride  concentrations.

The  fact  that  the  administration  of  solutions  with  a  higher
hloride  concentration  in  the  perioperative  period  leads

o  worsening  renal  function  in  the  postoperative  period  of
ajor  surgery  has  been  a  matter  of  debate.  The  results  have
een  conflicting  even  in  patients  at  higher  risk  for  postopera-

5
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Table  2  Intraoperative  variables.

Variable  Plasma-Lyte®

group  (n  =  50)
0.9%  saline
group  (n  =  51)

p-value

Operative  time  (min)  212  (39)  208  (42)  0.578
Anesthesia  time  (min) 282  (55) 269  (41)  0.167
Venous anastomosis  time  (min)  26  (11)  26  (10)  0.953
Arterial anastomosis  time  (min)  25  (9)  26  (11)  0.664
Total volume  of  crystalloid  administered  intraoperatively  (mL)  1.628  (595)  1.627  (532)  0.996
Administration  of  packed  red  blood  cells  (n)  2  (4.0)  1  (1.9)  0.617
Use of  vasopressors  (n)  33  (66.0)  36  (70.6)  0.672
Correction of  calcium  (n)  6  (12.0)  10  (19.6)  0.414

Values are presented as absolute number (percentage) or mean (SD). n, number of patients.

Table  3  Perioperative  variables.

Variable  Plasma-Lyte®

group  (n  =  50)
0.9%  saline
group  (n  =  51)

p-value

Delayed  graft  function  (n) 30  (60.0  [46.2---72.4]) 38  (74.5  [61.1---84.4])  0.140
Weight gain  on  postoperative  day  1  (kg) 1.6  (1.9) 2.2  (2.3) 0.136
First dialysis  session  after  surgery  (days)a 3  (2---4) 2  (2---3) 0.292
Postoperative  dialysis  (n)a 3  (2---4) 3  (2---4) 0.719
Last postoperative  dialysis  session  before  hospital  discharge  (d)a 6  (5---11) 7  (5---11) 0.433
Length of  hospital  stay  (days) 13  (9---17) 17  (11---21) 0.061

Values are presented as number (percentage [95% Confidence Interval]), mean (SD), or median (1st---3rdquartiles). n, number of patients;
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a Refer to 30 and 38 patients with delayed graft function in the 

ive  renal  dysfunction.18 However,  in  experimental  models,
he  use  of  high  volumes  of  solutions  with  a  high  chloride
oncentration  was  unable  to  show  worsening  of  hemodynam-
cs  and  renal  function  compared  to  balanced  solutions  with

 lower  chloride  concentration.19,20

The  use  of  balanced  solutions  with  a  pH  equal  or  close
o  7.0  has  been  associated  with  fewer  changes  in  ions  and
cid-base  balance,  especially  in  kidney  transplant.21,22 In  our
tudy,  higher  postoperative  pH  values  and  lower  serum  chlo-
ide  values  were  observed  for  the  Plasma-Lyte® group.  The
ifference  in  the  serum  chloride  values  between  the  groups
as  already  noted  in  the  preoperative  analysis.  Nonetheless,

t  was  enhanced  in  the  immediate  postoperative  period  as
here  was  a  decrease  in  the  serum  chloride  values  in  the
lasma-Lyte® group  and  an  increase  in  its  values  in  the  0.9%
aline  group.  These  interpretations  have  to  be  done  consid-
ring  the  losses  in  blood  sample  tests  and  a  smaller  number
f  subjects  analyzed  than  those  for  the  primary  outcome.
e  considered  these  changes  to  be  mild,  as  no  immediate

linical  intervention  was  judged  necessary  to  correct  them.
The  present  trial  showed  a  mean  reduction  of  approx-

mately  15%  in  the  incidence  of  delayed  graft  function  in
eceased-donor  kidney  transplant  recipients  who  received
lasma-Lyte® as  fluid  replacement  therapy  compared  with
hose  who  received  0.9%  saline.  Even  considering  this  differ-
nce,  this  outcome  did  not  have  statistical  significance  and,
or  this  reason,  the  Plasma-Lyte® solution  cannot  be  consid-

red  superior  to  the  0.9%  saline  solution  on  the  reduction  of
he  incidence  of  delayed  graft  function.

