
C

T
a

B
B

a

D
b

I
c

T
d

R
A

h
©
l

Brazilian Journal of Anesthesiology 2021;71(6):607---611

LINICAL RESEARCH

he  effect  of robotic  surgery  on intraocular  pressure
nd optic  nerve  sheath  diameter:  a prospective  study

edih Balkan a,∗, Nalan Saygı Emir b, Bengi Demirayak c, Halil Çetingökd,
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Abstract
Background  and  objectives:  To  investigate  the  effect  of  the  steep  Trendelenburg  position  (35◦

to  45◦)  and  carbon  dioxide  (CO2)  insufflation  on  optic  nerve  sheath  diameter  (ONSD),  intraocular
pressure  (IOP),  and  hemodynamic  parameters  in  patients  undergoing  robot-assisted  laparo-
scopic prostatectomy  (RALP),  and  to  evaluate  possible  correlations  between  these  parameters.
Methods:  A  total  of  34  patients  were  included  in  this  study.  ONSD  was  measured  using  ultra-
sonography  and  IOP  was  measured  using  a  tonometer  at  four  time  points:  T1  (5  minutes  after
intubation  in  the  supine  position);  T2  (30  minutes  after  CO2  insufflation);  T3  (120  minutes  in
steep Trendelenburg  position);  and  T4  (in  the  supine  position,  after  abdominal  exsufflation).
Systolic and  diastolic  arterial  pressure,  heart  rate,  and  end-tidal  CO2  (etCO2)  were  also  evalu-
ated.
Results: The  mean  IOP  was  12.4  mmHg  at  T1,  20  mmHg  at  T2,  21.8  mmHg  at  T3,  and  15.6  mmHg
at T4.  The  mean  ONSD  was  4.87  mm  at  T1,  5.21  mm  at  T2,  5.30  mm  at  T3,  and  5.08  at  T4.  There
was a  statistically  significant  increase  and  decrease  in  IOP  and  ONSD  between  measurements  at
T1 and  T4,  respectively.  However,  no  significant  correlation  was  found  between  IOP  and  ONSD.
A significant  positive  correlation  was  found  only  between  ONSD  and  diastolic  arterial  pressure.
Mean arterial  pressure,  heart  rate,  and  etCO2  were  not  correlated  with  IOP  or  ONSD.
Conclusions:  A  significant  increase  in  IOP  and  ONSD  were  evident  during  RALP;  however,  there
was no  significant  correlation  between  the  two  parameters.
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ith  the  advent  of  the  Da  Vinci  Surgical  System  (Intuitive
urgical  Inc.,  Sunnyvale,  CA,  USA),  robot-assisted  laparo-
copic  prostatectomy  (RALP)  has  been  increasingly  used
n  recent  years.  This  procedure  requires  different  patient
ositions  to  facilitate  operative  exposure.  After  the  ini-
ial  supine  position,  the  patient  is  placed  in  the  lithotomy
osition  to  create  pneumoperitoneum  through  abdominal
arbon  dioxide  (CO2)  insufflation,  followed  by  the  steep
rendelenburg  position  (STP).  These  three  positions  can
ause  hemodynamic  alterations  that  may  have  an  effect  on
ntraocular  pressure  (IOP)  and  intracranial  pressure  (ICP).1,2

IOP  is  regulated  by  aqueous  humor  production  and  out-
ow.  While  the  production  of  aqueous  humor  is  usually
table,  outflow  of  aqueous  humor  to  the  venous  system  is
ffected  by  choroidal  blood  volume,  vitreous  humor  volume,
xtraocular  muscle  tone,  and  auto-regulation.3 During  surgi-
al  procedures,  possible  blood  loss  combined  with  increased
OP  can  cause  a  decrease  in  optic  nerve  perfusion  and,  even-
ually,  postoperative  vision  loss.  Avoiding  increases  in  IOP  is
mportant  in  preventing  optic  nerve  damage,  particularly  in
igh-risk  patients.

