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Abstract
Purpose:  Kidney  transplantation  is  the  gold-standard  treatment  for  end  stage  renal  disease.
Although  different  hemodynamic  variables,  like  central  venous  pressure  and  mean  arterial  pres-
sure, have  been  used  to  guide  volume  replacement  during  surgery,  the  best  strategy  still  ought
to be  determined.  Respiratory  arterial  Pulse  Pressure  Variation  (PPV)  is  recognized  to  be  a  good
predictor  of  fluid  responsiveness  for  perioperative  hemodynamic  optimization  in  operating  room
settings. The  aim  of  this  study  was  to  investigate  whether  a  PPV  guided  fluid  management  strat-
egy is  better  than  a  liberal  fluid  strategy  during  kidney  transplantation  surgeries.  Identification
of differences  in  urine  output  in  the  first  postoperative  hour  was  the  main  objective  of  this
study.
Methods: We  conducted  a  prospective,  single  blind,  randomized  controlled  trial.  We  enrolled
40 patients  who  underwent  kidney  transplantation  from  deceased  donors.  Patients  random-
ized in  the  ‘‘PPV’’  group  received  fluids  whenever  PPV  was  higher  than  12%,  patients  in  the
‘‘free fluid’’  group  received  fluids  following  our  institutional  standard  care  protocol  for  kidney
transplantations  (10  mL.kg-1.  h-1).
Results:  Urinary  output  was  similar  at  every  time-point  between  the  two  groups,  urea  was  sta-
tistically different  from  the  third  postoperative  day  with  a  peak  at  the  fourth  postoperative
day and  creatinine  showed  a  similar  trend,  being  statistically  different  from  the  second  post-
operative day.  Urea,  creatinine  and  urine  output  were  not  different  at  the  hospital  discharge.
Conclusion:  PPV  guided  fluid  therapy  during  kidney  transplantation  significantly  improves  urea
and creatinine  levels  in  the  first  week  after  kidney  transplantation  surgery.

© 2020  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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Reposição  de  volume  orientada  pela  variação da  pressão  de  pulso  durante
transplante  renal:  estudo  randomizado  controlado

Resumo
Objetivo:  Transplante  renal  é  o  tratamento  padrão-ouro  na  doença  renal  em  estágio  terminal.
Embora diferentes  variáveis  hemodinâmicas,  tais  como  pressão  venosa  central  e  pressão  arterial
média, tem  sido  usadas  para  orientar  a  estratégia  de  reposição  volêmica  durante  a  cirurgia,  a
melhor estratégia  ainda  não  foi  determinada.  A  Variação  da  Pressão  de  Pulso  (VPP)  durante  o
ciclo respiratório  é  reconhecida  como  um  bom  preditor  da  resposta  à  infusão  de  volume  para
otimização hemodinâmica  perioperatória  no  centro  cirúrgico.  O  objetivo  do  estudo  foi  estudar
se a  estratégia  de  reposição  de  volume  orientada  por  VPP  é  melhor  do  que  a  estratégia  liberal
de reposição  de  volume  durante  cirurgia  de  transplante  renal.O  principal  objetivo  do  estudo
foi identificar  diferença  no  débito  urinário  na  primeira  hora  do  pós-operatório.
Método:  Realizamos  estudo  prospectivo,  uni-cego,  randomizado,  controlado.  Incluímos  40
pacientes submetidos  a  transplante  renal  de  doador  cadáver.  Pacientes  randomizados  para  o
grupo ‘‘VPP’’  receberam  volume  quando  a  VPP  estava  acima  de  12%,  e  os  pacientes  no  grupo
‘‘reposição liberal’’  receberam  volume  de  acordo  com  o  nosso  protocolo  institucional  padrão
de assistência  para  transplante  renal  (10  mL.kg-1.  h-1).
Resultados:  O  débito  urinário  foi  semelhante  em  todos  os  tempos  nos  dois  grupos,  a  ureia  foi
estatisticamente  diferente  a  partir  do  terceiro  dia  do  pós-operatório  com  pico  no  quarto  dia  do
pós-operatório  e  a  creatinina  apresentou  tendência  semelhante,  tornando-se  estatisticamente
diferente  a  partir  do  segundo  dia  do  pós-operatório.  Ureia,  creatinina  e  débito  urinário  não
estavam diferentes  na  alta  hospitalar.
Conclusões:  A  terapia  orientada  por  VPP  durante  transplante  renal  melhorou  de  forma  signifi-
cante os  níveis  de  ureia  e  creatinina  na  primeira  semana  pós-transplante  renal.
© 2020  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Background and  objective