We  also  showed  a  mean  reduction  of  approximately
4%  in  length  of  hospital  stay  but  this  difference  was

e
a
r
o

71
a-Lyte® and 0.9% saline groups, respectively.

ot  statistically  significant,  either.  Length  of  hospital  stay
s  associated  with  increased  susceptibility  to  surgical  site
nfections  and  consequently  increased  patient  mortality  and
orbidity,23,24 which  is  particularly  concerning  in  patients

eceiving  immunosuppressive  therapy,  such  as  kidney  trans-
lant  recipients.  Nonetheless,  similarly  to  the  findings  for
elayed  graft  function,  according  to  the  statistical  analy-
is,  the  Plasma-Lyte® solution  does  not  reduce  the  length
f  hospital  stay  when  compared  to  the  0.9%  saline  solu-
ion.

Administering  intravenous  fluids  to  patients  undergoing
idney  transplant  is  a  complex  process  that  goes  beyond
he  crystalloid  type  and  infusion  regimen.  We  based  our
uid  infusion  on  hemodynamic  goals,  but  there  is  not  a
onsensus  on  this  issue.  Goal-directed  fluid  therapy  has
hown  a  reduction  in  postoperative  complications,  length
f  hospital  stays,  mortality,  and  hospital  costs  in  high-risk
urgical  patients.25 Even  though  the  infusion  of  crystal-
oids  guided  by  central  venous  pressure  resulted  in  better
hort-term  renal  function  in  kidney  transplants  from  living
onors,26 recent  studies  have  provided  more  questions  than
nswers.27

The  comparative  analysis  of  electrolyte  and  acid-base
hanges  between  the  Plasma-Lyte® and  0.9%  saline  groups
howed  that  our  regimen  of  crystalloid  infusion,  as  a  goal-
irected  therapy,  ended  up  in  a  total  amount  of  fluid  infused
nable  to  promote  major  changes  in  the  acid-base  and

lectrolyte  balance.  The  occurrence  of  minimal  changes,
ccording  to  the  range  of  variation,  especially  in  serum  chlo-
ide  and  pH  values,  may  justify,  at  least  in  part,  the  absence
f  statistical  differences  in  the  primary  outcome.
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Table  4  Variables  related  to  intraoperative  acid-base  and  electrolyte  balance.

Variable  Plasma-Lyte®

group  (n  =  42)
0.9%  saline
group  (n  =  43)

Between-group
difference

p-value

pH
Preoperative 7.363  (0.070) 7.340  (0.070)  0.023  (-0.005  to  0.051)  0.109
Postoperative  7.306  (0.071)  7.273  (0.061)  0.033  (0.007  to  0.059)  0.013
Intragroup variation  0.057  (0.029  to  0.085)  0.067  (0.042  to  0.093)  0.339
p-value <  0.001  <  0.001

Base excess  (mEq.L-1)
Preoperative  -1.9  (4.4)  -3.3  (4.1)  1.4  (-0.28  to  3.08)  0.117
Postoperative  -4.6  (4.3)  -6.0  (4.5)  1.4  (-0.34  to  3.14)  0.115
Intragroup variation  2.7  (0.94  to  4.37)  2.7  (1.03  to  4.41)  0.642
p-value 0.002  0.002

Sodium  bicarbonate  (mEq.L-1)
Preoperative  22.9  (3.5)  21.3  (4.1)  1.6  (0.09  to  3.11)  0.039
Postoperative  20.7  (3.3)  19.6  (3.0)  1.1  (-0.15  to  2.35)  0.087
Intragroup variation  2.2  (0.86  to  3.58)  1.7  (0.28  to  3.10)  0.439
p-value 0.001  0.018

Sodium  (mEq.L-1)
Preoperative  138.7  (4.0)  140.9  (4.0)  -2.2  (-3.78  to  -0.62)  0.008
Postoperative 134.8  (3.6)  135.7  (4.6)  -0.9  (-2.53  to  0.73)  0.275
Intragroup variation 3.93  (2.39  to  5.46) 5.13  (3.41  to  6.86)  0.067
p-value < 0.001  <  0.001

Potassium  (mEq.L-1)
Preoperative 4.9  (0.8) 5.0  (0.8) -0.1  (-0.42  to  0.22)  0.598
Postoperative 5.1  (0.9) 5.1  (0.8)  0  (-0.34  to  0.34)  0.934
Intragroup variation -0.18  (-0.52  to  0.16) -0.11  (-0.42  to  0.20) 0.811
p-value 0.299  0.494

