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Abstract
Background  and  objectives:  Patients  undergoing  radical  prostatectomy  are  at  increased  risk  of
Acute Kidney  Injury  (AKI)  because  of  intraoperative  bleeding,  obstructive  uropathy,  and  older
age. Neutrophil  Gelatinase-Associated  Lipocalin  (NGAL)  may  become  important  for  diagnosis
of postoperative  AKI  after  urogenital  oncosurgery.  The  objective  of  this  study  was  to  evaluate
and compare  the  efficacy  of  NGAL  as  a  predictor  of  AKI  diagnosis  in  patients  who  underwent
Retropubic  Radical  Prostatectomy  (RRP)  and  Robot-Assisted  Laparoscopic  Prostatectomy  (RALP)
for prostate  cancer.
Methods:  We  included  66  patients  who  underwent  RRP  (n  =  32)  or  RALP  (n  =  34)  in  this  prospec-
tive, comparative,  nonrandomized  study.  Patients’  demographic  data,  duration  of  surgery  and
anesthesia,  amount  of  blood  products,  vasopressor  therapy,  intraoperative  blood  loss,  fluid
administration,  length  of  hospital  stay,  creatinine,  and  plasma  NGAL  levels  were  recorded.
Results: Intraoperative  blood  loss,  crystalloid  fluid  administration,  and  length  of  hospital  stay
were significantly  shorter  in  RALP.  There  was  no  statistically  significant  difference  between  the

groups in  terms  of  intraoperative  blood  transfusion.  Postoperative  creatinine  and  plasma  NGAL
levels were  increased  in  both  groups.  The  6-h  NGAL  levels  were  higher  in  RRP  (p  =  0.026).  The
incidence of  AKI  was  28.12%  in  RRP  and  26.05%  in  RALP,  respectively.  The  NGAL  level  at  6  hours
was more  sensitive  in  the  early  diagnosis  of  AKI  in  RALP.
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Conclusion:  Although  postoperative  serum  NGAL  levels  were  increased  in  both  RRP  and  RALP,
the 6-h  NGAL  levels  were  higher  in  RRP.  RALP  was  associated  with  fewer  intraoperative  blood
loss and  fluid  administration,  and  shorter  length  of  hospital  stay.
© 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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etropubic  Radical  Prostatectomy  (RRP)  is  the  most  com-
only  used  surgical  treatment  for  clinically  localized
rostate  cancer  because  of  its  low  morbidity,  good  tumour
ontrol,  and  good  functional  results.  However,  patients
ndergoing  RRP  are  at  increased  risk  for  postoperative  Acute
idney  Injury  (AKI)  because  of  higher  amount  of  intraoper-
tive  bleeding,  obstructive  uropathy,  and  advanced  age.1

obot-Assisted  Laparoscopic  Prostatectomy  (RALP)  has  been
eveloped  as  an  alternative  to  RRP  in  recent  years  because
f  better  surgical  visualization,  less  surgical  adverse  events,
ntraoperative  blood  loss,  postoperative  pain,  and  shorter
ength  of  hospital  stay.2 However,  RALP  requires  a  longer
urgical  time  and  may  lead  to  worse  physiological  changes
ompared  to  RRP  due  to  pneumoperitoneum  and  prolonged
teep  Trendelenburg  position.3,4 Cardiac  output,  glomeru-
ar  filtration  rate,  renal  blood  flow,  and  urine  output  may
ecrease  due  to  intraperitoneal  carbon  dioxide  insufflation
uring  RALP.1

Neutrophil  Gelatinase-Associated  Lipocalin  (NGAL)  is  a
mall  molecule  of  25  KD  weight  from  the  lipocalin  family,
hich  is  expressed  from  renal  tubular  cells.  It  has  been

hown  that  urine  and  plasma  levels  of  NGAL  were  increased
fter  tubular  damage5 and  become  altered  before  creatinine
r  oliguria  signals  a  reduction  in  kidney  function.6 In  the  lit-
rature,  it  is  stated  that  NGAL  can  be  used  as  a  biomarker
or  early  recognition  of  AKI  after  liver  transplantation,7,8

fter  cardiac  surgery,9 in  adult  critically  ill  patients,10 and
fter  robotic  surgery.11 It  has  also  been  studied  in  pediatric
opulations.12,13

AKI  is  one  of  the  most  important  postoperative
omplications  and  is  associated  with  adverse  outcomes,
ncluding  chronic  renal  failure  and  death,  and  increased
ealth  costs.14,15 There  are  a  limited  number  of  studies  using
GAL  for  early  detection  of  AKI  after  prostatectomy.  NGAL
ay  become  important  for  diagnosis  of  postoperative  AKI

fter  urogenital  oncosurgery.  Therefore,  we  aimed  to  eval-
ate  and  compare  the  efficacy  of  NGAL  as  a  predictor  of
iagnosing  AKI  in  patients  who  underwent  RRP  and  RALP  for
rostate  cancer.