Kidney  transplantation  (KT)  is  the  gold-standard  treatment
to  End  Stage  Renal  Disease  (ESRD).  Patients  with  ESRD
receiving  KT  have  a  higher  survival  rate1 and  a  lesser  health-
care  expenditure  than  patients  undergoing  dialysis.2,3

Recent  studies  pointed  out  that  an  optimized  fluid
therapy  during  transplant  surgeries  is  associated  with
better  graft  function,  possibly  by  maintaining  optimal
blood  volumes  and  providing  adequate  oxygen  delivery  to
tissues:4---6 inadequate  volume  infusions  during  KT  could
result  in  acute  respiratory  failure  and  prolonged  mechan-
ical  ventilation,1 whereas  fluid  overload  is  considered
to  be  detrimental  for  graft  perfusion,  microcirculation
and  tissue  oxygen  delivery.4 Fluid  management  during
KT  is,  therefore,  a  challenge  for  the  anesthesiologist
with  little  to  no  evidence  supporting  the  proper  prac-
tice.

In  the  past  few  years,  different  hemodynamic  varia-
bles  like  Central  Venous  Pressure  (CVP)  or  Mean  Arterial
Pressure  (MAP)  were  proposed  as  targets  for  adequate
perioperative  fluid  infusion;  however,  a  recent  study
demonstrated  their  poor  performance  in  predicting  graft
function.7

Respiratory  arterial  Pulse  Pressure  Variation  (PPV)  is  con-
sidered  to  be  a  good  predictor  of  fluid  responsiveness  for

hemodynamic  optimization  in  the  perioperative  setting.8---11

No  study  has  yet  examined  a  PPV  guided  hemodynamic  opti-
mization  during  KT.
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We  hypothesized  that  a  PPV-based  fluid  management  dur-
ng  KT  may  be  as  effective  as  a  liberal  fluid  strategy  during
T,  ensuring  adequate  postoperative  urine  output  and  being
ble,  at  the  same  time,  to  avoid  fluid  overload.

Differences  in  Urine  Output  (UO)  in  the  first  postopera-
ive  hour  was  the  main  outcome  of  this  study.

Secondary  outcomes  were  differences  in  UO,  urea  and
reatinine  levels  in  the  first  postoperative  week,  differences
n  the  need  of  haemodialysis  and  differences  in  cardiopul-
onary  complications  rate  among  the  two  groups.

ethods

esign

e  conducted  a  prospective,  single  blind;  non  inferiority
andomized  controlled  trial  with  a  parallel  design  and  a  1:1
llocation  ratio.  The  study  protocol  was  approved  by  the
nstitutional  Review  Board  of  Padova  (4423/AO/18)  and  reg-
stered  on  Clinicaltrials.gov  (NCT03446196).  The  study  was
n  accordance  with  the  1964  Helsinki  declaration  and  its
ater  amendments  or  comparable  ethical  standards.  Every
atient  enrolled  in  the  trial  provided  written  informed  con-
ent  to  participate.
ubjects  and  setting

nformed  consent  to  participate  to  the  trial  was  requested  to
ll  individual  patients  who  met  inclusion/exclusion  criteria.
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96  

e  included  every  patient  with  age  ≥  18  undergoing  kidney
ransplantation  from  cadaver.  Exclusion  criteria  were  double
idney  transplantation,  combined  kidney-pancreas  trans-
lantation,  combined  liver-kidney  transplantation  and/or
istory  of  heart  disease  and/or  cardiac  arrhythmias.

andomization

wenty  ‘‘Free  fluid’’  and  20  ‘‘PPV’’  cardstocks  were  pre-
ared  by  a  member  of  the  research  team  not  involved  in  the
linical  setting  (GP).  He  then  inserted  each  cardstock  in  a
ifferent  envelope  and  sealed  the  envelopes,  proceeding  to
huffle  the  sealed  envelopes.