Chloride  (mEq.L-1)
Preoperative 100.8  (4.1) 102.9  (5.5) -2.1  (-4.02  to  -0.18) 0.033
Postoperative  99.6  (4.2)  103.3  (5.6)  -3.7  (-5.66  to  -1.74)  <  0.001
Intragroup variation  1.2  (-0.50  to  2.91)  -0.4  (-2.65  to  1.87)  0.084
p-value 0.164  0.733

Calcium  (mg.dL-1)
Preoperative  9.5  (1.2)  9.5  (1.6)  0  (-0.56  to  0.56)  0.996
Postoperative  8.2  (1.6)  8.0  (2.2)  0.2  (-0.56  to  0.96)  0.644
Intragroup variation  1.2  (0.65  to  1.82)  1.4  (0.66  to  2.17)  0.618
p-value <  0.001  <  0.001
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and between group difference is Plasma-Lyte® group minus 0.9% s

The  extent  of  ischemia-reperfusion  injury  causing
elayed  graft  function  is  a  multifactorial  process  in  which
he  contribution  of  the  individual  components  has  not
een  fully  elucidated  because  many  factors  are  interre-
ated.  Cold  ischemia  time  (time  interval  between  organ
old  storage  and  warming  by  restoration  of  blood  flow)  is
onsidered  one  of  the  most  important  factors  contributing
o  the  occurrence  of  delayed  graft  function  after  kidney
ransplant.  Prospective  complement-dependent  cytotoxic-
ty  crossmatching  accounts  for  most  of  the  time  consumed.28

n  our  study,  the  long  cold  ischemia  time  seen  in  both  groups
ay  have  contributed  to  the  high  incidence  of  delayed  graft

unction.  Delayed  graft  function  remains  a  cause  of  great
oncern  due  to  its  implications  for  the  patient  and  the  health

are  system.  Given  the  wide  variety  of  agents  involved,  Irish
t  al.29 developed  a  model  to  predict  the  risk  of  delayed
raft  function  using  donor  and  recipient  data  at  the  time  of
ransplant.  They  found  that  the  main  risk  factors  are  cold

t
t
o
s

71
. Intragroup variation is preoperative minus postoperative values,
 group.

schemia  time,  donor  serum  creatinine,  recipient  body  mass
ndex,  deceased  donor,  and  donor  age  greater  than  16  years.

The  type  of  intravenous  fluid  used  intraoperatively  adds
 new  element  to  be  investigated  in  the  list  of  causes  of
elayed  kidney  graft  function.  With  the  same  purpose  of  our
tudy,  i.e.,  elucidating  whether  a  simple  measure  such  as
hanging  the  fluid  to  be  used  during  a  renal  transplant  could
nfluence  the  incidence  of  delayed  graft  function,  Collins
t  al.,30 in  a  multi-center  ongoing  trial,  are  comparing  a  bal-
nced  low-chloride  fluid  (Plasma-Lyte®)  with  the  traditional
.9%  saline  in  deceased-donor  kidney  transplant.  Their  trial
ill  allow  to  overcome  some  limitations  of  the  present  study,

uch  as  the  limited  sample  size  and  the  fact  that  it  was  con-
ucted  in  a  single  center  and  allow  the  generalization  of

he  results  to  the  population  of  patients  undergoing  kidney
ransplant.  Other  limitation  of  our  study,  involving  our  sec-
ndary  outcomes,  was  the  inability  to  analyze  some  blood
amples  due  to  clotting  or  insufficient  blood.
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onclusions

n  deceased-donor  kidney  transplant  recipients,  the  inci-
ence  of  delayed  graft  function  is  not  influenced  by  the
olution  used  for  intraoperative  fluid  replacement,  Plasma-
yte® or  0.9%  saline.  A  small  reduction  in  immediate
ostoperative  serum  chloride  values  together  with  higher  pH
alues  are  also  observed  in  patients  receiving  Plasma-Lyte®.

unding

he  study  was  approved  by  the  Research  Ethics  Commit-
ee  of  Botucatu  School  of  Medicine,  Universidade  Estadual
aulista,  Brazil  (UNESP,  protocol  number  1.874.338  and
lataforma  Brasil  CAAE  number  62033816.0.0000.5411).

