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RIGINAL INVESTIGATION
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Abstract
Background:  Maintaining  normocapnia  during  mechanical  ventilation  in  anesthetized  children
during laparoscopic  surgeries  is  highly  recommended.  There  is  a  debate  regarding  the  use
of capnography  (ETCO2)  as  a  trend  monitor  for  evaluation  of  arterial  carbon  dioxide  levels
(PaCO2).  We  analyzed  the  relationship  between  ETCO2 and  PaCO2 with  time  in  elective  pediatric
laparoscopic  surgeries.
Methods:  This  study  was  a  prospective  observational  cohort  analysis  of  116  paired  comparisons
between PaCO2 and  ETCO2 computed  from  29  children  (ASA  I,  12---72  months).  Arterial  blood
samples were  withdrawn  before,  at  15  minutes  and  30  minutes  during  pneumoperitoneum  and
1 minute  after  deflation.  ETCO2 value  was  recorded  simultaneously,  while  arterial  blood  was
withdrawn. PaCO2---ETCO2 relationship  was  evaluated  by  Pearson’s  correlation  coefficients  and
Bland Altman  Method  of  agreement.
Results:  Out  of  the  116  comparisons  analyzed,  a  PaCO2---ETCO2 difference  beyond  0  to  ≤  5  mmHg
was recorded  in  71  comparisons  (61.2%)  with  negative  difference  in  34  comparisons  (29.3%).
A positive  significant  correlation  between  PaCO2 and  ETCO2 was  recorded  before  (r  =  0.617,
p =  0.000)  and  at  15  minutes  (r  =  0.582,  p  =  0.001),  with  no  significant  correlation  at  30  minutes
(r =  0.142,  p  =  0.461),  either  after  deflation  (r  =  0.108,  p  =  0.577).  Bland-Altman  plots  showed
2 and  PaCO2 before  inflation  with  mean  PaCO2-ETCO2 difference
agreement  between  ETCO

0.14 ±  5.6  mmHg  (limits  of  95%  agreement  -10.84---11.2,  simple  linear  regression  testing  p-
value 0.971),  with  no  agreement  at  15  minutes  (0.51  ±  7.15,  -13.5---14.5,  p  =  0.000),  30  minutes.
(2.62 ±  7.83,  -12.73---17.97,  p  =  0.000),  or  after  deflation  (1.81  ±  6.56,  -10.93---14.55,  p  =  0.015).
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Conclusion:  Usage  of  capnography  as  a  trend  monitor  in  pediatric  laparoscopic  surgeries  may
not be  a  reliable  surrogate  for  PaCO2 levels.
Trial  registration:  Clinical  Trials.  gov  (Identifier:  NCT03361657)
© 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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n  2008  the  World  Federation  of  Societies  of  Anesthesi-
logists  (WFSA)  produced  international  standards  for  the
afe  practice  in  anesthesia  which  contained  pulse  oxime-
ry  and  capnography.1 Capnography  provides  a  non-invasive
stimation  of  arterial  CO2 levels.  It  permits  physicians
o  titrate  their  protocols  for  mechanical  ventilation  to
aintain  normocapnia  in  operative  theatres  and  in  the

ntensive  care.2 To  avoid  perioperative  central  nervous  sys-
em  derangements,  clinicians  recommend  the  maintenance
f  normocapnia  during  intraoperative  mechanical  ventila-
ion  in  pediatric  patients  specially  in  younger  individuals,
emodynamic  instability  and  in  certain  operative  techniques
uch  as  carbon  dioxide  pneumoperitoneum  in  laparoscopic
urgeries.3---5

Clinicians  commonly  evaluate  the  arterial  carbon  dioxide
artial  pressure  by  intermittent  arterial  blood  gas  analysis
oupled  with  continuous  recording  of  the  end-tidal  carbon
ioxide  by  capnography.6,7 Moreover,  some  clinicians  aspi-
ate  a  single  arterial  blood  gas  at  the  beginning  of  managing

 case  intraoperatively  to  calculate  PaCO2---ETCO2 difference
hen  employ  capnography  as  a  trend  monitor  to  evaluate  and
ontrol  changes  in  arterial  carbon  dioxide  partial  pressure
alue,  afterwards.8

Normally,  in  healthy  individuals  there  is  a  positive  gap
etween  arterial  CO2 and  ETCO2 (ETCO2 <  PaCO2)  of  approxi-
ately  0.5  kPa  (3.75  mmHg).6 Negative  gaps  (ETCO2 > PaCO2)
ere  recorded  in  34%  of  patients  in  pediatric  critical
are  and  during  general  anesthesia.7,9,10 They  occur  most
requently  in  children  aged  4---8  years,9 with  decreasing
aCO2 values,7,9 and  with  a  dead  space/tidal  volume  ratio
f  less  than  0.4.10 Certain  procedures  such  as  pediatric
aparoscopic  capnoperitoneum  are  associated  with  rapidly
hanging  levels  of  both  PaCO2 and  ETCO2.11 This  in  turn  can
urther  affect  the  PaCO2---ETCO2 difference.

