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Abstract
Background  and  objectives:  In  this  systematic  review,  we  carried  out  an  assessment  of  peri-
operative  costs  of  local  or  regional  anesthesia  versus  general  anesthesia  in  the  ambulatory
setting.
Methods:  A  systematic  literature  search  was  conducted  to  find  relevant  data  on  costs  and
cost-effectiveness  analyses  of  anesthesia  regimens  in  outpatients,  regardless  of  the  medical
procedure  they  underwent.  The  hypothesis  was  that  local  or  regional  anesthesia  has  a  lower
economic  impact  on  hospital  costs  in  the  outpatient  setting.  The  primary  outcome  was  the
average total  cost  of  anesthesia  calculated  on  perioperative  costs  (drugs,  staff,  resources  used).
Results: One-thousand-six-hundred-ninety-eight  records  were  retrieved,  and  28  articles  includ-
ing 27,581  patients  were  selected  after  reviewing  the  articles.  Data  on  the  average  total  costs
of anesthesia  and  other  secondary  outcomes  (anesthesia  time,  recovery  time,  time  to  home

readiness,  hospital  stay  time,  complications)  were  retrieved.  Taken  together,  these  findings
indicated that  local  or  regional  anesthesia  is  associated  with  lower  average  total  hospital  costs
than general  anesthesia  when  performed  in  the  ambulatory  setting.  Reductions  in  operating
room time  and  postanesthesia  recovery  time  and  a  lower  hospital  stay  time  may  account  for
this result.
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Conclusions:  Despite  the  limitations  of  this  systematic  review,  mainly  the  heterogeneity  of
the studies  and  the  lack  of  cost-effectiveness  analysis,  the  economic  impact  of  the  anesthesia
regimes on  healthcare  costs  appears  to  be  relevant  and  should  be  further  evaluated.
© 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  recent  decades,  industrialized  countries  have  witnessed
 significant  increase  in  medical  care  costs.1 In  the  current
imes  of  resource  constraints,  the  financial  sustainability
f  healthcare  systems  has  become  of  paramount  impor-
ance.  This  increased  the  relevance  of  economic  criteria  in
ecision-making  processes,  thus  fostering  the  diffusion  of
conomic  evaluations  in  healthcare.

With  regard  to  surgery,  the  majority  of  overall  costs  are
epresented  by  fixed  costs  and  are  highly  dependent  on  hos-
italization  and  the  length  of  stay.2 Incentives  toward  a
eaner  and  cheaper  perioperative  process  have  led  to  a  con-
inuous  increase  in  ambulatory  surgery  over  recent  years.3

owever,  the  assumption  that  ambulatory  surgery  is  always
heaper  than  inpatient  surgery  is  not  always  true:  the  out-
atient  perioperative  process  should  be  well  conceived  and
ptimized  to  minimize  its  own  fixed  costs,  as  inefficiencies
re  multiplied  by  a  high  turnover.4

The  main  factors  affecting  ambulatory  surgery  process
xed  costs  are  the  operating  room  time,  the  occupancy
f  the  postoperative  care  unit  and  the  time  to  dis-
harge.  Indeed,  the  cost-effectiveness  of  the  outpatient
erioperative  process  depends  on  its  ability  to  opti-
ize  these  most  labor-intensive  and  resource-consuming
hases.5

Regional  anesthesia  has  been  increasingly  employed  in
he  outpatient  setting,  given  its  unique  characteristics
f  selectivity  and  efficacy  in  the  control  of  acute  post-
perative  pain.  Outpatient  regional  anesthesia  economic
xternalities  have  been  investigated  by  some  studies,  which
ave  associated  its  systematic  adoption  with  a  decrease  in
nesthesia-controlled  operating  room  time  and  thus  in  the
perating  room  fixed  costs,  potentially  translating  into  a  sig-
ificant  increase  in  patient  turnover  and  ultimately  hospital
evenues.5,6 Moreover,  regional  anesthesia  is  associated  with

 very  high  postoperative  care  unit  bypass  rate  and  with
 lower  incidence  of  postoperative  anesthesia-related  side
ffects,  such  as  nausea  and  vomiting,  excessive  sedation
nd  dizziness,  which,  in  the  ambulatory  setting,  may  signi-
cantly  prolong  the  day-hospital  length  of  stay,  jeopardize
he  meeting  of  discharge  criteria  or  even  cause  unscheduled
ospital  readmissions.5,6