ethods

tudy  design
he  study  was  approved  by  the  Ethics  Committee  of  the
niversity  of  Health  Sciences  (10/1),  Antalya  Training  and
esearch  Hospital,  and  registered  in  the  NCT03607279  Clini-
al  Research  Database  (clinicaltrials.gov).  Written  informed

A
0
t
v

22
onsent  was  obtained  from  all  patients  included  in  the
tudy.  This  study  followed  the  Strengthening  of  Reporting  of
bservational  Studies  in  Epidemiology  (STROBE)  reporting
uidelines.16

A  prospective,  comparative,  nonrandomized  study
nrolled  90  consecutive  male  patients  who  were  80  years
f  age  or  younger  and  were  fully  continent,  potent,  and
andidates  for  radical  prostatectomy  by  a  retropubic  or
obot-assisted  approach  between  January  2017  and  August
017.  Patients  aged  between  18  and  80  years  with  American
ociety  of  Anesthesiologists  (ASA)  physical  status  I---III  and
ithout  pre-existing  chronic  renal  disease  defined  by  Kidney
isease  Improving  Global  Outcomes  (KDIGO)  classification17

ere  included  in  the  study.  Exclusion  criteria  included:
atient’s  refusal  to  participate,  pre-existing  renal  disease,
eart  failure,  and  necessity  for  emergency  surgery.

Patients’  demographic  data  (age,  height,  weight,  BMI,
harlson  comorbidity  index,  ASA,  comorbidities,  and  smok-

ng),  duration  of  surgery  and  anesthesia,  amount  of  blood
nd  blood  products  used  intraoperatively,  length  of  hospi-
al  stay,  need  for  vasopressor  therapy,  intraoperative  fluid
reatment,  perioperative  creatinine  (baseline,  first,  second,
nd  third  postoperative  day),  and  NGAL  (baseline,  6  hours,
nd  12  hours  after  induction  of  anesthesia)  levels  were
ecorded.

reoperative  care

outine  preoperative  evaluation  included  electrocardiog-
aphy,  chest  X-Ray,  and  blood  analysis.  One  day  before
he  surgery,  a  clear  liquid  diet  was  started,  and  patients
topped  taking  anything  orally  after  midnight  preceding  the
urgery.  Although  a  full  bowel  preparation  was  not  neces-
ary,  preoperative  laxatives  were  used  on  the  day  before
urgery.  Preoperative  antacid  and  antibiotic  prophylaxis
ere  applied  according  to  the  standard  hospital  care.

nesthesia  technique

n  arrival  in  the  operating  room,  a  16G  peripheral  venous
atheter  was  placed.  Patients  were  under  standard  monitor-
ng  including  invasive  blood  pressure  (via  the  20G  catheter  in
he  radial  artery),  five-lead  electrocardiography,  and  pulse-
ximetry.  After  premedication  with  0.04  mg.kg-1 intravenous
IV)  midazolam,  anesthesia  was  induced  with  2  �g.kg-1 fen-
anyl,  1.5  mg.kg-1IV  propofol,  and  0.6  mg.kg-1 rocuronium.

nesthesia  was  maintained  with  50%  oxygen  in  air  and
.8---1.5  age-adjusted  minimum  alveolar  anesthetic  concen-
ration  of  desflurane.  The  patients  were  ventilated  in  the
olume-controlled  mode  (Primus,  Drager,  Luebeck,  Ger-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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any).  Ventilator  settings  were  set  with  the  tidal  volume
f  6---8  mL.kg-1 and  with  the  inspiratory/expiratory  ratio  of
:2,  and  4---7  cmH2O  positive  end-expiratory  pressure.

Following  tracheal  intubation,  invasive  arterial  blood
ressure,  end-tidal  CO2,  diuresis,  body  core  temperature,
nd  hemoglobin  concentration  were  also  monitored.  Fluids
ere  administered  using  crystalloid  (Hartmann’s  solution)
nd  colloid  (hydroxyethyl  starch,  6%).  When  ureterovesi-
al  anastomosis  was  completed  in  patients  undergoing
ALP  and  the  patient  was  returned  to  the  supine  posi-
ion,  intravenous  fluid  was  provided  with  1-L  bolus  Ringer
actate  solution  followed  by  150  mL.h-1 infusion  for  the
ext  12---24  hours,  depending  on  the  patient’s  volume  sta-
us.  During  surgery,  systolic  blood  pressure  was  maintained
t  or  above  90  mmHg.  Intraoperative  analgesia  was  pro-
ided  with  IV  remifentanil  infusion.  Repeated  injections  of
ocuronium  were  administered,  if  necessary.  End-tidal  CO2

as  maintained  between  30  and  35  mmHg  by  ventilatory
arameters  adjusted  after  creating  CO2 pneumoperitoneum.
ntravenous  1000  mg  paracetamol  and  100  mg  tramadol
as  administered  to  all  patients  approximately  30  minutes
efore  reversal  of  anesthesia  for  postoperative  analgesia.
t  the  end  of  the  surgery,  cuff  leak  test  was  applied  to  all
atients  and  neostigmine  and  atropine  were  administered
or  antagonizing  muscle  block.