The  optic  nerve  sheath  is  the  extension  of  meninges  and
ubarachnoid  dura  mater  and  is  dilated  through  increased
CP.4 Noninvasive  measurements  of  the  dilated  optic  nerve
heath  diameter  (ONSD)  using  ultrasonography  have  been
emonstrated  to  be  directly  associated  with  the  ICP,  which
ay  increase  while  patients  are  in  the  STP.5

In  the  present  study,  we  investigated  the  effect  of  dif-
erent  operational  positions  for  RALP  on  ONSD  and  IOP.  More
pecifically,  we  aimed  to  evaluate  the  effect  of  arterial  pres-
ures,  heart  rate  (HR),  and  end-tidal  CO2  (etCO2)  on  IOP  and
NSD.  Additionally,  we  aimed  to  examine  whether  there  is
ny  correlation  between  IOP  and  ONSD.

ethods

his  study  included  34  patients  aged  50  to  80  years  who
ere  scheduled  for  RALP  at  Health  and  Sciences  University
akırkoy  Doctor  Sadi  Konuk  Training  and  Research  Hospi-
al  between  September  2017  and  August  2018.  Patients
ith  an  intracranial  lesion,  previous  intracranial  operation,
laucoma,  previous  eye  surgery,  cardiac,  hepatic,  renal,
r  neurological  disease  increasing  the  American  Society  of
nesthesiologists  (ASA)  physical  status  ≥  III,  and  those  who
id  not  provide  consent  to  participate  were  excluded  from
he  study.  All  patients  included  in  the  study  were  fully
nformed  about  the  purposes  of  the  study,  and  written  con-
ent  was  obtained  from  each.  The  study  was  approved  by  the
thics  committee  of  Health  and  Sciences  University  Bakırkoy
octor  Sadi  Konuk  Training  and  Research  Hospital  Hospital
nd  adhered  to  the  tenets  of  the  Declaration  of  Helsinki
Decree  No.  2017/212,  July  31,  2017).

All  patients  received  standard  anesthesia  induction  and
aintenance.  No  preoperative  premedication  was  adminis-

ered.  Standard  anesthesia  induction  was  performed  using

idazolam  3  mg  (intravenous  [IV]),  fentanyl  1.5  �g.kg−1

IV),  propofol  2  mg.kg−1 (IV),  and  rocuronium  bromide
.6  mg.kg−1.  Orotracheal  intubation  was  performed.  Before
urgery,  gastric  emptying  was  achieved  using  an  orogas-
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ric  tube  and  free  drainage  was  established.  All  patients
nderwent  mechanical  ventilation  in  the  pressure-regulated
olume  control  mode.  The  standard  mechanical  ventilation
etting  was  applied  as  follows:  fraction  of  inspired  oxy-
en  (FiO2)  40%;  tidal  volume  6  to  8  mL.kg−1; respiratory
ate  12  to  15  breaths/min  (intervention  in  the  presence
f  etCO2  >  40  mmHg);  inspiration/expiration  1/2;  and  pos-
tive  end-expiratory  pressure  6  to  7  cmH2O.  Maintenance  of
nesthesia  was  achieved  using  sevoflurane:  minimum  alve-
lar  concentration  1  with  fresh  gas  flow  (3  L.min−1)  and
emifentanil  0.05---0.5  �g.kg−1.min−1. Surgical  muscle  relax-
tion  was  maintained  using  repeat  doses  of  rocuronium
romide  0.10  mg.kg−1.

Arterial  blood  pressure  was  kept  constant  at  a  maximal
ecline  of  20%  compared  to  the  pre-induction  value.  All  pro-
edures  were  performed  by  a  single  experienced  urologist.
efore  termination  of  vesicoureteral  anastomosis,  crystal-
oid  fluid  was  controlled  at  a  maximum  dose  of  100  mL.

Patients  were  placed  supine,  and  a  Veress  needle  was
nserted  into  the  infra-umbilical  region  and  CO2  insuffla-
ion  was  started,  with  pressure  preset  to  12  mmHg.  Patients
ere  then  placed  in  the  STP  (35◦ to  45◦ horizontally),  which
as  the  maximal  Trendelenburg  angle  of  the  surgical  table

Maquet,  Maquet  Vertrieb  und  Service,  Deutschland,  GmbH,
ermany).