At  the  day  of  the  surgery,  after  obtaining  written
nformed  consent,  the  patients  were  randomly  assigned  by

 member  of  the  study  (SM)  to  one  of  the  two  groups  by
pening  a  randomly  chosen  envelope.

nesthesia

ll  patients  underwent  standardized  general  anesthesia,
ccording  to  the  usual  practice/protocol  at  our  institution.
nesthesia  was  induced  with  propofol  2  mg.kg-1 and  fen-
anyl  2  �g.kg-1.  Rocuronium  0.6  mg.kg-1 was  administered
o  facilitate  tracheal  intubation.  After  tracheal  intubation,
atients  were  ventilated  with  a  40/60  oxygen/air  mixture
sing  a  pressure-regulated  volume-control  mode  (FLOW-i
entilator,  MAQUET  Medical  System,  Italy).  Expiratory  tidal
olume  was  maintained  at  8  mL.kg-1 and  PEEP  at  5  cmH2O,
djusting  the  respiratory  rate  to  keep  partial  arterial  car-
on  dioxide  pressure  (PaCO2)  at  35-40  mm  Hg.  Anesthesia
as  maintained  with  desflurane  at  0.9  Minimum  Alveolar
oncentration  (MAC)  to  maintain  a  bispectral  index  value
etween  40  and  60,  and  analgesia  was  provided  through
emifentanil  continuous  infusion  in  order  to  achieve  a heart
ate  within  ±20%  range  from  the  preoperative  value.  Ultra-
ound  guided  central  venous  catheter  was  placed  in  the
nternal  jugular  vein  and  a  20  G  catheter  was  positioned  in
he  radial  artery  to  continuously  MAP  via  a  pressure  trans-
ucer  (Edwards  Lifesciences,  Irvine,  CA,  USA)  and  connected
o  an  Endless  version  MostCareUP  (Vytech,  Padova,  Italy).
ostCareUP  was  used  to  acquire  all  hemodynamic  variables

specifically  PPV).  According  to  our  standard  care  protocol,
ll  patients  undergoing  KT  at  our  institution  should  receive
nly  normal  saline  as  crystalloid  during  KT.  Always  accord-
ng  to  our  standard  care  protocol  for  KT,  by  the  time  of
ascular  declamping  of  the  graft,  an  intravenous  bolus  of
00  mg  of  furosemide  and  80  mL  of  mannitol  18%  should  be
dministered  to  all  recipients.  At  the  end  of  the  surgery,  sug-
mmadex  2---4  mg.kg-1 total  body  weight  was  administered  to
nsure  full  reversal  (train-of-four  ratio  =  1.0),  depending  on
he  depth  of  neuromuscular  blockade.

ntervention  protocol

ll  transplantations  have  been  executed  by  the  same  surgi-

al  team.  Patients  randomized  in  the  ‘‘PPV’’  group  received
ormal  saline  whenever  PPV  was  higher  than  12%:  the  vol-
me  of  fluid  given  was  not  predetermined  and  clinicians
ere  invited  to  administer  fluids  until  PPV  was  equal  or  less
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han  12%;  patients  in  the  ‘‘free  fluid’’  group  received  normal
aline  according  to  our  institutional  standard  care  protocol
10  mL.kg-1.  h-1 plus  and  following  a fluid  replacement  for
leeding  with  saline  at  1:1  ratio).