All  patients  were  awakened  in  the  operating  theatre  and
ere  then  moved  to  the  postanesthesia  care  unit.  Criteria

or  discharge  from  the  postanesthesia  care  unit  were  that
atients  must  be  awake,  cooperative,  hemodynamically  sta-
le,  have  an  acceptable  respiratory  pattern,  and  have  the
ecovery  of  motor  functions.

Hypotension  was  defined  as  a  reduction  of  more  than
0%  of  baseline  values  and  promptly  treated  with  ephedrine
V  5---10  mg  and  bolus  fluid  application.  If  the  treatment
as  insufficient,  IV  vasopressor  therapy  was  planned  to  be

tarted.  The  hemoglobin  concentration  was  maintained  at
 7  g.dL-1;  if  the  patient’s  hemoglobin  concentration  was  ≤
 g.dL-1,  a  packed  red  blood  cell  transfusion  was  planned.1

nesthesia  time  was  defined  as  the  time  that  the  patient
ntered  the  operating  room  until  the  delivery  of  the  patient
o  the  postanesthesia  care  unit.

urgical  procedures

oth  RALP  and  RRP  were  performed  according  to  the
tandard  protocols  by  our  urology  clinic.  All  patients  had
linically  localized  carcinoma  of  the  prostate  and  under-
ent  RRP  or  RALP.  The  choice  of  surgical  approach  was
ccording  to  patient  preference  after  discussion  of  the  risks,
enefits,  and  alternatives  with  the  attending  surgeon.  No
emographic,  clinical,  or  oncological  criteria  were  used  to
elect  the  surgical  approach.  Surgical  time  was  defined  as
he  time  between  the  first  incision  and  the  end  of  surgery.

For  RALP,  robotic  interventions  were  performed  using  da
inci  surgical  robot  (Intuitive  Surgical,  Mountain  View,  CA),
hich  is  designed  for  transform,  filter,  and  transmit  the

urgeon’s  hand  movements  into  precise  movements  of  the

nstruments.  Da  Vinci  surgical  robot  consists  of  a  3D  high-
esolution  visualization  system  and  special  instruments  that
llow  the  surgeon  to  operate  with  advanced  vision,  preci-
ion,  and  control.2
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RRP  procedures  were  performed  through  a  lower  midline
bdominal  incision  by  the  surgeon  at  the  supine  position.
or  RALP,  the  patients  were  placed  in  a  modified  lithotomy
osition.  After  adequate  positioning  of  the  patient,  pneu-
operitoneum  was  created  by  intraperitoneal  insufflation  of
O2 with  an  insufflation  pressure  of  15  mmHg.  After  the  tro-
ar  cannulas  were  placed,  patients  were  placed  in  the  steep
rendelenburg  position  (approximately  45  from  horizontal).
ntraperitoneal  pressure  was  maintained  at  12  mmHg  during
he  induced  pneumoperitoneum.  At  the  end  of  the  proce-
ure,  the  table  was  brought  back  to  the  normal  position  and
he  pneumoperitoneum  was  released.

Postoperative  analgesia  was  provided  with  paracetamol
000  mg  orally  at  8-h  intervals.  A  clear  liquid  diet  was
tarted  at  the  earliest  postoperative  period  and  diet  was
dvanced  as  bowel  function  returned.  Fluid  boluses  (500  mL
f  Ringer  Lactate)  were  administered  to  patients  with  urine
utput  below  0.5  mg  mL.h-1.  To  reduce  the  incidence  of
eep  vein  thrombosis,  subcutaneous  low  molecular  weight
eparin  and  early  ambulation  were  administered.  When
he  patients  were  hemodynamically  stable  and  drains  were
emoved,  patients  were  discharged  from  hospital.

easurement  of  NGAL

ive  milliliters  venous  blood  was  collected  into  tubes  (Bec-
on  Dickinson  Vacutainer  SST  II  Advance  Plus,  lot  7163845
lymouth,  UK)  that  contained  a  spray-dried  clot  activator
nd  gel  separator.  The  samples  were  maintained  at  room
emperature  for  a minimum  of  30  minutes  to  allow  the  blood
o  clot  and  then  were  centrifuged  at  2500  RPM  for  15  min-
tes  at  4 ◦C  to  separate  serum.  Plasma  specimens  were
liquoted  and  maintained  at  -20 ◦C  until  NGAL  levels  were
ssessed.