IOP  measurement  was  performed  by  one  single  trained
nesthesiologist  using  a  rebound  tonometer  (iCare  PRO,
Care  Finland  Oy,  Helsinki,  Finland).  This  tool  is  designed
o  measure  IOP  according  to  induction-based  rebound.  A
ightweight  tonometer  probe  is  accelerated  against  the
atient’s  cornea,  and  the  velocity  of  the  rebound  is  mea-
ured  using  a  specially  designed  coil  from  which  IOP  is
alculated.6 After  six  consecutive  measurements,  the  aver-
ge  of  each  set  is  displayed.

All  ONSD  measurements  were  performed  by  one  single
nesthesiologist  using  a  linear,  multi-frequency  ultrasound
ystem  (GE  Vivid  model  12L,  GE  Medical  Systems,  Madison,
I,  USA).  Using  the  visual  axis  technique,  which  is  the  most

ommon  method  for  ONSD  measurement,  a  linear  probe  was
laced  on  the  upper  eyelid,  and  ONSD  was  measured  3 mm
ehind  the  globe.7,8 The  mean  of  all  measurements  in  four
lanes  from  the  right  eye  was  calculated.

ONSD  and  IOP  were  measured  at  four  time  points:
1,  5  minutes  after  intubation  in  the  supine  position;  T2,
0  minutes  after  CO2  insufflation,  when  the  intra-abdominal
ressure  reached  12  to  14  mmHg;  T3,  120  minutes  in  STP
35◦ to  45◦),  when  the  intra-abdominal  pressure  reached
0  mmHg;  and  T4,  in  the  supine  position  after  desufflation
f  pneumoperitoneum.

Data  including  age,  weight,  and  height,  HR,  systolic
lood  pressure  (SBP),  and  diastolic  blood  pressure  (DBP),
ean  arterial  pressure  (MAP),  oxygen  saturation  (SpO2),  and

tCO2.  IOP  and  ONSD  measured  at  four  time  points,  duration
f  anesthesia,  duration  of  surgery,  duration  of  pneumoperi-
oneum,  and  duration  of  STP  were  also  recorded.

Statistical  analysis  was  performed  using  SPSS  version
2.0  software  (IBM  Corp.,  Armonk,  NY,  USA).  Descriptive
ata  are  expressed  as  mean  ±  standard  deviation  (SD),

edian  (minimum---maximum)  values,  or  number  and  fre-
uency.  The  Kolmogorov-Smirnov  test  was  used  to  determine
hether  the  data  were  normally  distributed.  The  Wilcoxon

est  was  used  to  analyze  dependent  quantitative  variables.
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Table  1  Demographic  and  clinical  characteristics  of
patients.

Variable  Min-Max  Mean  ±  SD

Age,  year  52.0---75.0  62.6  ±  5.4
Anesthesia  duration,  min 195---330 245  ±  32.0
Surgery  duration,  min  160---275  205.3  ±  44.3
CO2 insufflation,  min  135---245  176  ±  27.0
Duration  of

Trendelenburg
positioning,  min

130---225  176  ±  27.0

Weight,  kg  52---115  80  ±  10.8
Height,  cm  160---185  173  ±  5.6
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Body mass  index,  kg.m−2 21---33 29.2  ±  4.4

SD, standard deviation; CO2, carbon dioxide.

pearman’s  correlation  analysis  was  performed  to  examine
orrelations  between  the  variables.  Differences  with  p  ≤
.05  were  considered  statistically  significant.  The  sample
ize  was  estimated  using  the  free  software  G*Power  version
.1.9.2  (Franz  Faul,  University  of  Kiel,  Kiel,  Germany).9 With

 power  of  80%,  a  statistical  level  of  significance  of  0.05,  and
ffect  size  of  0.8,  the  sample  size  was  calculated  to  be  34.

esults

he  mean  (±  SD)  age  of  the  participants  was  62.6  ±  5.4
ears  (range,  52---75  years).  The  mean  duration  of  anesthesia
as  245.1  ±  32.0  min,  and  the  mean  duration  of  surgery  was
05.3  ±  44.0  min.  There  were  no  significant  differences  in
emographic  or  clinical  characteristics  among  the  patients.
aseline  demographic  and  clinical  characteristics  of  the
atients  are  summarized  in  Table  1.

There  was  a  significant  increase  in  IOP  measured  at  T2
ompared  with  T1,  at  T3  compared  with  T1,  and  at  T3  com-
ared  with  T2  (p  <  0.05).  There  was  a  significant  decrease  in
OP  at  pre-extubation  compared  with  T3  (p  <  0.05)  (Table  2).