In  this  study,  our  aim  was  to  investigate  the  correlation
nd  agreement  between  ETCO2 measured  by  capnography
nd  arterial  PaCO2 measured  by  arterial  blood  gas  analysis
nd  to  calculate  the  PaCO2---ETCO2 difference  during  pedi-
tric  laparoscopic  surgeries.

atients and methods

thical  considerations

his  Prospective  observational  Cohort  was  conducted  in

he  Pediatric  hospital,  faculty  of  medicine,  Assiut  Univer-
ity,  Assiut,  Egypt  after  obtaining  an  IRB  approval  from  its
edical  Ethics  committee  (Protocol  ID:  17300081,  date;  13-
-2017).  Registration  in  Clinical  Trials.  gov  (NCT03361657)
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as  accomplished  before  patient  enrollment.  This  study
ollows  the  ‘‘STROBE’’  guidelines  for  observational  studies
STrengthening  the  Reporting  of  OBservational  studies  in  Epi-
emiology).  A  written  informed  consent  was  taken  from  the
egal  guardians  of  children.

tudy  population

wenty-nine  children  of  both  sexes,  aged  from  12  to  76
onths,  ASA  I  and  II  and  scheduled  for  elective  laparoscopic

bdominal  or  urologic  surgery  (e.g  undescended  testis,
epair  for  inguinal  hernia,  cholecystectomy),  were  enrolled
n  this  study.  Excluded  from  the  study  were  patients  with
ignificant  cardiac  or  respiratory  disease.

tudy  protocol

o  sedative  premedication  was  administered.  Monitoring
ncluded  electrocardiography,  non-invasive  blood  pressure,
nd-tidal  capnography,  and  pulse  oximeter  (Shenzhen  Min-
ray  Bio-Medical  Electronics  Co,  Ltd.,  China).  Anesthesia
nduction  started  with  sevoflurane  inhalation  followed  with
enous  cannulation,  and  the  administration  of  1  �g.kg-1 fen-
anyl,  1---1.  5  mg.kg-1 lidocaine  and  atracurium  0.5  mg.kg-1

or  muscle  relaxation.  Older  children  also  received  iv
ropofol  2---3  mg.kg-1 during  induction  of  anesthesia,  if
eeded.  An  appropriately  sized  cuffed  endotracheal  tube
as  inserted.  A  cannula  in  the  radial  artery  was  inserted  to
e  used  for  withdrawal  of  arterial  blood  samples.  Patients
ere  mechanically  ventilated  in  volume-control  mode  using

tandard  pediatric  breathing  circuits  with  tidal  volume
---10  mL.kg-1,  and  at  respiratory  rates  of  15---25  breaths  per
inute  depending  on  the  patient’s  age  which  finally  adjusted

o  achieve  an  end-tidal  CO2 (ETCO2)  of  35---45  mm.Hg,  and  a
arget  SaO2%  ≥  97%.  Any  unnecessary  connections  that  may
ncrease  the  dead  space  were  removed.

Laparoscopic  surgeries  were  performed  according  to  the
tandard  protocols.  Pneumoperitoneum  was  achieved  using
on-heated  non-humidified  CO2 with  the  intra-abdominal
ressure  maintained  at  10---12  mmHg.  Sevoflurane  in  a  50%
xygen/air  mixture  and  0.15  mg.kg-1 atracurium  at  fixed
ntervals  were  used  for  maintenance  of  anesthesia  and  mus-
le  relaxation,  respectively.  All  patients  received  15  mg.kg-1

ntravenous  paracetamol  and  0.2  mg.kg-1 dexamethasone.
Patients’  hemodynamics,  arterial  blood  gas  analysis  and

TCO2 values  were  recorded  at  four  predetermined  time
oints:  T1;  after  stabilization  of  the  mechanical  ventilation

efore  inflation  of  pneumoperitoneum,  T2;  15  min.  after
neumoperitoneum,  T3;  30  min.  after  pneumoperitoneum
nd  T4;  1  min.  after  deflation  of  pneumoperitoneum  before
eversal  of  muscle  paralysis  and  extubation.
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Table  1  Patients’  demographic  and  clinical
characteristics.