Plasma  human  NGAL  levels  were  measured  using  a
ommercially  available  ELISA  kit  (Affymetrix-eBioscience,
ienna,  Austria)  (%CV  <  10,  analytical  sensitivity  6.5  pg.mL-1,
ssay  range  7.81---500  pg.mL-1).  The  assays  employed  the
olid-phase  sandwich  ELISA  (enzyme-linked  immunosorbent
ssay)  technique.  Plasma  levels  of  NGAL  were  deter-
ined  at  baseline  (preoperative),  6  hours,  and  12  hours

fter  induction  of  anesthesia.  The  cut-off  value  for  NGAL
lasma  level  for  the  diagnosis  of  AKI  was  considered
50  ng.mL-1.3

rimary  and  secondary  aims

he  primary  aim  of  this  study  was  to  evaluate  and  com-
are  the  efficacy  of  NGAL  as  predictor  of  diagnosing  AKI
n  patients  who  underwent  RRP  and  RALP  for  prostate  can-
er.  AKI  was  defined  based  on  the  KDIGO  criteria17 for  AKI
ithin  48  hours  after  surgery  (the  presence  of  any  of  the

ollowing  events:  an  increase  in  serum  creatinine  level  ≥
.3  mg.dL-1 within  48  hours,  or  increase  in  serum  creatine

 1.5  times  baseline  or  urine  output  <  0.5  mL.kg-1.h-1 for
 hours).  Because  the  urine  output  was  measured  on  a  daily

asis  (not  on  an  hourly  basis),  the  urine  output  criterion  was
ot  included  in  the  current  study.  The  secondary  aim  was  to
ompare  intraoperative  blood  loss,  fluid  administration,  and
ength  of  hospital  stay.
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Figure  1  Pa

tatistical  analyses

he  sample  size  was  calculated  using  G-power  (G*Power  3.1,
üsseldorf,  Germany)  3.1.9.2  software.  A  pilot  study  of  10
atients  per  group  suggested  a  41.51  ng.mL-1 difference  in
ean  NGAL  levels  and  SD  of  56.61  between  the  groups.
onsequently,  a  power  calculation  (�  =  0.05  and  �  =  0.2)

ndicated  a  minimum  of  31  patients  for  each  group.  Hence,
0  patients  were  included  per  group  to  replace  any  dropouts.

Statistical  analysis  was  performed  using  SPSS  version  24
tatistical  software  (SPSS  Inc.,  Chicago,  IL,  USA).  Continuous
ariables  were  presented  as  mean  ±  standard  deviation  for
ormally  distributed  data  or  median  (interquartile  range)
or  not  normally  distributed  data,  and  categorical  data
ere  presented  as  absolute  frequencies  and  percentages.
ll  numerical  data  were  tested  for  normal  distribution  by
he  Kolmogorov-Smirnov  test.  Differences  between  mean
alues  for  normally  distributed  variables  were  compared
sing  Student’s  t-test.  Non-normally  distributed  variables
nd  ordinal  variables  were  compared  with  the  Mann-Whitney

 test  and  the  Wilcoxon  rank  sum  test.  The  chi-squared  test
nd  Fisher’s  exact  test  were  used  for  categorical  data  where
ppropriate.  Repeated  measures  of  variance  (ANOVA)  were
sed  to  test  for  any  change  in  values  among  the  study  time
oints.  At  each  time  point,  the  NGAL  values  for  each  patient
ere  recorded,  and  these  values  were  correlated  with  the
atients  who  matched  and  did  not  meet  the  definition  of  AKI.
ll  confidence  intervals  were  constructed  with  95%  statisti-
al  confidence.  A  p-value  of  less  than  0.05  was  considered
tatistically  significant.

esults

 total  of  90  patients  were  asked  to  participate  in  the
tudy.  Five  patients  did  not  meet  the  inclusion  criteria,  three
atients  declined  to  participate  in  the  study,  and  two  surg-

ries  were  cancelled.  Fourteen  patients  were  excluded  from
nalysis  because  of  errors  in  blood  sampling.  Data  from  the
emaining  66  patients,  34  in  the  RALP  group  and  32  in  the
RP  group,  were  analyzed  for  the  study  (Fig.  1).

a
i
N
1

24
s’  flow  chart.

There  were  no  statistically  significant  differences
etween  the  two  groups  with  respect  to  age,  height,  weight,
ody  Mass  Index  (BMI),  Charlson  Comorbidity  Index,  ASA
hysical  status,  and  comorbidities  (Table  1).

No  statistically  significant  differences  were  found
etween  the  two  groups  in  terms  of  duration  of  surgery  and
nesthesia.  Moreover,  15.6%  of  RRP  patients  received  Red
lood  Cell  (RBC)  transfusions  intraoperatively,  while  none
f  the  RALP  patients  received  RBC  transfusion.  No  patient
n  both  groups  needed  vasopressor  therapy  in  the  intraoper-
tive  period.  The  amount  of  use  of  intraoperative  crystalloid
uids  was  statistically  higher  in  RRP  group  (p  =  0.0001).  The
mount  of  use  of  intraoperative  colloid  fluids  was  similar
n  both  groups  (p  =  0.929).  The  length  of  hospital  stay  was
lso  significantly  shorter  in  the  RALP  group  (p  =  0.001).  The
ntraoperative  blood  loss  was  statistically  higher  in  the  RRP
roup  (p  =  0.04)  (Table  2).