Dynamic  variables  based  on  interaction  between  pul-
onary  and  cardiac  cycle,  such  as  PPV,  are  considered  better
redictors  of  fluid  responsiveness  in  patients  during  general
nesthesia  and  mechanical  ventilation10 when  compared  to
VP  or  other  static  parameters.PPV  values  higher  than  9%
nd  lower  than  13%  are  less  reliable  than  more  extreme  val-
es  in  predicting  response  to  crystalloid  infusion:  in  order  to
void  this  ‘‘gray  area’’,  we  chose  PPV  of  ≥  12%  as  a  trigger
o  increase  saline  infusion.

Although  all  patients  were  connected  to  the  MostCareUP
onitor,  attending  anesthesiologists  were  blinded  to  Most-
areUP  data  in  the  ‘‘free  fluid’’  group:  this  was  obtained  by
overing  the  MostCareUP  screen  with  an  opaque  blanket.

ostoperative  period

ll  physicians  involved  in  the  postoperative  care  were
linded  to  treatment  group.  Postoperative  treatment  was
he  same  for  both  groups  following  the  standardized
rotocols  of  our  transplantation  center.  Each  patient
as  admitted  to  the  semi-intensive  care  division  of  the
ransplant  Unit  and  managed  with  a  standardized  fluid-
herapy  protocol,  receiving  as  much  fluids  as  needed  in
rder  to  equalize  UO.  Patients  received  60  mg  of  endove-
ous  furosemide  every  eight  hours  if  UO  was  less  than
.5  mL.kg-1.  h-1.  Patients  underwent  dialysis  ifUO  was  less
han  0.5  mL.kg-1. h-1 with  either  clinical  signs  of  fluid  over-
oad,  kalemia  greater  than  6.5  mEq.L-1 or  blood  urea
itrogen  greater  than  40  mmoL.L-1.

ariables

or  each  patient  we  collected  the  following  data:  age,
ex  (F/M),  weight  (kg),  height  (cm),  Body  Mass  Index
BMI)  (kg.  m-2),  Body  Surface  Area  (m2),  ASA-PS  class,  dial-
sis  and/or  residual  diuresis  (mL/die);  furthermore,  we
ollected  parameters  related  to  the  transplanted  kidney:
schemia  time  (min),  Karpinsky12 score  (0---12)  and  intraop-
rative  fluids  (mL)  administered.

MostCareUP  records  beat  to  beat  values:  to  facilitate
he  analysis,  we  considered  four  time-points:  a)  Baseline
fter  tracheal  intubation  (T0),  b)  Before  arterial  anasto-
osis  (T1),  c)  15  minutes  after  arterial  anastomosis  (T2)

nd  d)  After  tracheal  extubation  (T3).  At  every  time-point,
 corresponding  value  of  the  following  variables  from  the
ostCareUP  monitor  was  obtained  by  averaging  a  five  min-
tes  period:  Blood  Pressure  (BP),  Heart  Rate  (HR),  MAP,
pO2, Cardiac  Index  (CI),  Stroke  Volume  Index  (SVI),  arterial
lastance  (Ea),  Cardiac  Cycle  Efficiency  (CCE),  PPV,  Stroke

olume  Variation  (SVV).

We  recorded  Urine  Output  (UO)  from  ureteral  anastomo-
is  until  the  operating  room  discharge  (normally,  30  minutes
fter  extubation)  and  CVP  at  operating  room  discharge.
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Assessed for eligibility (n = 89)

Excluded (n = 39)

Not meeting inclusion criteria (n = 19)

-8 Combined kidney-pancreas
transplantation

-1 Combined liver-kidney
transplantation

-10 Dobule kidney transplantation

Declined to participate (n = 20)

Other reasons (n = 10)

-10 Study team not availableRandomized (n = 40)

Allocated to “PPV group” (n = 20)

Received allocated intervention (n = 20)

Allocated to “control group” (n = 20)
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patients  in  ‘‘free  fluid’’  group)  included  in  the  current
Figure  1  CO

Blinding

Patients,  surgeons,  ward  clinicians  and  the  statisticians  were
blinded  to  group  allocation.