Item  Study  cohort  (n  =  29)

Age  (months)  36  (12---72)
Weight  (Kg)  15  (8---35)
Sex:  Male/female 24/5
ASA  Class:  I/II 29/0
Insufflation  pressure  (cm.H2O)  12  (10---12)
Operation  time  (min.)  39.7  ±  14.1  (34.3---45.1)
Pathological  diagnosis:
Chronic  cholecystitis  4
Congenital  Inguinal  hernia  4
Congenital  adrenal  hyperplasia  2
Gastric  volvulus  1
Undescended  testis  18
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ETCO2 concentrations  were  measured  using  an  ade-
uately  calibrated  infrared  mainstream  capnometer  (Datex
nstrument  Corp.,  Helsinki,  Finland)  with  the  Port  connected
etween  the  proximal  end  of  the  endotracheal  tube  and
he  breathing  circuit.  Arterial  blood  samples  were  obtained
oated  with  heparin.  At  each  selected  timepoint,  the  ETCO2

alue  was  recorded  simultaneously  while  the  arterial  blood
as  withdrawn.

At  the  end  of  the  surgery,  sevoflurane  was  turned  off
nd  patients  were  extubated  awake  after  reversal  of  muscle
elaxation  with  neostigmine  and  atropine.  After  extubation,
atients  were  transferred  to  the  Post  Anesthesia  Care  Unit
PACU)  to  be  discharged  to  the  ward,  afterwards.

tatistics

he  primary  aim  in  this  study  was  to  investigate  the  rela-
ionship  between  ETCO2 and  PaCO2 with  time  in  pediatric
aparoscopic  surgery  by  computation  of  Pearson’s  correla-
ion  coefficient  analysis  and  the  agreement  between  the
wo  monitors  by  the  Bland  Altman  method.  Secondary  out-
omes  were  the  correlations  and  relationships  between  the
aCO2---ETCO2 difference  and  PaCO2,  ETCO2,  age,  weight,
nd  duration  of  the  operative  procedure.  Using  the  G-Power
alculator  3.1.9.7  for  sample  size  determination,  a  mini-
um  of  26  patients  for  this  cohort  would  be  sufficient  for

ur  statistical  testing  based  on  a  priori  analysis  with  t tests
amily:  correlation  biserial  model  for  one  sample  at  a two
ailed  type  I error  of  0.05,  and  a  power  of  0.8  and  effect  size
f  0.5.  Thirty-two  patients  were  enrolled  to  compensate  for
he  dropouts.

Statistical  analysis  was  conducted  by  the  Statistical  Pack-
ge  for  the  Social  Sciences  (SPSS)  software  version  20  for
icrosoft  Windows  (SPSS  Inc.,  Chicago,  IL,  USA).  Data  was
hecked  for  normality  by  visual  inspection  of  histograms  and
y  the  Shapiro---Wilk  test.  Continuous  data  was  presented
s  mean  ±  SD  with  95%  confidence  interval  if  normally  dis-
ributed,  and  as  median  (Interquartile  range  and  range)  if
ot  normally  distributed.  Categorical  data  was  expressed  as
umber  and  frequencies  (%).  Paired  comparisons  were  ana-
yzed  using  paired-t  tests  for  normally  distributed  data  and
ilcoxon  signed  rank  test  for  abnormally  distributed  data.

aCO2---ETCO2 difference  of  0  to  ≤  5  mmHg  was  considered  as
 clinically  acceptable  range.  Correlation  between  variables
as  carried  out  by  applying  the  Pearson  correlation  equa-

ion  for  linear  relations  and  spearman  correlation  equation
or  non-linear  correlation.  The  degree  of  correlation  was
etermined  based  on  the  coefficient  correlation  (r)  into  per-
ect  positive  (r  =  +1),  perfect  negative  (r  =  -1),  no  correlation
r  = 0),  high  degree  positive  (r  ranges  from  +0.75  to  +1),  high
egree  negative  (r:  -0.75  to  -1),  moderate  degree  positive
r:  +0.25  to  +0.75),  moderate  degree  negative  (r:  -0.25  to
0.75),  low  degree  positive  (r:  0  to  +0.25)  and  low  degree
egative  (r:  0  to  -0.25).

Bland-Altman  plots  at  each  studied  time-point  were  used

o  investigate  the  agreement  between  ETCO2 and  PaCO2

nd  this  was  furtherly  confirmed  by  simple  linear  regres-
ion  analysis.12 A  p-value  of  <0.05  was  the  cutoff  value  for
tatistical  significance.
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Data presented as median (range), mean (±SD) with 95% confi-
dence interval, range, and number.

esults

hirty-two  patients  were  enrolled  in  this  study.  Three
atients  were  dropped  because  of  protocol  violation  (diag-
ostic  laparoscopy  of  short  duration).  Twenty-nine  patients
uccessfully  completed  the  statistical  analysis  that  yielded
16  paired  comparisons  between  the  PaCO2 and  the  ETCO2 at
ifferent  timepoints.  The  patients’  demographic  and  base-
ine  characteristics  are  listed  in  Table  1.