Preoperative  and  postoperative  creatinine  and  plasma
GAL  levels  are  presented  in  Table  3.  There  was  no  statisti-
al  difference  between  the  two  groups  in  terms  of  creatinine
alues  at  any  time  point.  The  creatinine  values  on  the
rst,  second,  and  third  postoperative  days  were  significan-
ly  higher  compared  with  the  baseline  values  in  RRP  group
p  =  0.036,  p  =  0.004,  p  =  0.018,  respectively).  Similarly,  the
reatinine  values  were  significantly  higher  compared  with
he  baseline  values  in  RALP  group  (except  third  postopera-
ive  day)  (p  =  0.0001,  p  =  0.031,  p =  0.092,  respectively).
ccording  to  the  baseline  levels,  the  plasma  NGAL  levels

ncreased  in  6 and  12  hours  after  induction  of  anesthesia  in
RP  group  (p  =  0.0001,  p  =  0.0001,  respectively)  and  RALP
roup  (p  =  0.0001,  p  =  0.0001,  respectively).  Baseline  and
2-h  NGAL  levels  were  similar  in  both  groups  (p  =  0.259,

 =  0.323,  respectively).  Moreover,  the  6-h  NGAL  levels  were
igher  in  RRP  group  (p  =  0.026).  In  accordance  with  KDIGO
riteria,  the  incidence  of  AKI  was  28.12%  in  RRP  and  26.05%
n  RALP  (p  =  0.572),  respectively.

The  sensitivity  of  serum  NGAL  to  detect  AKI  was  greater

t  12  hours  in  RRP  group,  whereas  it  was  greater  at  6  hours
n  RALP  group  (Table  4).  When  the  cut-off  value  for  the
GAL  plasma  level  for  the  diagnosis  of  AKI  was  considered
50  ng.mL-1,  the  sensitivity  of  NGAL  in  both  groups  was
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Table  1  Demographic  data.

Group  RRP  (n  =  32)  Group  RALP  (n  =  34)  p-value

Age,  years  66.1  ±  7.2  63.4  ±  6.1  0.100
Height, cm  172.1  ±  3.4  171.9  ±  4  0.819
Weight, kg 78.8  ±  3.7 79  ±  3.9  0.770
BMI, kg.m-2 26.5  ±  0.4  26.7  ±  0.3  0.084
Charlson Comorbidity  Index  2.4  ±  0.9  2  ±  0.7  0.090

ASAphsicalstatus,  n  (%)
ASA  I  4  (12.4)  5  (14.7) 0.323
ASA II  14  (43.8)  19  (55.9)
ASA III  14  (43.8)  10  (29.4)

Comorbidities,  n  (%)
Arterial  hypertension  12  (37.5)  16  (47.1)  0.296
Diabetes mellitus  4  (12.5)  6  (17.6)  0.407
CAD 8  (25)  8  (23.5)  0.558
Smoking, n  (%)  9  (28.1)  8  (23.5)  0.442

Values are the mean ± standard derivation (SD) or the number (percentage).
BMI, Body Mass Index; ASA, American Society of Anesthesiologists; CAD, Coronary Artery Disease. p < 0.05 is statistically significant.

Table  2  Perioperative  data.

Group  RRP  (n  =  32) Group  RALP  (n  =  34)  p-value

Duration  of  surgery,  min  220  (180---300)  250  (200---395)  0.450
Duration of  anesthesia,  min  260  (205---340)  290  (240---352)  0.502
Hospital stay,  days  10  (7---10)  7  (5---7)  0.001*
Intraoperative  blood  loss,  mL  310  ±  176  190  ±  105  0.040*
Red blood  cell  transfusion,  n  (%)  5  (15.6)  0  (0)  0.088
Fluids administered
Crystalloid,  mL  2687  ±  669  1855  ±  447  0.0001*
Colloid, mL  93  ±  235  88  ±  260  0.929
Urine volume,  mL
Intraoperative  1495  ±  293.99  1580  ±  190.32  0.420
First day  1510  ±  354.96  1640  ±  214.47  0.335
Second day  2915  ±  710.30  3105  ±  462.15  0.484
Third day  3485  ±  401.42  3600  ±  434.60  0.546
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Values are the mean ± standard derivation (SD), median (interq
significant.

4.2%  (95%  CI:  60.4---96.6)  and  the  specificity  was  31.9%
95%  CI:  19.0---47.1)  at  6  hours.  Moreover,  the  sensitivity
as  78.9%  (95%  CI:  54.4---93.9)  and  the  specificity  was  38.3%

24.51---53.6)  at  12  hours.

iscussion

his  study  showed  that  the  NGAL  levels  after  both  RRP  and
ALP  increased  significantly  in  6  and  12  hours  according  to
he  baseline  levels.  Furthermore,  baseline  and  postopera-
ive  NGAL  levels  measured  at  12  hours  were  similar  in  both
roups,  while  those  measured  at  6  hours  were  higher  in  RRP
han  RALP.  The  amount  of  use  of  intraoperative  crystalloid
uids,  and  intraoperative  blood  loss  were  significantly  lower,
nd  length  of  the  hospital  stay  was  significantly  shorter  in

ALP.