Statistical  analysis

To  determine  the  required  sample  size,  we  considered  the
UO  in  the  first  postoperative  hour  to  be  852  ±  170  mL.13 We
considered  a  20%  difference  of  UO  in  the  first  hour  after
transplantation  in  the  intervention  group  to  be  statistically
significant.  The  required  sample  size  to  detect  the  afore-
mentioned  UO  difference  with  a  power  of  85%,  a  significance
level  of  0.05  and  considering  a  1:1  allocation  ratio  was  of
36  patients.  We  expected  to  lose  10%  of  the  patients  dur-
ing  the  follow-up,  and  for  this  reason  we  chose  to  include
40  patients  in  the  study.  Normal  distribution  of  quantitative
variables  was  analyzed  using  the  Shapiro-Wilk  test.  Variables
were  compared  using  the  two-tailed  Student’  t-test  when
variables  were  normally  distributed,  and  the  Mann-Whitney
U  test  when  they  were  non-normally  distributed.  Contin-

uous  variables  are  presented  as  mean  ±  Standard  Deviation
(SD)  and  95%  Confidence  Interval  (CI).  Median,  first  and  third
quartile  values  are  reported  for  non-normally  distributed
variables.  Variables  presented  as  percentage  were  com-

a

n

T  flow-chart.

ared  between  groups  using  the  Chi-Square  test  or  the  Fisher
xact  test,  when  appropriate.

All  statistical  analyses  were  conducted  using  R  version
.4.0  (2017-04-21);  p-values  <  0.05  were  considered  sta-
istically  significant,  Prism  (GraphPad  Software,  San  Diego,
A,  USA)  was  used  to  create  the  artworks.  We  followed  the
ONSORT  guidelines14 to  report  this  trial.

esults

 total  of  89  patients  underwent  KT  from  deceased  donor
t  our  institution  from  March  10,  2018  to  January  1,  2019;
ineteen  of  them  were  excluded  because  they  did  not  meet
he  inclusion  criteria  (Fig.  1),  leaving  70  patients  available.
f  them,  20  were  excluded  because  they  refused  to  par-
icipate,  and  10  patients  were  not  enrolled  because  the
esearch  team  was  not  available  on  the  day  of  the  pro-
edure.  Forty  patients  were  enrolled  in  the  study,  1  of
hem  withdrew  consent  after  the  randomization  process
esulting  in  39  patients  (20  patients  in  PPV  group  and  19
nalysis.
All  donors  and  recipients  were  white;  there  weren’t

on-heart-beating  donors.  All  KT  were  single-kidney  trans-
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Table  1  Demographic  data.

PPV  (n  =  19)  FF  (n  =  20)  p

Age  55.42  (SD  =  12.72)  50.55  (SD  =  10.79)  0.205
Sex 5F  /  14M  4F  /  16M  0.716
Weight(kg) 72.26  (SD  =  9.64) 74.80  (SD  =  13.82)  0.512
Height (cm)  170.26  (SD  =  6.37)  169.40  (SD  =  10.50)  0.759
BMI (kg.  m-2)  25.34  (SD  =  3.13)  25.86  (SD  =  2.80)  0.584
BSA (m2)  1.84  (SD  =  0.15)  1.87  (SD  =  0.22)  0.580
ASA-PS 3  (IQR  =  0)  3  (IQR  =  0)  0.992
Residual dieresis  (mL.d-1)  350  (IQR  =  1100)  250  (IQR  =  850)  0.465
Preoperative  dialysis  95.0%  94.8%  0.992
Etiology
Diabetes 36.8%  30.0%  0.654
Glomerulonefritis  15.7%  10.0%  0.534
Other 47.5%  60.0%  0.610
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PPV, Pulse Pressure Variation group; FF, Free Fluid group; BMI, Bo
of Anesthesiologists Physical Status; SD, Standard Deviation; IQR, 

lantation.  Demographic  variables  were  homogeneous
etween  the  two  groups  (Table  1).