Compared  to  the  baseline  value  (T1),  both  the  arterial
arbon  dioxide  partial  pressure  (PaCO2) and  the  end-tidal
arbon  dioxide  (ETCO2)  significantly  increased  at  15  min.
fter  inflation  of  the  pneumoperitoneum  and  continued  to
ncrease  at  30  min.  after  inflation  (p  <  0.001).  After  defla-
ion  of  the  pneumoperitoneum,  both  variables  remained
ignificantly  higher  than  their  respective  base  line  values
p  <  0.001),  (Table  2).  The  median  PaCO2---ETCO2 difference
ncreased  at  30  min.  after  inflation  of  the  pneumoperi-
oneum  and  after  deflation  of  the  pneumoperitoneum
p  >  0.05)  (Table  2).

Out  of  the  116  paired  comparisons  of  PaCO2 and  ETCO2

nalyzed  in  this  cohort  study,  PaCO2---ETCO2 difference
eyond  0  to  ≤  5  mmHg  was  recorded  in  71  (61.2%)  compar-
sons  and  negative  PaCO2---ETCO2 difference  was  recorded
n  34  comparisons  (29.3%).  One  child  showed  a  negative
aCO2---ETCO2 difference  at  the  four  timepoints  studied.
egative  PaCO2---ETCO2 difference  was  recorded  at  three
imepoints  in  4  children,  at  two  timepoints  in  4  children
nd  at  1  timepoint  in  10  children.

A  moderate  degree  positive  correlation  between  the
aCO2 and  ETCO2 was  recorded  before  inflation  of  the  pneu-
operitoneum  (r  =  0.617,  p  =  0.000)  and  at  15  min.  after

nflation  of  the  pneumoperitoneum  (r  =  0.582,  p  =  0.001),
Fig.  1  A  and  B).  No  significant  correlation  was  recorded
etween  PaCO2 and  ETCO2 at  30  min.  after  inflation  of
he  pneumoperitoneum  (r  =  0.142,  p  =  0.461),  either  after
eflation  of  the  pneumoperitoneum  (r  =  0.108,  p  =  0.577).
he  PaCO ,  ETCO and  PaCO -ETCO at  the  selected  time-
2 2 2 2

oints  did  not  show  significant  correlation  with  age,  weight,
perative  time,  or  Insufflation  pressure  (data  not  repre-
ented).
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Table  2  Paired  sample  statistics  of  Arterial  Carbon  Dioxide  Partial  pressure  (PaCO2)  and  the  End-Tidal  Carbon  Dioxide  (ETCO2)
(mmHg).

Study  cohort  (n  =  29)
Time

Arterial  carbon  dioxide
partial  pressure  (PaCO2)

End-tidal  carbon
dioxide  (ETCO2)

Arterial-end-tidal  carbon
dioxide  difference
(PaCO2---ETCO2)

T1:  Before  inflation  37.6  ±  6.3  (35.2---40.0)  37.5  ±  6.4  (35.04---39.9)  2.7  (6.9)  (-13.0---7.0)
T2: 15  min.  after  inflation  42.0  ±  8.8b (38.6---45.2)  41.4  ±  4.8c (39.6---43.2)  3.0  (11.6  t)  (-13---12.0)
T3: 30  min.  after  inflation  45.2  ±  7.5c (42.4---48.1)  42.6  ±  3.6c (41.2---43.9)  5.1  (6.5)  (-22.9---12.4)
T4: After  deflation  42.3  ±  5.9b (40.1---44.6)  40.5  ±  3.6c (39.1---41.9)  4.0  (6.9)  (-19.0---11.0)

Data presented as mean ± SD with 95% confidence interval and median (Interquartile Range [IQR] and range). p < 0.05 denotes significant
difference compared to baseline value (T1).
a p < 0.05.

b p < 0.01.
c p < 0.001.

Figure  1  A,  Relationship  between  the  End-Tidal  Carbon  Dioxide  (ETCO2)  and  Arterial  Carbon  Dioxide  (PaCO2)  before  inflation
of the  pneumoperitoneum  processed  by  Pearson  correlation  coefficient.  Correlation  is  significant  at  the  0.01  level  (2-tailed).  B,
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neumoperitoneum  processed  by  Pearson  correlation  coefficien

Bland-Altman  plots  showed  an  agreement  between  ETCO2

nd  PaCO2 before  inflation  of  the  pneumoperitoneum  with
ean  of  the  PaCO2---ETCO2 difference  as  0.14  ±  5.6  mmHg

limits  of  95%  agreement  -10.84---11.2  with  simple  lin-
ar  regression  testing  p-value  as  0.971).  No  agreement
etween  ETCO2 and  PaCO2was  found  at  the  other  time
oints  namely  at  15  min.  (mean  difference  0.51  ±  7.15,  -
3.5---14.5,  p  =  0.000),  30  min.  (mean  difference  2.62±7.83,
12.73---17.97,  p  =  0.000)  either  after  deflation  of  the  pneu-
operitoneum  (mean  difference  1.81±6.56,  -10.93---14.55,

 =  0.015),  (Fig.  2  A---D).

iscussion

rterial  blood  gas  analysis  in  this  study  revealed  that
aCO2 significantly  increased  after  inflation  of  the  pneu-
operitoneum  and  remained  high  throughout  the  operation

ompared  with  baseline  values.  These  findings  are  consis-

ent  with  the  findings  recorded  in  similar  studies.11,13,14

In  a  study  on  thirty  adult  patients  (aged  42.87  ±  7.26
ears)  undergoing  laparoscopic  nephrectomy  under  gen-
ral  anesthesia  a  significant  positive  correlation  between
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terial  Carbon  Dioxide  (PaCO2)  at  15  min.  after  inflation  of  the
rrelation  is  significant  at  the  0.01  level  (2-tailed).