On  the  other  hand,  the  recent  evolution  of  general  anes-
hesia  techniques  has  led  some  to  challenge  a  supposed
uperiority  of  regional  anesthesia  techniques  in  the  out-
atient  setting  with  regard  to  their  safety  and  side-effect
rofile.  The  extensive  use  of  laryngeal  masks  and  anes-

hetic  drugs  with  a  more  favorable  pharmacokinetic  profile
as  actually  led  to  a  reduction  in  the  incidence  of  post-
perative  complications,  an  increase  in  the  postanesthesia
are  unit  (PACU)  bypass  rate  and  a  potential  reduction  in
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he  average  anesthesia-controlled  operating  room  time.7 If,
ollowing  these  recent  developments,  a  difference  in  cost-
ffectiveness  between  the  two  anesthesia  regimens  still
ersists,  it  is  not  clear.

Despite  the  importance  of  the  topic  for  the  future  devel-
pment  of  our  profession,  in  a  context  where  ambulatory
urgery  is  continuously  growing  and  has  been  estimated  to
ccount  for  the  vast  majority  of  all  surgical  procedures  in
he  near  future,1 a  systematic  review  of  all  the  contrasting
vidence  on  this  theme  is  still  lacking.

The  aim  of  this  work  is  to  provide  a  systematic  review  of
he  recent  literature  to  test  the  hypothesis  that  the  use  of
ocal  or  regional  anesthesia  is  associated  with  significantly
ower  average  total  hospital  costs  than  general  anesthesia
hen  applied  in  the  ambulatory  setting.

ethods

earch  strategy

 literature  search  of  the  electronic  PubMed/MEDLINE,
ochrane  Central  Register  of  Controlled  Trials  (CENTRAL),
eb  of  Science,  and  Google  Scholar  databases  was  carried
ut  to  find  relevant  data  on  the  costs  or  cost-effectiveness
f  general  and  local  or  regional  anesthesia  performed
n  an  ambulatory  setting.  The  primary  outcome  was  the
verage  total  cost  of  anesthesia.  Preferred  Reporting
tems  for  Systematic  Reviews  and  Meta-Analyses  (PRISMA)
uidelines  were  applied  in  carrying  out  this  systematic
eview.8

The  search  algorithm  was  based  on  the  clinicoeconomic
uestion  coded  into  the  PICO  framework  and  constructed
ombining  a  set  of  terms  referring  to  outpatient  setting
Patient),  regional  anesthesia  (Intervention),  general  anes-
hesia  (Comparator),  cost  or  cost-effectiveness  analysis
Outcome).  To  formulate  the  best  query  for  the  literature
earch,  many  attempts  were  made  to  be  sure  to  include  all
erms  relevant  for  our  clinico-economic  question.  The  final
earch  query  was  ((outpatient*)  OR  (out-patient*)  OR  (ambu-
atory)  OR  (day-surgery)  OR  (day  surgery)  OR  (day-case)  OR
day  case))  AND  ((anaesthesia)  OR  (anesthesia)  OR  (anaes-
hetic*)  OR  (anesthetic*))  AND  (general)  AND  ((block*)  OR
local)  OR  (regional)  OR  (loco-regional)  OR  (locoregional)  OR
nerve)  OR  (spinal)  OR  (epidural))  AND  ((cost-effective)  OR
cost*)  OR  (cost-efficacy)  OR  (cost-effectiveness)  OR  (cost-
tility)  OR  (economic*)).
The  last  literature  search  was  performed  on  10th May  2021
n  all  databases.  No  specific  study  design  was  defined.  Search
as  without  language  restriction.  Reference  lists  of  the