KT  preoperative  and  intraoperative  data  are  shown  in
able  2.  Patients  in  the  PPV  group  received  less  intra-
perative  fluids  (p  =  0.010).  Intraoperative  hemodynamic
ariables  are  summarized  in  Table  3.  Statistical  differ-
nces  between  groups  were  found  in  SVI  at  T1  (p  =
.012),  in  PPV  at  T2  (p  =  0.033)  and  in  MAP  at  T3  (p  =
.038).

Fig.  2  shows  the  trend  of  blood  urea  and  creatinine  during
he  first  postoperative  week  and  at  hospital  discharge.

UO  and  consequently  the  amount  of  fluids  adminis-
ered  were  similar  inthe  first  (‘‘PPV  group’’:  2520  mL
IQR  =  2632  mL]  versus  ‘‘free  fluids’’  group:  1950  mL
IQR  =  2463  mL],  p  =  0.890)  and  the  subsequent  postopera-
ive  days  in  the  first  week  between  the  two  groups.  Urea
as  statistically  different  from  the  third  Postoperative  Day

POD)  with  a  peak  at  fourth  POD.  Creatinine  showed  a  simi-
ar  trend,  being  statistically  different  from  the  second  POD.
rea,  creatinine  and  UO  were  not  different  at  hospital  dis-
harge.

Three  patients  in  ‘‘PPV  group’’  (15.8%)  and  five  patients
n  ‘‘free  fluids’’  group  (25%)  required  postoperative  dialysis
p  =  0.694).  Five  patients  in  ‘‘free  fluid  group’’  (25%)  and
wo  patients  in  ‘‘PPV  group’’  (10.5%)  had  clinical  and  radio-
raphic  signs  of  fluid  overload  and  needed  oxygen  therapy
p  = 0.410).  No  patient  had  signs  of  myocardial  ischemia  in
he  perioperative  period.  There  was  no  difference  in  cumu-
ative  furosemide  dose  between  the  two  groups  (p  =  0.456).
o  patient  needed  vasoactive  drugs  in  the  postoperative
eriod.

Length  of  stay  was  not  different  among  the  groups
PPV  group:  12  days;  IQR  =  3.5;  free  fluid  group  12.5  days,
QR  =  6.25;  p  =  0.207).

iscussion
he  study  was  designed  to  show  a  20%  difference  in  UO  dur-
ng  the  first  post-transplant  hour:  as  we  found  none,  the
ypothesis  was  rejected.

p

h
s

ss Index; BSA, Body Surface Area; ASA-PS, The American Society
-Quartile Range; p-value < 0,05 are marked with an asterisk (*).

For  this  reason,  the  main  finding  of  our  study  is  that  a  PPV
trategy  is  as  adequate  as  a  free  fluid  strategy  in  maintaining
O  in  patients  undergoing  KT.

Although  median  UO  in  the  PPV  group  was  almost  twice
hen  compared  to  the  ‘‘free  fluids’’  group,  this  difference
id  not  reach  statistical  significance.  The  main  explanation
or  this  finding  may  be  linked  to  the  relatively  small  sample
ize  itself.  The  study  used13 to  determine  sample  size  inves-
igated  KT  from  living  donors,  while  our  study  investigated
T  from  deceased  donors.  Longer  ischemia  time,  donor  and
idney  status  may  have  played  a role  by  increasing  variability
n  the  early  UO.  For  this  reason,  more  studies  with  a  larger
opulation  will  be  needed  to  further  investigate  whether  a
PV  fluid  strategy  may  be  more  effective  than  a  free  fluid
trategy  to  maintain  UO  in  patients  undergoing  KT.