TCO2 and  PaCO2 was  detected  at  baseline  (r  =  0.772,
 <  0.001)  and  at  1h  (r  =  0.880,  p  <  0.001)  and  2h  (r  =  0.896,
 <  0.001)  after  pneumoperitoneum.  The  authors  concluded
hat  continuous  ETCO2 monitoring  is  a  reliable  indicator
f  the  trend  in  arterial  carbon  dioxide  fluctuations  in  ASA
---II  patients  undergoing  laparoscopic  nephrectomy  under
eneral  anesthesia.11 In  contrast,  we  found  a  positive  cor-
elation  between  PaCO2 and  ETCO2 before  inflation  of  the
neumoperitoneum  (r  =  0.617,  p  =  0.000)  and  at  15  min.  after
nflation  of  the  pneumoperitoneum  (r  =  0.582,  p  =  0.001)
ith  no  correlation  afterwards.

Ickx  et  al.,  investigated  a  cohort  of  129  ASA  I---II  children
aged  1  day  to  15  years  old)  intubated  and  mechanically  ven-
ilated  undergoing  different  surgical  procedures.  Based  on

 single  comparison  between  PaCO2 and  ETCO2 performed
rior  to  surgery,  they  reported  a  significant  correlation
etween  PaCO2 and  ETCO2 (r  =  0.66  and  p  <  0.0001).  They
lso  found  a  significant  negative  correlation  between  PaCO2-
TCO2 difference  with  age  (r  =  -0.42,  p  <  0.0001)  and  weight

r  =  -0.44,  p  < 0.0001).  They  concluded  that  ETCO2 remains

 key  tool  as  a  trend  monitor  for  arterial  carbon  dioxide,
ut  PaCO2 cannot  be  extrapolated  accurately  in  children  <  4
onths  or  <  5  kg  body  weight.9 In  this  study,  age  and  weight
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Figure  2  A,  Bland-Altman  plots  comparing  PaCO2 and  ETCO2 before  inflation  of  the  pneumoperitoneum.  Mean  difference  is
0.14 ±  5.6  mmHg  (limits  of  95%  agreement  -10.84---11.2  mmHg).  Mean1;  Each  PaCO2---ETCO2 Pair  Mean  (mmHg)  before  inflation  of  the
pneumoperitoneum.  Diff1;  Difference  in  PaCO2---ETCO2 Pair  (mmHg)  before  inflation  of  the  pneumoperitoneum,  (n  =  29).  B,  Bland-
Altman plots  comparing  PaCO2 and  ETCO2 at  15  min.  after  inflation  of  the  pneumoperitoneum.  Mean  difference  0.51  ±  7.15  (limits  of
95% agreement  -13.5---14.5).  Mean2;  Each  PaCO2---ETCO2 Pair,  Mean  (mmHg)  at  15  min.  after  inflation  of  the  pneumoperitoneum.  Diff2;
Difference in  PaCO2---ETCO2 Pair  (mmHg)  at  15  min.  after  inflation  of  the  pneumoperitoneum,  (n  =  29).  C,  Bland-Altman  plots  com-
paring PaCO2 and  ETCO2 at  30  min.  after  inflation  of  the  pneumoperitoneum.  Mean  difference  2.62  ±  7.83  (limits  of  95%  agreement
-12.73---17.97)  Mean3;  Each  PaCO2---ETCO2 Pair,  Mean  (mmHg)  at  30  min.  after  inflation  of  the  pneumoperitoneum.  Diff3;  Difference
in PaCO2---ETCO2 Pair  (mmHg)  at  30  min.  after  inflation  of  the  pneumoperitoneum,  (n  =  29).  D,  Bland-Altman  plots  comparing  PaCO2

and  ETCO2 after  deflation  of  the  pneumoperitoneum.  Mean  difference  1.81  ±  6.56  (limits  of  95%  agreement  -10.93---14.55)  Mean4;
E neum
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ach PaCO2---ETCO2 Pair,  Mean  (mmHg)  after  deflation  of  the  p
fter deflation  of  the  pneumoperitoneum,  (n  =  29).