In  the  literature,  the  relevant  studies  have  shown  that
ALP  provides  better  surgical  visualization,  less  intraopera-
ive  bleeding,  fewer  operative  adverse  events,  early  patient
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ile range) or the number (percentage). p < 0.05 is statistically

ischarge,  less  postoperative  pain,  and  early  patient  mobi-
ization  compared  to  RRP.4,18,19 A  study  by  Joo  et  al.  showed
hat  intraoperative  estimated  blood  loss,  fluid  treatment,
ength  of  hospital  stay,  and  transfusion  requirement  were
ignificantly  lower  in  patients  undergoing  RALP.1 In  a  retro-
pective  study  of  707  patients  whose  data  were  evaluated  in
009,  D’Alanzo  et  al.  reported  that  the  estimated  blood  loss
as  significantly  higher  in  RRP,  the  intraoperative  red  blood
ell  transfusion  was  significantly  lower  in  RALP,  and  the  RALP
atients  had  less  fluid  therapy  with  shorter  hospitalization.20

onsistent  with  these  studies,  in  this  study,  we  found  that
he  need  for  intraoperative  crystalloid  fluid  therapy,  the
stimated  amount  of  intraoperative  bleeding,  and  the  need
or  blood  and  blood  products  transfusion  were  less,  and  the
uration  of  hospital  stay  was  shorter  in  patients  undergoing

ALP  when  compared  to  the  RRP.

Restricted  fluid  therapy  is  frequently  used  in  RALP
o  reduce  the  effects  of  the  Trendelenburg  position-
ng  combined  with  pneumoperitoneum  on  respiratory,
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Table  3  Creatinine  and  NGAL  levels.

Group  RRP  (n  =  32)  Group  RALP  (n  =  34)  p-value

Creatinine,  mg.dL-1

Baseline  1.09  ±  0.22a,b,c 1.05  ±  0.14d,e,f 0.405
1st postoperative  day 1.22  ±  0.41a 1.21  ±  0.24d 0.879
2nd postoperative  day  1.26  ±  0.44b 1.16  ±  0.32e 0.293
3rd postoperative  day  1.28  ±  0.46c 1.10  ±  0.23f 0.058

NGAL, ng.mL-1

Baseline  122  ±  68.7g,h 105.8  ±  45.3i,  j 0.259
6 h  251.2  ±  133.2g 192.5  ±  67.2i 0.026*
12 h  219.2  ±  141.5h 190.2  ±  90.9j 0.323

Values are the mean ± standard derivation (SD). p < 0.05 is statistically significant.
a p = 0.036 baseline vs. 1st postoperative day.
b p = 0.004 baseline vs. 2nd postoperative day.
c p = 0.018 baseline vs. 3rd postoperative day.
d p = 0,0001 baseline vs. 1st postoperative day.
e p = 0.031 baseline vs. 2nd postoperative day.
f p = 0.092 baseline vs. 3rd postoperative day.
g p = 0.0001 baseline vs. 6 h.
h p = 0.0001 baseline vs. 12 h.
i p = 0.0001 baseline vs. 6 h.
j p = 0.0001 baseline vs. 12 h.

Table  4  Specificity  and  efficacy  of  NGAL  plasma  levels  at  6  hours  and  12  hours  in  detecting  AKI.

NGAL  levels  AKI  (+)  AKI  (-)  Sensitivity  %  (95%CI)  Specifity  %  (95%CI)

6hours
Group  RRP  (n  =  32) NGAL  <  150  109.7  ±  52.8  2  7 80  (44.3---97.4) 31.8  (13.8---54.8)

NGAL >  150  306.6  ±  111.2  8  15
Group RALP
(n  =  34)

NGAL  <  150  109.9  ±  28.8  1  8 88.8  (51.7---99.7) 32  (14.9---53.5)
NGAL >  150  222.2  ±  49.7  8  17

12hours
Group RRP  (n  =  32) NGAL  <  150  121.2  ±  70.5  1  8 90  (55.5---99.7)  36.3  (17.2---59.3)

NGAL >  150  257.5  ±  144.6  9  14
Group RALP
(n  =  34)