Interestingly,  another  study  that  used  a  Goal  Directed
herapy  (GDT)  for  fluids  did  not  find  any  difference  in  the
arly  UO.15

In  our  study,  patients  in  ‘‘PPV  group’’  required  less  fluid
uring  the  surgery.  Although  there  were  no  differences  in
espiratory  and  cardiac  complications,  it  is  known  that  KT
atients  are  at  a higher  risk  for  fluid  overload  in  the  postop-
rative  period.4

Furthermore,  the  ‘‘PPV  group’’  had  lower  urea  and  cre-
tinine  levels  in  the  first  week  after  transplantation,  which
gain  could  be  possibly  justified  by  fluid  overload,  which  is
nown  to  be  related  to  worse  graft  perfusion,  microcircula-
ion  and  tissue  oxygen  delivery.4

There  were  little  statistical  differences  between  intra-
perative  hemodynamic  parameters  among  the  groups:
ndeed,  only  SVI  after  induction  of  general  anesthesia,  PPV
fter  arterial  anastomosis  and  MAP  at  extubation  reached  a
tatistically  significant  difference.

While  a  higher  SVI  and  a  lower  PPV  in  the  ‘‘PPV
roup’’  could  be  the  result  of  a  tailored  fluid  GDT,  MAP
ifference  after  extubation  may  be  the  result  of  fluid  over-
dministration  with  ‘‘free  fluid’’  patients  lying  in  the  upper

art  of  the  Frank-Starling  curve.

Observed  differences  in  MAP  (82.30  vs.  92.80  mmHg)  may
ave  played  little  or  no  role  on  the  graft  function,  as  Tóth16

uggested.  In  his  study,  Tóth16 observed  stable  creatinine
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Table  2  Preoperative  and  intraoperative  data.

PPV  (n  =  19)  FF  (n  =  20)  p

Karpinskyscore  0  (IQR  =  3)  0  (IQR  =  2.25)  0.561
Ischemia Time  (min)  815.42  (SD  =  245.19)  782.65  (SD  =  233.75)  0.671
Duration (min) 200  (IQR  =  65) 245  (IQR  =  75)  0.067
Fluids (mL)  1921  (SD  =  522.63)  2517  (SD  =  819.38)  0.010*
Diuresis (1st hour)  60  (IQR  =  180)  37.5  (IQR  =  166.25)  0.895
Length of  Stay  (d)  12  (IQR  =  3.5)  12.5  (IQR  =  6.25)  0.207

PPV, Pulse Pressure Variation group; FF, Free Fluid group; SD, Standard Deviation; IQR, Inter-Quartile Range; d, day; min, minutes;
p-value < 0,05 are marked with an asterisk (*).

Table  3  Intraoperative  hemodynamic  variables.

T0  T1  T2  T3

HR  (bpm) FF  70.96  ±  13.98  74.37  ±  14.85  74.07  ±  16.28  83.17  ±  19.77
PPV 69.02  ±  16.26  66.67  ±  13.59  70.19  ±  13.34  76.22  ±  14.58

MAP (mmHg) FF  75.32  ±  11.45  81.39  ±  11.35  77.36  ±  10.03  92.80  ±  13.48*
PPV 78.70  ±  9.52  86.76  ±  12.40  78.32  ±  10.87  82.30  ±  16.14*

CI (L.  min-1.  m-2) FF  2.25  ±  0.39  2.28  ±  0.50  2.40  ±  0.56  2.78  ±  0.57
PPV 2.40  ±  0.36  2.59  ±  0.41  2.41  ±  0.46  2.47  ±  0.67

SVI (mL.  m-2) FF  33.93  ±  10.22  32.30  ±  10.48*  34.25  ±  10.15  35.91  ±  11.86
PPV 37.93  ±  11.23 40.34  ±  9.56*  35.96  ±  10.44  34.85  ±  13.04

SVV (%) FF  12.24  ±  4.64  9.08  ±  3.98  10.48  ±  4.50  14.03  ±  7.23
PPV 12.87  ±  5.78 9.11  ±  4.44  11.13  ±  5.01  13.50  ±  4.96

PPV (%) FF  11.66  ±  6.96 7.33  ±  4.71  8.14  ±  5.38*  13.91  ±  7.93
PPV 13.17  ±  7.99 5.54  ±  4.01  5.10  ±  2.58*  10.66  ±  7.19