etrieved  articles  were  also  screened  for  additional  data.
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V.  Graff,  L.  Gabu

ligibility  criteria

tudies  were  included  in  the  systematic  review  when  they
et  each  of  the  following  inclusion  criteria:  a)  original  arti-

le  published  in  peer-reviewed  journal;  b)  the  study  includes
dults  only;  c)  the  study  compares  regional  and  general
nesthesia  in  outpatient  setting;  d)  the  study  reports  data  on
ost  or  cost-effectiveness  analysis.  Anesthesia  was  consid-
red  general  anesthesia  whenever  loss  of  consciousness  was
chieved,  and  arousal  was  not  achievable  at  verbal  com-
and.  With  regional  anesthesia  was  meant  any  technique

imed  at  achieving  a  reversible  loss  of  sensation  of  a  limb
r  a  body  area  through  the  administration  of  a  local  anes-
hetic  in  close  proximity  of  a  peripheral  nerve,  a  plexus  or
he  spinal  nerve  roots  or  the  spinal  cord.  Local  anesthesia
as  considered  a  reversible  loss  of  sensation  of  a  body  wall
rea  achieved  through  the  infiltration  of  a  local  anesthetic
irectly  into  tissues.  An  outpatient  setting  was  defined  as

 surgery  or  medical  treatment  for  which  the  patient  was
ischarged  the  same  day  (less  than  24  hours)  regardless  of
hether  it  required  or  not  to  occupy  a  hospital  bed.  The
verage  total  cost  of  anesthesia  per  case  encompassed  the
erioperative  costs  of  drugs,  staff  labor  and  resources  used.
eadmissions  and  complications  were  excluded  from  the
ost  calculation.

The  exclusion  criteria  were  a)  articles  not  within  the  field
f  interest  of  this  review  (for  example,  medical  procedures
ot  in  ambulatory  setting);  b)  review  articles,  letters,  or  edi-
orials;  c)  case  reports  or  case  series  (less  than  10  patients
ncluded);  and  d)  articles  published  prior  to  2000  to  restrict
he  search  to  the  recent  literature  to  retrieve  updated  costs.

tudy  selection

itles  and  abstracts  of  the  retrieved  records  were  indepen-
ently  reviewed  by  three  researchers  (MP,  GT,  FM)  applying
he  inclusion  and  exclusion  criteria  mentioned  above.  Full
exts  of  the  selected  articles  were  retrieved  and  read  to
etermine  their  eligibility  for  inclusion.  Any  disagreement
etween  authors  was  resolved  by  discussion.

uality  assessment

he  quality  of  the  studies  included  in  the  systematic  review
as  critically  assessed  using  the  Consensus  on  Health  Eco-
omic  Criteria  (CHEC)  list.9 The  assessment  tool  had  19
ndicators,  and  each  indicator  was  assessed  for  every  study
sing  yes  or  no  depending  on  whether  the  required  informa-
ion  was  reported.  The  quality  assessment  was  performed
y  two  independent  authors;  any  disagreement  between  the
uthors  was  resolved  in  a  consensus  meeting.

ata  extraction  and  analysis

or  each  included  study,  two  authors  (MP,  FM)  extracted
nformation  concerning  basic  data  (authors,  year  of  publi-

ation,  country  of  origin,  type  of  study,  medical  procedure,
umber  of  patients,  mean  age,  gender),  methods  (type
f  anesthesia,  anesthetic  drug),  and  outcomes  (average
otal  costs  and  main  findings  regarding  the  cost  analysis).
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nother  author  checked  all  extracted  data  independently
GT).  During  data  extraction  from  the  selected  studies,  the
ollowing  secondary  outcomes  were  judged  interesting  for
he  topic  and  were  also  included:  anesthesia  time,  recov-
ry  time,  time  to  home  readiness,  hospital  stay  time,  and
omplications.