id  not  show  correlation  with  changes  in  the  PaCO2,  ETCO2

ither  with  the  PaCO2---ETCO2 difference.  An  explanation  to
ur  findings  is  that  we  investigated  a  homogenous  sample
ith  narrow  age  range  (12---72  months)  compared  with  the

ckx’s  study.9

Onodi  et  al.  conducted  a  retrospective  analysis  on  799
ediatric  patients  scheduled  for  different  surgical  opera-
ions  who  were  and  intubated  and  mechanically  ventilated
median  age  6.8  [range:  0---18.1]  years  old).  Data  sets  from

452  blood  gas  analysis  samples  were  coupled  with  vital
igns  monitoring,  anesthesia  gas  analysis  and  spirometry
ata.  They  found  that  the  bias  in  mean  arterial  to  end-tidal
arbon  dioxide  difference  was  -0.18  kPa  (limits  of  95%  agree-

u
t
I
m

5

operitoneum.  Diff4;  Difference  in  PaCO2---ETCO2 Pair  (mmHg)

ent  -1.10  to  0.74)  and  71.2%  of  samples  demonstrated
egative  values.  They  concluded  that  ETCO2 monitoring  can
e  considerably  misleading  particularly  in  healthy  patients
ndergoing  surgery.15 In  accordance,  Yang  et  al.  in  their
rospective  cohort  study  that  included  445  paired  compar-
sons  of  PaCO2 and  ETCO2 from  137  pediatric  patients  with
raumatic  brain  injury  who  were  intubated  and  mechani-
ally  ventilated  in  PICU,  they  also  found  a  weak  agreement
etween  PaCO2 and  ETCO2. They  concluded  that  ETCO2 val-

es  are  not  a  reliable  substitute  for  PaCO2 values  during
he  first  24  hours  after  pediatric  traumatic  brain  injury.16

n  accordance,  in  this  study,  agreement  between  the  two
onitors  was  recorded  only  before  inflation  of  the  pneu-
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operitoneum,  with  no  agreement  either  during  or  after
eflation  of  the  pneumoperitoneum.  These  findings  suggest
hat  ETCO2 monitoring  during  laparoscopic  surgery  may  not
e  accurate  specially  in  prolonged  cases.17,18

Nunn  and  Hill  recommended  that  the  arterial  to  end-
idal  CO2 difference  (PaCO2---ETCO2)  during  anesthesia  in
ealthy  individuals  is  relatively  constant  assuming  that  the
ap  between  PaCO2 and  ETCO2 is  positive  (PaCO2 >  ETCO2)
nd  of  approximately  0.5  kPa  that  increases  with  age.6 In
ontrast,  in  this  study  the  PaCO2---ETCO2 difference  showed
ariations  between  patients  and  in  the  same  patient  at  dif-
erent  timepoints.  These  results  also  suggest  that  ETCO2

onitoring  can  be  misleading  in  the  patient  group  we  inves-
igated.

Anatomic  and  physiologic  dead  space  results  in  PaCO2

alues  that  are  higher  than  ETCO2 values  when  paired
omparisons  are  done  simultaneously.16 The  alveolar  CO2

oncentrations  are  a  little  higher  than  the  arterial  CO2

oncentrations  in  blood.  This  positive  gap  is  attributed  to
he  mixture  between  alveolar  gas  that  contains  CO2 and
he  exhalation  gas  deprived  from  CO2 coming  from  the
natomic  dead  space.16,19 However,  in  this  study  29.3%  of
ur  PaCO2---ETCO2 paired  comparisons  showed  negative  gaps
ith  ETCO2 >  PaCO2.  Similar  studies  also  reported  this  neg-
tive  gap  in  healthy  anesthetized  children  of  71.3%15 and
4%,9 and  in  pediatric  intensive  care  (22.7%).7

A  negative  PaCO2-ETCO2 difference  has  been  reported  in
hildren  aged  4---8  years,9 with  decreasing  PaCO2 values7,9

nd  with  a  dead  space/tidal  volume  ratio  of  less  than
.4.10 The  normal  physiologic  dead  space  to  tidal  volume
atio  (Vd/Vt)  is  0.20---0.35.10,19,20 Physiologic  dead  space
entilation  is  the  sum  of  anatomical  dead  space  from
he  conducting  airways  and  alveolar  dead  space  due  to
isease  processes  and/or  ventilatory  techniques.  Increase
n  physiologic  dead  space  increases  the  PaCO2---ETCO2

ifference.10,19,20

Pneumoperitoneum  with  carbon  dioxide  as  an  insufflat-
ng  gas  is  associated  with  CO2 absorption  and  increased  CO2

oncentration  in  the  bloodstream,  increasing  both  ETCO2

nd  PaCO2 values.21 Ventilatory  techniques  commonly  used
o  overcome  such  problem  (higher  respiratory  rates  and  low
idal  volumes)  can  iatrogenic  ally  increase  the  physiologic
ead  space  with  inadequate  ventilation  of  dependent  well
erfused  alveoli.7 This  results  in  the  accumulation  of  CO2 in
he  lower  airway  thus  the  exhaled  CO2 in  the  terminal  part
f  phase-3  capnography  may  exceed  the  mean  PaCO2,  resul-
ing  in  a  negative  PaCO2---ETCO2 difference.7,9 Onodi  et  al.
n  their  study  found  that  hypocapnia  is  a  strong  predictor  for
ower  or  more  negative  PaCO2---ETCO2 difference.15 So,  as  a
rial  to  control  elevations  of  PaCO2 in  pediatric  laparoscopy,
atrogenic  hypocapnia  can  pass  unnoticed  with  its  deleteri-
us  effects  on  the  cerebral  circulation  in  this  vulnerable  age
roup.