The  trial  was  designed  and  reported  according  to
he  Consolidated  Standards  of  Reporting  Trials  (CONSORT)
tatement  and  is  registered  at  the  Brazilian  Clini-
al  Trials  Registry  platform  (ReBEC,  number  RBR-9t7r5p,
ttps://ensaiosclinicos.gov.br/rg/RBR-9t7r5p).

uthors contributions

onception  and  design:  PNJ,  LED,  LGMA,  NSPM
Analysis  and  interpretation:  PNJ,  LGMA,  LGB,  NSPM
Data  collection:  PNJ,  LED,  CMUO
Writing  the  article:  PNJ,  LED
Critical  revision  of  the  article:  PNJ,  LED,  CMUO,  LGMA,

GB,  NSPM
Final  approval  of  the  article:  PNJ,  LED,  CMUO,  LGMA,

GB,  NSPM
Statistical  analysis:  PNJ
Overall  responsibility:  PNJ

inancing

NJ  had  a  research  grant  from  the  Conselho
acional  de  Desenvolvimento  Científico  e  Tecnológico
CNPq),#305109/2017-0.

onflicts of interest

he  authors  declare  no  conflicts  of  interest.

eferences

1. Schnuelle P, Lorenz D, Trede M, Van Der Woude FJ. Impact of
renal cadaveric transplantation on survival in end-stage renal
failure: evidence for reduced mortality risk compared with
hemodialysis during long-term follow-up. J Am Soc Nephrol.
1998;9:2135---41.

2. Port FK, Wolfe RA, Mauger EA, Berling DP, Jiang K. Comparison
of survival probabilities for dialysis patient’s vs cadaveric renal
transplant recipients. JAMA. 1993;270:1339---43.

3. Dew MA, Switzer GE, Goycoolea JM, et al. Does transplantation
produce quality of life benefits? A quantitative analysis of the
literature. Transplantation. 1997;64:1261---73.
4. Hart A, Smith JM, Skeans MA, et al. OPTN/SRTR 2018 Annual
data report: kidney. Am J Transplant. 2020;20 suppl 1:20---130.

5. Organ Transplantation in Brazil (2012 - 2019). Associação
Brasileira de Transplante de Órgãos (ABTO). Brazilian Trans-

2

71
ohler,  C.M.  Ogawa  et  al.

plantation Registry. XXV(4):1-26. https://site.abto.org.br/
publicacao/rbt-ingles-2019/ [accessed 23 March 2021].

6. Perico N, Cattaneo D, Sayegh MH, Remuzzi G. Delayed graft
function in kidney transplantation. Lancet. 2004;364:1814---27.

7. Siedlecki A, Irish W, Brennan DC. Delayed graft function in the
kidney transplant. Am J Transplant. 2011;11:2279---96.

8. Nga HS, Andrade LGM, Contti MM, Valiatti MF, Silva MMD, Takase
HM. Evaluation of the 1000 renal transplants carried out at
the University Hospital of the Botucatu Medical School (HCFMB)
- UNESP and their evolution over the years. J Bras Nefrol.
2018;40:162---9.

9. Gjertson DW. Impact of delayed graft function and acute rejec-
tion on graft survival. Transplant Proc. 2002;34:2432.

0. Hirata ES, Baghin MF, Pereira RI, Alves Filho G, Udelsmann
A. Influence of the anesthetic technique on the hemodynamic
changes in renal transplantation: a retrospective study. Rev Bras
Anestesiol. 2009;59:166---76.

1. Lai Q, Pretagostini R, Poli L, et al. Early urine output predicts
graft survival after kidney transplantation. Transplant Proc.
2010;42:1090---2.

2. Scheingraber S, Rehm M, Sehmisch C, Finsterer U. Rapid saline
infusion produces hyperchloremic acidosis in patients undergo-
ing gynecologic surgery. Anesthesiology. 1999;90:1265---70.

3. Hadimioglu N, Saadawy I, Saglam T, Ertug Z, Dinckan A. The
effect of different crystalloid solutions on acid-base balance
and early kidney function after kidney transplantation. Anesth
Analg. 2008;107:264---9.

4. Shaw AD, Bagshaw SM, Goldstein SL, et al. Major complications,
mortality, and resource utilization after open abdominal
surgery: 0.9% saline compared to Plasma-Lyte. Ann Surg.
2012;255:821---9.

5. Weinberg L, Li M, Churilov L, et al. Associations of fluid amount,
type, and balance and acute kidney injury in patients undergo-
ing major surgery. Anaesth Intensive Care. 2018;46:79---87.

6. Mårtensson J, Bellomo R. Does fluid management affect the
occurrence of acute kidney injury? Curr Opin Anaesthesiol.
2017;30:84---91.