All  currencies  of  the  included  studies  were  converted
o  United  States  dollars  (USD)  according  to  CCEMG  ---  EPPI-
entre  Cost  Converter  v.1.6  (last  update:  29th March  2021,
ttp://eppi.ioe.ac.uk/costconversion/default.aspx).

esults

iterature  search

he  literature  search  from  the  PubMed/MEDLINE,  Cochrane
ENTRAL,  Web  of  Science,  and  Google  Scholar  databases
ielded  a  total  of  1,698  records.  After  reviewing  titles  and
bstracts  and  excluding  those  published  prior  to  2000  and
ot  related  to  the  clinicoeconomic  question,  91  articles
ere  selected.  The  full  text  was  retrieved  for  all.  Follow-

ng  the  eligibility  assessment,  63  articles  did  not  meet  the
nclusion  criteria  and  were  excluded  from  the  systematic
eview.  Of  these,  23  were  excluded  because  not  in  the  out-
atient  setting,  17  were  reviews,  surveys,  or  abstracts,  16
id  not  include  data  on  costs,  6  reported  sparse  data  on  dif-
erent  anesthesia  types  and  medica  procedures  and  1  article
as  a  case  report.  Manual  searches  of  the  reference  lists  of

he  selected  articles  did  not  yield  any  additional  records.
inally,  28  studies  including  27,581  patients  were  identified
s  potentially  relevant  and  were  selected  for  the  system-
tic  review.10---37 All  of  the  included  studies  were  published
n  English.  These  studies  covered  the  period  from  January
000  to  May  2021.  Search  results  and  article  selection  are
isplayed  in  a  PRISMA  flow  chart  (Fig.  1).

elected  studies

he  characteristics  of  the  selected  studies  are  reported  in
able  1.  They  were  conducted  in  various  countries  across  the
orld  (Europe,  North  America,  Oceania,  Africa).  The  sam-
le  size  of  the  included  studies  ranged  from  20  to  14,713
dults  who  underwent  various  medical  procedures  under
eneral  and  local  or  regional  anesthesia  in  an  outpatient
etting.  General  anesthesia  was  compared  to  local  anesthe-
ia  in  15  studies,10,13,14,16---24,27,30,33 to  spinal  anesthesia  in  7
tudies,12,15,25,31,32,34,35 and  to  both  in  5  studies.26,28,29,36,37

edical  procedures  were  different  and  included  laryngo-
lasty,  knee  arthroscopy,  biopsy,  hernia  repair,  hysteroscopy,
nd  others.  Studies  were  included  irrespective  of  the
nduction  method  of  anesthesia  (inhalation,  infusion,
opical).  Regional  anesthetic  techniques  encompassed
xillary  brachial  plexus  block,33 ilioinguinal-hypogratric37

r  paracervical18 or  peripheral24 or  sciatic-femoral23,28,30

erve  block,  and  epidural26 or  spinal15,25,28,29,31,32,34---37 or
ntravenous  regional33 anesthesia.  Thirteen  studies  were
andomized  controlled  trials,12,22,23,25,26,28---32,34,36,37 2  of

hich  were  double-blinded,23,25 and  15  were  observational
ith  a  prospective16,27,33 or  a  retrospective10,11,13---15,17---21,24,35

esign.  The  overall  quality  of  the  included  studies  was
ssessed  with  the  CHEC  list  (Appendix  A).  None  of  the  stud-
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Table  1  Included  studies  comparing  costs  of  general  and  local  or  regional  anesthesia  regimen  for  different  outpatient  medical  procedures  in  an  outpatient  setting.