NGAL  <  150  111.1  ±  26.1  3  10 66.6  (29.9---92.5)  40  (21.1---61.3)
NGAL >  150  239.2  ±  81.5  6  15
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Values are the mean ± Standard Derivation (SD), the number or %

ardiovascular,  and  cerebrovascular  systems,  to  prevent
eroperative  pharyngeal,  laryngeal,  and  facial  edema  and
o  increase  the  surgical  vision.21,22 Considering  the  admin-
stration  of  a  restricted  fluid  treatment,  to  create  a  better
urgical  area  by  ensuring  less  urine  output,  and  intraopera-
ively  less  estimated  blood  loss,  the  need  for  intraoperative
uid  and  blood  treatments  is  less  in  RALP,  compared  to
RP.4,20,23 The  requirement  of  crystalloid  fluid  treatment  and
he  need  for  blood  and  blood  product  transfusion  are  less  in
he  RALP  group  in  our  study,  and  these  findings  consistent
ith  previous  studies.  However,  this  fluid  restriction  applied
uring  RALP  may  also  cause  a  slight  increase  in  patients’
erum  creatinine  levels  in  the  postoperative  period.20 In  our
tudy,  serum  creatinine  levels  were  found  to  be  higher  in
oth  groups  compared  to  the  baseline  values.  In  the  study
f  Orsolya  et  al.,  similar  to  our  results,  it  was  stated  that

erum  creatinine  levels  increased  significantly  on  the  post-
perative  first  day  compared  to  the  baseline  values,  and
hen  they  tended  to  decrease.11

fl
r
d

26
 CI).

In  retrospective  and/or  nonrandomized  prospective  stud-
es,  the  duration  of  surgery  and  anesthesia  in  RALP  was  found
ignificantly  longer  when  compared  to  RRP.2,21 Yonekura
t  al.  reported  that  RALP  surgery  was  associated  with  longer
neumoperitoneum  time  and  duration  of  anesthesia  than
onventional  laparoscopic  radical  prostatectomy.24 Never-
heless,  the  duration  of  surgery  and  anesthesia  varied  in  the
tudies  according  to  the  experience  of  the  surgical  team.  As

 matter  of  fact,  it  is  clearly  stated  in  the  literature  that
he  duration  of  surgery  in  the  laparoscopic  approaches  is
nfluenced  by  the  experience  of  the  surgical  team,  and  this
uration  is  shortened  with  increasing  experience.25

A  long-term  steep  Trendelenburg  positioning  combined
ith  pneumoperitoneum  is  required  during  RALP.  In  par-

icular,  the  use  of  pneumoperitoneum  pressures  above
5  mmHg  may  cause  decreased  cardiac  output,  renal  blood

ow,  glomerular  filtration  rate,  and  urine  output.  The
enin---angiotensin---aldosterone  system,  which  is  activated
ue  to  these  physiological  changes,  leads  to  a  further
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ecrease  in  blood  flow,  and  thus  further  deterioration  of
enal  function.26---28 In  a  study  of  Joo  et  al,  the  incidence  of
ostoperative  AKI  after  RALP  and  RRP  was  evaluated  accord-
ng  to  the  KḊIGO  criteria  and  they  showed  that  the  incidence
f  AKI  was  statistically  lower  in  patients  undergoing  RALP
5.5%  in  RALP  and  10.4%  in  RRP,  p  =  0.004).1 In  our  study,
lthough  not  statistically  significant,  the  incidence  of  post-
perative  AKI  was  higher  in  RALP.  Duration  of  anesthesia  and
urgery  was  longer  in  our  study  than  in  the  study  by  Joo
t  al.  In  the  literature,  there  is  a  study  reporting  the  inci-
ence  of  postoperative  AKI  as  37.5%  after  robotic  urological
ncosurgery.11

AKI  is  one  of  the  most  important  causes  of  postoperative
orbidity  and  mortality.  The  incidence  of  AKI  after  radi-

al  prostatectomy  is  not  clear  in  the  literature.  However,  it
as  been  reported  that  patients  with  urological  diseases  are

 high  risk  group  for  AKI  due  to  reasons  such  as  obstruc-
ive  uropathy,  advanced  age,  and  current  chronic  kidney
isease.29 Early  recognition  of  AKI  is  very  important  in  terms
f  preventing  renal  failure  and/or  initiating  early  treat-
ent.  Serum  creatinine  level  is  the  most  commonly  used
arameter  to  evaluate  renal  function.  However,  both  serum
reatinine  and  urine  output,  which  are  the  parameters  used
o  identify  AKI,  have  been  shown  to  have  limited  sensitivity
nd  specificity  for  predicting  AKI.30 Increases  of  serum  cre-
tinine  levels  are  detected  later  than  changes  in  glomerular
ltration.11 This  leads  to  a  delay  in  the  early  detection  of
KI  and  consequently  to  preventive  measures  and  delayed
reatment.  Moreover,  serum  creatinine  levels  are  influenced
y  many  factors  such  as  aging  and  loss  of  muscle  mass,
hich  is  significantly  more  prevalent  in  elderly  patients.
herefore,  the  serum  creatinine  levels  of  the  elderly  can
e  lower  than  the  normal  values,  often  resulting  in  delayed
r  late  diagnosis  due  to  increased  kidney  injury  pathologies
eing  obscured,  which  all  reveal  the  necessity  to  search  for
iomarkers  of  early  injury,  such  as  NGAL.31---33