Non-invasive  transcutaneous  carbon  dioxide  (PtcCO2)
onitoring  is  another  modality  that  can  continuously  pre-
ict  PaCO2 particularly  in  prolonged  laparoscopic  procedures
nd  the  agreement  between  PtcCO2 and  PaCO2 has  been
onfirmed  in  many  studies.18,22---24 Future  studies  are  needed

o  prove  its’  agreement  with  the  PaCO2 in  children  and  to
nvestigate  how  to  overcome  its  technical  drawbacks  such
s  slow  response  time,  long  warm-up  time  and  difficulties
ith  patients’  skin  contact.

6
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In  this  study,  arterial  blood  gas  samples  were  withdrawn
hrough  an  arterial  cannula  inserted  in  the  radial  artery  to
void  repeated  arterial  punctures.  The  overall  incidence  of
omplications  of  arterial  cannulation  in  infants  and  children
s  less  than  0.2%.  We  selected  the  radial  artery  for  cannula-
ion  because,  it  carries  less  risk  of  complications  compared
o  other  routes  such  as  the  femoral  route.25

Limitations  to  this  cohort  were  that  we  investigated
atients  with  healthy  lungs  anesthetized  in  the  supine
osition  and  the  small  sample  size.  Further  studies  of
arger  sample  size  investigating  diverse  pediatric  popu-
ations  undergoing  laparoscopic  surgeries  under  different
ositions  are  needed.

In  conclusion,  we  recommend  that  the  use  of  capnog-
aphy  as  a  trend  monitor  during  pediatric  laparoscopic
urgeries  may  not  be  a  reliable  surrogate  for  arterial  PaCO2

evels.

inancial support

his  work  was  supported  from  our  departmental  resources.

uestion

s  the  relationship  between  capnography  (ETCO2)  and  arte-
ial  carbon  dioxide  levels  (PaCO2)  is  constant  so  that  we  can
ely  on  ETCO2 as  a  reliable  surrogate  to  PaCO2 in  pediatric
aparoscopy?

eaning

he  use  of  capnography  in  pediatric  laparoscopic  surgeries
ay  not  be  a  reliable  surrogate  for  arterial  PaCO2 levels.

indings
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nalyzed  in  this  cohort  study  a PaCO2---ETCO2 difference
eyond  the  recommended  range  of  0  to  ≤  5  mmHg  was
ecorded  in  71  (61.2%)  comparisons  with  Negative  difference
ETCO2 >  PaCO2) in  34  comparisons  (29.3%).  A positive  corre-
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ation  afterwards.  Bland  Altman  method  showed  agreement
etween  ETCO2 and  PaCO2 before  inflation  of  the  pneu-
operitoneum,  with  no  agreement  during  or  after  deflation

f  the  pneumoperitoneum.

onflicts of interest

he  authors  declare  no  conflicts  of  interest.

eferences

1. Merry AF, Cooper JB, Soyannwo O, Wilson IH, Eichhorn JH. Inter-

national standards for a safe practice of anesthesia 2010. Canad
J Anesth. 2010;57:1027---34.

2. Whitaker DK. Time for capnography --- everywhere. Anaesthesia.
2011;66:544---9.

http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0005
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0010


hesi

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

Care. 2016;31:150---6.
25. Gleich SJ, Wong AV, Handlogten KS, Thum DE, Nemergut ME.
Brazilian  Journal  of  Anest

3. McCann ME, Soriano SG. Perioperative central nervous system
injury in neonates. Br J Anaesth. 2012;109 Suppl.1:i60---7.

4. Ringer SK, Ohlerth S, Carrera I, et al. Effects of hypotension
and/or hypocapnia during sevoflurane anesthesia on perfusion
and metabolites in the developing brain of piglets --- a blinded
randomized study. Pediatr Anesth. 2016;26:909---18.

5. McCann ME, Schouten AN, Dobija N, et al. Infantile postop-
erative encephalopathy: perioperative factors as a cause for
concern. Pediatrics. 2014;133:e751---7.

6. Nunn JF, Hill DW. Respiratory dead space and arterial to endti-
dal carbon dioxide tension difference in anesthetized man. J
Applied Physiol. 1960;15:383---9.