Authors  Year  Country  Study  design  Medical  procedure  Number  of
patients
evaluated

Mean  age
(years)

%  Male

Li  et  al.10 2020  USA  Retrospective,
observational

Anterior  shoulder
stabilization
surgery

7,103  NR  69.4

Bokshan et  al.11 2019  USA Retrospective
analysis

Anterior  Cruciate
Ligament
Reconstruction

14,713  <20  years:
30.4%

59.3

20−29  years:
27.6%
30−39  years:
19.1%
>40  years:
22.9%

Gebhardt
et al.[12]

2018  Germany  Prospective,  RCT  Knee  arthroscopy  50  48.5  64

Hamilton
et al.13

2018  Canada  Retrospective  cohort
study

Shoulder  surgery  1,623  50.5  66.7

Chandran
et al.14,a

2018  Australia  Retrospective,
observational

Injection
laryngoplasty

20  63.08  70

Camponovo
et al.15

2014  Switzerland  Retrospective,
observational

Knee  arthroscopy  56  50  55.3

Penketh
et al.16,b

2014  Canada  Prospective,c

comparative,
observational

Hysteroscopy  118d 56.7d ---

Sivalingam
et al.17

2013  USA  Retrospective,
observational

Ureteral  stent
placement  for
obstructing  stones

119  53.11  44.54

Ahonkallio
et al.18,e

2012  Finland  Retrospective,
observational

Endometrial
thermal  ablation
with  Novasure

36  NR  ---

Covarelli
et al.19,a

2012  Italy  Retrospective,
observational

Sentinel
lymphnodes  biopsy

153  50  52

Stoffels,
et al.20

2011  Germany  Retrospective,
observational

Sentinel
lymphnodes
excision

300  57.7  60.7

Mitchell
et al.21,a

2011  UK  Retrospective,
observational

Sacral  nerve
stimulation

111  56.68  3.33

Kushawaha
et al.22

2008  United  Kingdom  Prospective,  RCT  Open
hemorrhoidectomy

41  52.68  60.97

Mostafa et  al.23 2008  Egypt  Prospective,  Knee  arthroscopy  60  48.33  41.67
Double, blind,  RCT

Horn et  al.24,a 2007  USA  Retrospective,
observational

Upper  extremity
surgical
procedures

213  41.59  55.39
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Table  1  (Continued)

Authors  Year  Country  Study  design  Medical  procedure  Number  of
patients
evaluated

Mean  age
(years)

%  Male

Nishikawa
et  al.25

2007  Japan  Prospective,  Prostate  biopsy  80  72  ---

Double, blind,  RCT
Nordin

et al.26,a
2007  Sweden  Prospective,  multicenter  Inguinal  hernia

repair
616  56  98

RCT
Spanknebel

et al.27
2006  USA  Prospective,

observational
Thyroidectomy  1,194  49.57  41.09

Casati et  al.28 2004  Italy  Prospective,  Knee  arthroscopy  120  43.5  54.2
RCT

Forssblad
et al.29

2004  Sweden  Prospective,  Knee  arthroscopy  343  NR  NR

RCT
Casati et  al.30 2002  Italy  Prospective,  Knee  arthroscopy  40  48.5  60

RCT
Danelli et  al.31 2002  Italy  Prospective,  Hysteroscopic

ablation  of
endometrial
neoplasm

40  52.50  ---

RCT
Lennox et  al.32 2002  Canada  Prospective,  Gynecologycal

laparoscopy
20  34.5  ---

RCT
Chan et  al.33 2001  Canada  Prospective,

observational
Hand  surgery  126  39.67  62.7

Martikainen
et al.34

2001  Finland  Prospective,  Knee  arthroscopy  60  40.3  55

RCT
Chilvers et  al.35 2000  Canada  Retrospective,

comparative
Gynecologycal
laparoscopic
sterilisation

52  34.46  ---

Li et  al.36 2000  USA  Prospective,  Anorectal  surgery  93  41.33  72.04
RCT

Song et  al.37 2000  USA  Prospective, Unilateral  inguinal
herniorrhaphy

81  39  86.42
RCT

NR, not reported; RCT, randomized controlled trial.
a Day-case setting.
b Day-case setting in the operating room for general and local anesthesia, outpatient setting for local anesthesia.
c Cost analysis is retrospective.
d Refers only to group of patients underwent local anesthesia in outpatient setting.
e Day-case setting for general anesthesia and outpatient setting for paracervical block.
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Figure  1  PRISMA  flow  chart  of  the  r

es  satisfied  at  least  80%  of  the  CHEC  list  criteria,  and  11
tudies  met  less  than  50%  of  the  criteria.  Thus,  overall,  the
ethodological  quality  was  judged  to  be  moderate.