There  was  a  significant  increase  in  ONSD  at  T2  compared
ith  T1,  and  at  T3  compared  with  T2  (p  <  0.05).  However,

here  was  no  significant  difference  in  ONSD  between  T3  and
1,  pre-extubation  and  T1,  and  the  pre-extubation  and  T3
p  >  0.05)  (Table  2).

There  was  a  significant  decrease  in  SBP  at  T2  compared
ith  T1  (p  <  0.05).  However,  there  was  no  significant  change

n  the  SBP  between  T3  and  T1,  and  between  pre-extubation
nd  T1  (p  >  0.05).  There  was  a  significant  increase  in  SBP  at
3  compared  with  T2  (p  <  0.05)  (Table  2).

There  was  no  significant  difference  in  DBP  between  T1
nd  T2,  T1  and  T3  (p  >  0.05),  and  between  pre-extubation
nd  T1  (p  >  0.05).  Although  a  significant  increase  in  DBP  was
bserved  at  T3  compared  with  T2  (p  >  0.05),  there  was  no
ignificant  difference  in  DBP  between  pre-extubation  and
3  (p  >  0.05)  (Table  2).

There  was  no  significant  difference  in  MAP  between
1  and  T2,  T1  and  T3,  and  between  pre-extubation  and
1  (p  >  0.05).  Although  a  significant  increase  in  MAP  was
bserved  at  T3  compared  with  T2  (p  >  0.05),  there  was  no

ignificant  difference  in  MAP  between  pre-extubation  and
3  (p  >  0.05)  (Table  2).

There  was  a  significant  decrease  in  HR  at  T2  com-
ared  with  T1  (p  <  0.05),  at  T3  compared  with  T1,  and  at
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re-extubation  compared  with  T1  (p  <  0.05).  A  significant
ncrease  was  observed  in  HR  at  T3  compared  with  pre-
xtubation  (p  < 0.05).  There  was  no  significant  difference  in
R  between  T2  and  T3  (p  >  0.05)  (Table  2).

There  was  a  significant  decrease  in  etCO2  at  T2  com-
ared  with  T1,  at  pre-extubation  compared  with  T1,  and
t  T3  compared  with  T2  (p  <  0.05).  There  was  no  significant
ifference  in  etCO2  between  T1  and  T3  (p  >  0.05).  On  the
ther  hand,  a  significant  increase  was  observed  in  etCO2  at
re-extubation  compared  with  T3  (p  <  0.05)  (Table  2).

Correlation  analysis  revealed  a  significant  positive  cor-
elation  only  between  ONSD  and  DBP  (p  <  0.05).  There  was
o  significant  correlation  between  IOP  and  ONSD,  SBP,  DBP,
AP,  HR,  and  etCO2  (p  >  0.05).  Finally,  there  was  no  signifi-
ant  correlation  between  ONSD  and  SBP,  MAP,  HR,  and  etCO2
p  >  0.05)  (Table  3).

iscussion

any  studies  in  the  literature  have  described  IOP  varia-
ion(s)  during  RALP.  The  studies  reviewed  by  Ackerman  et  al.
eported  a  direct  association  between  STP  and  increased
OP.10 Only  one  study  reported  MAP,  which  is  also  a  risk  factor
or  posterior  ischemic  optic  neuropathy  in  addition  to  IOP.11

here  has  been  only  one  study  that  evaluated  etCO2  and  its
elationship  with  IOP.  The  researchers  found  that  etCO2  and
urgical  duration  were  significant  predictors  of  increased  IOP
hile  patients  were  in  STP.12

In  the  present  study,  we  aimed  to  evaluate  changes  in
oth  IOP  and  ONSD  during  RALP,  and  to  examine  whether
here  was  any  correlation  between  IOP  and  ONSD.  Further-
ore,  we  aimed  to  investigate  the  effect  of  SBP  and  DBP,
R,  and  etCO2  on  IOP  and  ONSD.