7. Goonasekera C, Goodwin A, Wang Y, Goodman J, Deep A.
Arterial and end-tidal carbon dioxide difference in pediatric
intensive care. Indian J Crit Care Med. 2014;18:711---5.

8. Woodham V, Railton KL. End-tidal carbon dioxide moni-
toring during paediatric general anaesthesia. Anaesthesia.
2018;73:646---7.

9. Ickx B, Dolomie JO, Benalouch M, Melot C, Lingier P. Arterial
to end-tidal carbon dioxide tension differences in infants and
children. Anaesth Clin Res. 2015;6:2155---6148.

0. McSwain SD, Hamel DS, Smith PB, et al. End-tidal and arte-
rial carbon dioxide measurements correlate across all levels of
physiologic dead space. Respiratory Care. 2010;55:288---93.

1. Jayan N, Jacob JS, Mathew M. Anaesthesia for laparoscopic
nephrectomy: Does end-tidal carbon dioxide measurement cor-
relate with arterial carbon dioxide measurement? Indian J
Anaesth. 2018;62:298---302.

2. Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet.
1986;1:307---10.

3. Tanaka T, Satoh K, Torii Y, Suzuki M, Furutani H, Harioka T.
Arterial to end-tidal carbon dioxide tension difference during
laparoscopic colorectal surgery. Masui. 2006;55:988---91.

4. Seed RF, Shakespeare TF, Muldoon MJ. Carbon dioxide
homeostasis during anaesthesia for laparoscopy. Anaesthesia.
1970;25:223---31.
5. Onodi C, Bühler PK, Thomas J, Schmitz A, Weiss M. Arterial
to end-tidal carbon dioxide difference in children undergoing
mechanical ventilation of the lungs during general anaesthesia.
Anaesthesia. 2017;72:1357---64.

7

ology  2024;74(5):744261

6. Yang JT, Erickson SL, Killien EY, Mills B, Lele AV, Vavilala MS.
Agreement between arterial carbon dioxide levels with end-
tidal carbon dioxide levels and associated factors in children
hospitalized with traumatic brain injury. JAMA Netw Open.
2019;2:e199448.

7. Klopfenstein CE, Schiffer E, Pastor CM, Beaussier M, Francis
K, Soravia C, et al. Laparoscopic colon surgery: unrelia-
bility of end-tidal CO2 monitoring. Acta Anaesthiol Scand.
2008;52:700---7.

8. Xue Q, Wu X, Jin J, Yu B, Zheng M. Transcutaneous carbon
dioxide monitoring accurately predicts arterial carbon dioxide
partial pressure in patients undergoing prolonged laparoscopic
surgery. Anesth Analg. 2010;111:417---20.

9. Yamanaka MK, Sue DY. Comparison of arterial-end tidal PCO2
difference and dead space/tidal volume ratio in respiratory
failure. Chest. 1987;92:832---5.

0. Burrows FA. Physiologic dead space, venous admixture, and
the arterial to end-tidal carbon dioxide difference in infants
and children undergoing cardiac surgery. Anesthesiology.
1989;70:219---25.

1. Liem MS, Kallewaard JW. de Smet AM, van Vroonhoven
TJ. Does hypercarbia develop faster during laparoscopic
herniorrhaphy than during laparoscopic cholecystectomy?
Assessment with continuous blood gas monitoring. Anesth
Analg. 1995;81:1243---9.

2. Nosovitch MA, Johnson JO, Tobias JD. Noninvasive intraopera-
tive monitoring of carbon dioxide in children: end tidal versus
transcutaneous techniques. Paediatr Anaesth. 2002;12:48---52.

3. May A, Humston C, Rice J, Nemastil CJ, Salvator A, Tobias J.
Non-invasive carbon dioxide monitoring in patients with cystic
fibrosis during general anesthesia: end-tidal versus transcuta-
neous techniques. J Anesth. 2020;34:66---71.

4. Lermuzeaux M, Meric H, Sauneuf B, et al. Superiority of tran-
scutaneous CO2 over end-tidal CO2 measurement for monitoring
respiratory failure in nonintubated patients: A pilot study. J Crit
Major short-term complications of arterial cannulation for mon-
itoring in children. Anesthesiology. 2021;134:26---34.

http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0015
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0020
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0025
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0030
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0035
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0040
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0045
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0050
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0055
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0060
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0065
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0070
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0075
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0080
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0085
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0090
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0095
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0100
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0105
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0110
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0115
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0120
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125
http://refhub.elsevier.com/S0104-0014(21)00326-2/sbref0125

	End-tidal carbon dioxide measurements as a surrogate to arterial carbon dioxide during pediatric laparoscopic surgeries: a...
	Introduction
	Patients and methods
	Ethical considerations
	Study population
	Study protocol
	Statistics

	Results
	Discussion
	Financial support
	Question
	Meaning
	Findings
	Conflicts of interest
	References