Ea (mmHg) FF  1.30  ±  0.37 1.51  ±  0.54  1.30  ±  0.46  1.55  ±  0.47
PPV 1.24  ±  0.42 1.32  ±  0.41  1.34  ±  0.30  1.48  ±  0.51

PPV/SVV (units) FF  1.07  ±  0.73 0.87  ±  0.50  0.88  ±  0.59  1.11  ±  0.46
PPV 1.21  ±  0.92 0.66  ±  0.37 0.57  ±  0.35 0.85  ±  0.49

CCE FF -0.09  ±  0.30  0.09  ±  0.24  0.07  ±  0.31  -0.07  ±  0.29
PPV -0.11  ±  0.31  -0.01  ±  0.31  -0.03  ±  0.40  -0.04  ±  0.36

< 0.0
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PPV, Pulse Pressure Variation group; FF, Free Fluid group; p-value 

levels  in  patients  with  a  MAP  between  80  and  100  mmHg,  but
an  increase  in  creatinine  in  patients  with  MAP  <  80  mmHg.

The  most  effective  perioperative  fluid  strategy  in  kidney
transplantation  is  actually  unknown.6 Standard  parameters
used  in  the  intraoperative  setting,  such  as  BP,  HR  and  CVP,
resulted  to  be  inadequate  in  predicting  graft  function  after
KT.7

Historically,  a  CVP-based  strategy  has  been  used  to  drive
volume  expansion  during  kidney  transplantation;  however,
CVP  is  poorly  related  to  actual  blood  volume  and  has  lit-
tle  ability  to  predict  the  hemodynamic  response  to  a  fluid
challenge.17

Although  an  aggressive  volume  expansion  strategy  tar-
geting  a  CVP  between  10  mmHg  and  15  mmHg1 has  been
suggested  in  order  to  improve  renal  blood  flow  and  bet-
ter  graft  outcomes,  this  strategy  has  several  downsides.  An
elevated  CVP  leads  to  a  worse  graft  function,18,19 and  exces-
sive  fluid  administration  could  lead  to  pulmonary  edema,
myocardial  ischemia  and  even  increase  mortality.

Two  previous  studies  investigated  a  goal-directed  fluid
15,20 15
therapy  during  KT: both  Cavaleri  et  al. and  Cor-

bella  et  al.20 applied  a  Stroke  Volume  (SV)  optimization
protocol  with  different  objectives.  Cavaleri15 aimed  to
show  a  reduction  in  early  complications  after  KT  using  a

m
t

5 are marked with an asterisk (*).

loTracTM/EV1000  monitor,  while  Corbella19 aimed  to  evalu-
te  if  the  use  of  esophageal  doppler  monitoring  would  alter
he  amount  of  fluids  given  during  KT.

Although  aims  and  methods  of  these  studies  were  dif-
erent  from  ours,  similarities  in  results  appear  self-evident:

 lesser  intraoperative  fluid  volume  administration20 and  a
etter  seven  day  mean  serum  creatinine  levels  compared  to
he  control  group.15

Our  study  has  several  limitations  we  need  to  discuss.  One
f  the  greatest  is  the  monocentric  nature  of  the  study  itself.
econdly,  we  evaluated  KT  only  from  deceased  donors  where
nrolling  living  donors  may  have  reduced  biases  related
o  organ  ischemia.  Furthermore,  we  considered  hemody-
amic  parameters  only  during  the  intraoperative  timeframe.
owever,  we  recognize  that  many  factors  in  the  postoper-
tive  period  (especially  hemodynamics)  may  have  played

 role  in  early  graft  function.  Moreover,  only  cardiovascu-
ar  complications  were  evaluated:  it  could  have  been  more
ppropriate  to  also  evaluate  neurological,  abdominal  and
nfectious  complications.
Further  studies  are  needed  to  identify  the  best  fluid
anagement  strategy  during  KT,  especially  randomized  con-

rolled  trial  comparing  different  GDT  strategies.
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ummary

 PPV  based  strategy  is  as  adequate  as  a  liberal  fluid  mana-
ement  during  KT  and  may  prevent  fluid  overload.
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