The  mean  IOP  was  found  to  be  20  mmHg  after  CO2  insuf-
ation  and  21.8  mmHg  while  in  STP.  The  Trendelenburg
osition  is  associated  with  increased  intra-abdominal  pres-
ure  and  partial  pressure  of  CO2,  leading  to  a  simultaneous
ncrease  in  cerebral  blood  flow,  ICP,  and  IOP.13 Molloy  et  al.
eported  that  32.5%  of  patients  who  underwent  laparoscopic
urgery  experienced  increased  IOP  to  >  40  mmHg.14 In  con-
rast,  the  highest  IOP  recorded  in  our  study  cohort  was
2  mmHg.

Furthermore,  we  observed  a  significant  increase  in  ONSD
by  0.34  mm)  following  CO2  insufflation  and  by  0.34  mm  in
TP  compared  with  baseline  during  RALP.  However,  Blecha
t  al.  reported  no  significant  increase  in  ONSD  compared
ith  baseline  (maximal  increase  of  3.4%  [0.2  mm]).15 In
nother  study,  a  12.5%  (0.6  mm)  increase  in  ONSD  was  evi-
ent  following  CO2  insufflation  and  in  the  STP  in  20  patients
ndergoing  RALP.16 The  mean  increase  in  ONSD  was  higher
n  our  study  compared  with  the  study  by  Blecha  et  al.,  but
ower  than  the  latter  study.  The  discrepancy  in  results  may
e  attributed  to  the  fact  that  variations  in  ONSD  primarily
epend  on  demographic  characteristics  of  the  patients  and
ody  position.

Whiteley  et  al.  demonstrated  a  direct  correlation
etween  increased  ONSD  and  MAP,  which  was  not  found

n  our  study.17 We  found  significant  positive  correla-
ion  between  ONSD  and  DBP,  which  may  have  resulted
rom  decreasing  DBP  lowering  cerebral  perfusion  pressure.
lthough  both  IOP  and  ONSD  increased  in  STP,  we  did  not

9
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Table  2  Measurements  of  IOP,  ONSD  and  hemodynamic  parameters  at  prespecified  time  points.

Mean  ±  SD  (Min-Max)  pa pb

IOP,  mmHg
T1
T2
T3
T4

12,4  ±  3,1  (3,2---17,3)
20,0  ±  4,4  (11,9---30,7)
21,8  ±  4,7  (14,3---32)
15,6  ±  5,0  (6,6---30,8)

0,000c

0,000c

0,001c
0,003c

0,000c

ONSD,  mm
T1
T2
T3
T4

4,87  ±  0,34  (4,3---5,5)
5,21  ±  0,31  (4,5---5,9)
5,30  ±  0,33  (4,50---6,1)
5,08  ±  0,32  (4,30---5,7)

0,000c

0,000c

0,000c
0,000c

0,000c

SBP,  mmHg
T1
T2
T3
T4

111,0  ±  21,2  (71---172)
103,6  ±  14,3  (76---126)
105,6  ±  13,1  (84---132)
107,5  ±  27,0  (14,7---162)

0,042c

0,105c

0,829c
0,259c

0,459c

DBP,  mmHg
T1
T2
T3
T4

66,3  ±  15,3  (35---99)
70,6  ±  9,3  (54---85)
71,3  ±  9,3  (55---91)
66,1  ±  10,8  (42---85)

0,060c

0,092c

0,696c
0,523c

0,050c

MAP,  mmHg
T1
T2
T3
T4

81,3  ±  18,3  (54---134)
81,8  ±  11,5  (60---101)
83,3  ±  11,7  (61---105)
81,2  ±  15,1  (51---115)

0,830c

0,549c

0,945c
0,115c

0,514c

HR,  bpm
T1
T2
T3
T4

68,2  ±  9,7  (48---84)
53,8  ±  7,9  (44---79)
54,4  ±  6,4  (43---74)
62,3  ±  10,5  (40---80)

0,000c

0,000c

0,027c
0,589c

0,001c

etCO2,  mmHg
T1
T2
T3
T4

34,7  ±  3,8  (26---41)
32,7  ±  4,6  (24---40)
32,0  ±  4,7  (25---41)
34,7  ±  5,2  (25---43)

0,002c

0,000c

0,749c
0,044c

0,001c

T1, at 5 min, post-intubation; T2, at 30 min post-intubation; T3, at 120 min, post-intubation; T4, desufflation with supine position;
IOP, intraocular pressure; ONSD, optic nerve sheath diameter; SD, standard deviation; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; HR, heart rate; etCO2, end-tidal carbon dioxide.

a p value, compared to T1.
b p value, compared to previous measurement.
c Wilcoxon test.