7. Wan S, Matthew A, Roberts MA, Mount P. Normal saline versus
lower-chloride solutions for kidney transplantation. Cochrane
Database Syst Rev. 2016;9:CD010741.

8. Young P, Bailey M, Beasley R, et al. Effect of a buffered crys-
talloid solution vs saline on acute kidney injury among patients
in the intensive care unit: the SPLIT randomized clinical trial.
JAMA. 2015;314:1701---10.

9. Olivier PY, Beloncle F, Seegers V, et al. Assessment of renal
hemodynamic toxicity of fluid challenge with 0.9% NaCl com-
pared to balanced crystalloid (PlasmaLyte®) in a rat model with
severe sepsis. Ann Intensive Care. 2017;7:66.

0. Wu CY, Chan KC, Cheng YJ, Yeh YC, Chien CT, Research NCoMM.
Effects of different types of fluid resuscitation for hemorrhagic
shock on splanchnic organ microcirculation and renal reactive
oxygen species formation. Crit Care. 2015;19:434.

1. Potura E, Lindner G, Biesenbach P, et al. An acetate-buffered
balanced crystalloid versus 0.9% saline in patients with end-
stage renal disease undergoing cadaveric renal transplantation:
a prospective randomized controlled trial. Anesth Analg.
2015;120:123---9.

2. Pfortmueller CA, Funk GC, Reiterer C, et al. Normal saline ver-
sus a balanced crystalloid for goal-directed perioperative fluid
therapy in major abdominal surgery: a double-blind randomised
controlled study. Br J Anaesth. 2018;120:274---83.

3. Coskun D, Aytac J, Aydinli A, Bayer A. Mortality rate, length of
stay and extra cost of sternal surgical site infections following
coronary artery bypass grafting in a private medical centre in
Turkey. J Hosp Infect. 2005;60:176---9.
4. Mujagic E, Marti WR, Coslovsky M, et al. Associations of hos-
pital length of stay with surgical site infections. World J Surg.
2018;42:3888---96.

8

https://ensaiosclinicos.gov.br/rg/RBR-9t7r5p
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0020
https://site.abto.org.br/publicacao/rbt-ingles-2019/
https://site.abto.org.br/publicacao/rbt-ingles-2019/
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0115


esio

2

2

2

2

2

3

domized controlled trial evaluating the effect of intravenous
fluid therapy with Plasma-Lyte 148 versus 0.9% saline on delayed
graft function in deceased donor kidney transplantation. Trials.
Brazilian  Journal  of  Anesth

5. Gurgel ST, do Nascimento P. Maintaining tissue perfusion in
high-risk surgical patients: a systematic review of randomized
clinical trials. Anesth Analg. 2011;112:1384---91.

6. Othman MM, Ismael AZ, Hammouda GE. The impact of timing
of maximal crystalloid hydration on early graft function during
kidney transplantation. Anesth Analg. 2010;110:1440---6.

7. Fernandes MHC, Schricker T, Magder S, Hatzakorzian R. Peri-
operative fluid management in kidney transplantation: a black
box. Crit Care. 2018;22:14.

8. Lauronen J, Peräsaari JP, Saarinen T, Jaatinen T, Lempinen

M, Helanterä I. Shorter cold ischemia time in deceased donor
kidney transplantation reduces the incidence of delayed graft
function especially among highly sensitized patients and kidneys
from older donors. Transplant Proc. 2020;52:42---9.

71
logy  2022;72(6):711---719

9. Irish WD, Ilsley JN, Schnitzler MA, Feng S, Brennan DC. A risk
prediction model for delayed graft function in the current
era of deceased donor renal transplantation. Am J Transplant.
2010;10:2279---86.

0. Collins MG, Fahim MA, Pascoe EM, et al. Study Protocol for
Better Evidence for Selecting Transplant Fluids (BEST-Fluids):
a pragmatic, registry-based, multi-center, double-blind, ran-
2020;21:428.

9

http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0130
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0135
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0140
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145
http://refhub.elsevier.com/S0104-0014(21)00343-2/sbref0145

	Effects of Plasma-Lyte and 0.9% saline in renal function after deceased-donor kidney transplant: a randomized controlled t...
	Introduction
	Methods
	Participants and eligibility criteria
	Interventions
	Outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding
	Authors contributions
	Financing
	Conflicts of interest
	References