In  recent  years,  NGAL  has  been  one  of  the  most  promising
iomarkers  in  the  early  detection  of  AKI.  A  meta-analysis  by
aase  et  al.  clearly  shows  that  NGAL  is  a  useful  marker  for
arly  detection  of  AKI,  both  serum  and  urinary  NGAL  levels
re  similar  in  diagnosis,  and  the  NGAL  levels  have  a  prognos-
ic  value  for  clinical  outcomes  such  as  mortality  and  renal
eplacement  therapy.34 The  NGAL  sensitivity  and  specificity
easured  at  6  hours  were  84.2%  and  31.9%,  respectively,  and

hose  measured  at  12  hours  were  78.9%  and  38.3%,  respec-
ively,  when  the  cut-off  value  for  the  diagnosis  of  AKI  was
50  ng.mL-1.  Similar  to  the  results  of  our  study,  the  study
f  Orsolya  et  al.,  examining  the  efficacy  of  plasma  NGAL
evels  after  RALP,  found  that  the  NGAL  levels  measured  at

 hours  were  more  sensitive  in  detecting  AKI  compared  to
hose  measured  at  12  hours,  and  the  sensitivity  and  speci-
city  of  the  NGAL  levels  measured  to  detect  AKI  at  6  hours
ere  81.82%  and  55.17%,  respectively,  while  those  measured
t  12  hours  were  found  to  be  72.73%  and  62.07%,  respec-
ively,  when  the  cut-off  value  for  the  diagnosis  of  AKI  was
50  ng.dL-1.11 In  a  study  by  Cruz  et  al.,  conducted  on  evalu-
ting  the  plasma  NGAL  levels  for  the  early  detection  of  AKI
n  adult  patients  in  ICU,  the  sensitivity  of  plasma  NGAL  in

he  first  48  hours  was  found  to  be  73%  and  its  specificity  was
1%  when  the  cut-off  value  was  150  ng.mL-1.10

The  study  showed  that  NGAL  evaluation  through  time  is
ifferent  between  RRP  and  RALP.  We  found  that  NGAL  lev-
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ls  measured  for  RALP  at  6  hours  and  NGAL  levels  measured
or  RRP  at  12  hours  were  more  significant  in  detecting  AKI.
n  a  previous  study,  patients  undergoing  urogenital  laparo-
copic  surgery  had  higher  postoperative  NGAL  levels  at  both

 and  12  hours,  serum  NGAL  was  peaked  at  6  hours,  and
his  increase  was  significantly  at  6  hours  when  compared
o  12-hours  serum  NGAL  levels.35 This  may  be  explained  to
he  intrinsic  differences  between  RRP  and  RALP  on  renal
hysiology  during  surgery.  RALP  often  requires  pneumoperi-
oneum  with  an  intra-abdominal  pressure  of  more  than
5  mmHg.  However,  high  intra-abdominal  pressures  applied
uring  RALP  can  decrease  cardiac  output,  renal  blood  flow,
lonmerular  filtration  rate,  and  urine  output.1 Moreover,  a
estricted  fluid  treatment,  to  create  a  better  surgical  area
uring  RALP,  may  also  contribute  to  renal  impairment.20 The
ncidence  of  AKI  after  RRP  may  result  from  the  decreases  in
ardiac  output  and  renal  perfusion,  and  increased  oxidative
tress  that  are  associated  with  a  larger  amount  of  blood  loss
uring  surgery.  Furthermore,  red  blood  cell  transfusion  dur-
ng  RRP  may  also  contribute  to  the  incidence  of  AKI  after
RP.1

This  study  has  several  limitations.  First,  serum  creati-
ine  changes  were  based  on  AKI  definition.  Evaluations  of
ore  sensitive  definitions  of  AKI,  using  markers  other  than

erum  creatinine,  may  be  useful  to  confirm  the  results  of
his  study.  Second,  the  patient  population  in  the  study  was

 relatively  elderly  patient  group.  Therefore,  the  findings
f  this  study  are  not  generalized  to  the  whole  population.
hird,  the  design  of  the  study  is  a  prospective  but  nonran-
omized  trial.  A  prospective  randomized  trial  is  needed  to
onfirm  our  findings.  Finally,  although  plasma  NGAL  may  be
seful  in  early  diagnosis  of  renal  injury,  simultaneous  urinary
GAL  levels  could  also  be  more  significant.

In  conclusion,  the  results  of  our  study  showed  that  the
GAL  levels  increased  significantly  after  both  RRP  and  RALP.
lthough  the  NGAL  values  measured  at  12  hours  were  bet-
er  in  detecting  the  AKI  after  RRP,  those  measured  at  6  hours
ere  much  better  in  detecting  AKI  after  RALP.  Intraoperative
lood  loss,  and  the  amount  of  use  of  intraoperative  crystal-
oid  fluids  were  lower  and  length  of  hospital  stay  was  shorter
n  RALP.  Although  not  statistically  significant,  the  incidence
f  AKI  was  found  to  be  higher  in  RRP.  Controlled  randomized
rials  with  larger  sample  groups  will  support  the  findings  of
ur  study.
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