Table  3  Spearman’s  rank  order  correlation  analysis  of  IOP  and  ONSD  measurement.

Variable  ONSD  (mm)  SBP  (mmHg)  DBP  (mmHg)  MAP  (mmHg)  HR  (bpm)  etCO2,  mmHg

IOP
r  0.178  0.036  0.073  0.164  0.117  -0.149
p 0.322  0.841  0.685  0.362  0.515  0.409
ONSD
r 0.262  0.408  0.321  -0.112  0.031
p 0.141  0.018  0.069  0.536  0.865

IOP, intraocular pressure; ONSD, optic nerve sheath diameter; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean
arterial pressure; HR, heart rate; etCO2, end-tidal carbon dioxide.
* Spearman correlation analysis.
r, Spearman’s rho correlation coefficient.
p < 0,05 is significant.
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increased intracranial pressure. Crit Care Med. 2019;47:e787.
19. Rosa N, Vitiello L, De Bernardo M. Optic nerve sheath diameter

measurement in hypoxic ischaemic brain injury after cardiac
arrest. Resuscitation. 2019;138:310---1.
Brazilian  Journal  of  Anesth

bserve  any  significant  correlation  between  the  two  param-
ters.  This  could  be  explained  by  the  different  mechanisms
hat  increase  IOP  and  ONSD.  Moreover,  we  did  not  find  any
orrelation  between  IOP  and  SBP,  and  DBP,  HR,  or  etCO2.

In  the  present  study,  we  used  the  B-scan  technique,  which
s  the  most  commonly  used  method  to  measure  ONSD.  Some
esearchers  have  suggested  the  use  of  the  Standardized  A-
can  technique,  a  blooming  effect-free  ultrasound  method
or  ONSD  measurement.18,19 Additionally,  performing  a  ‘‘30-
egree  test’’,  which  enables  discrimination  between  an
ncrease  in  ONSD  caused  by  raised  ICP,  and  those  associated
ith  other  diseases,  such  as  optic  neuritis  or  meningioma,  is
ossible  by  using  A-scan.  However,  the  A-scan  measurement
echnique  is  not  used  generally  in  critical  care  ultrasonog-
aphy;  therefore,  we  preferred  the  B-scan  technique,  which
s  more  familiar  to  anesthesiologists  and  used  in  the  vast
ajority  of  previous  studies.
There  were  some  limitations  to  the  present  study,  the

rst  of  which  were  its  small  sample  size  and  second,  it
as  not  a  randomized  controlled  trial.  Moreover,  we  were
nable  to  measure  IOP  and  ONSD  before  intubation  and  after
xtubation  due  to  limited  capabilities  of  the  facility.  There-
ore,  we  did  not  evaluate  the  exact  effect  of  anesthesia  and
ntubation/extubation  on  the  outcomes.  Nevertheless,  our
esults  demonstrated  that  the  STP  with  pneumoperitoneum
as  associated  with  a  significant  increase  in  IOP  and  ONSD
uring  RALP;  however,  there  were  no  significant  correlations
etween  IOP  and  ONSD.  We  also  demonstrated  a  positive  cor-
elation  between  DBP  and  ONSD.  As  such,  in  the  presence
f  increased  DBP,  operators  should  be  aware  of  the  risk  for
ncreased  ICP.  Nevertheless,  further  studies  are  needed  to
alidate  these  findings.

onclusions

he  STP  with  pneumoperitoneum  was  associated  with  a
ignificant  increase  in  IOP  and  ONSD  during  RALP.  Ultrasono-
raphic  measurement  of  ONSD  and  measurement  of  IOP  is  a
imple,  cost-effective,  and  reproducible  method  and  can  be
seful  for  anesthesiologists  in  high-risk  patients  to  evaluate
OP  and  ICP  in  the  operating  room.  Based  on  these  findings,
e  suggest  that  intraoperative  measurement  of  IOP,  and
NSD  can  be  useful  in  patients  at  high-risk  for  increased  IOP
uring  laparoscopic  surgery  requiring  Trendelenburg  posi-
ioning.
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