ost  analysis

he  main  findings  of  the  cost  analysis  are  summarized
n  Table  2.  The  average  total  cost  of  anesthesia  per
ase  encompassed  the  perioperative  costs  of  drugs,  staff
abor  and  resources  used,  except  four  studies  that  also
ncluded  the  cost  of  room  management.19,22 Readmissions
nd  complications  were  excluded  from  the  cost  calcu-
ation.  Ten  studies10,11,14,16---18,21,24,26,27 not  reporting  the
verage  total  costs  of  anesthesia  were  also  included,
s  they  compared  the  average  total  costs  of  the  entire
edical  procedure  on  the  basis  of  the  costs  of  the

nesthetic  regimen  used.  None  of  the  selected  studies
eported  data  on  cost-effectiveness  analysis.  Regardless  of
he  medical  procedure,  the  total  costs  were  significan-
ly  higher  for  general  anesthesia  than  local14,16,17,19---22,27
r  regional11,12,15,18,24,25,28,32---34,37 anesthetic  techniques  in
lmost  all  included  studies,  other  than  five  studies  that
eported  no  statistically  significant  difference  between  loco-
egional  and  general  anesthesia.13,23,30,31,35 Only  one  study

p
r
c
t

32
ved,  excluded  and  analyzed  studies.

eported  higher  costs  in  patients  who  received  the  loco-
egional  anesthesia.10 Furthermore,  three  studies  comparing
ll  three  types  of  anesthesia26,29,36 confirmed  the  low-
st  costs  for  medical  procedures  under  local  anesthesia
nd  similar  costs  between  general  and  spinal  or  epidu-
al  anesthesia,26,29 except  one  showing  higher  costs  under
eneral  anesthesia.36 Major  cost  savings  for  medical  pro-
edures  under  local  anesthesia  were  reported  for  ureteral
tent  placement  (74%),17 hysteroscopic  resection  (67%  if
erformed  in  the  office  and  50%  in  the  operating  room),16

nd  anorectal  surgery  under  local  anesthesia  with  sedation
52%)36;  this  last  study  also  included  a  group  undergo-
ng  anorectal  surgery  under  spinal  anesthesia,  for  which
ost  savings  of  only  18%  were  reported  with  respect  to
eneral  anesthesia.  Thus,  anorectal  surgery  under  local
nesthesia  was  associated  with  the  lowest  costs,  mainly
ue  to  the  ability  of  patients  to  bypass  phase  1  recov-
ry  units.36 Cost  savings  of  nearly  40%  were  reported
or  injection  laryngoplasty  under  local  anesthesia,14 knee
rthroscopy  under  spinal  anesthesia12,15 and  endometrial
hermal  ablation  under  paracervical  nerve  block18 com-

ared  to  general  anesthesia.  Significant  cost  savings  in
espect  to  general  anesthesia  were  also  reported  in  anterior
ruciate  ligament  reconstruction11 under  loco-regional  anes-
hesia  and  in  sentinel  lymphnodes  biopsy/excision  under
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Table  2  Main  findings  of  the  selected  studies  about  cost  analysis  and  secondary  outcomes.

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Li  et  al.10 NR  3,903  15,670  Loco-regional
anesthesia

NR  1,576  19,929  Average  total
costs  were
significantly
higher  in
patients
undergoing
regional
anesthesia.

Several  other
contributors  to
higher  costs  are
described.

Medical
procedure
costs

Bokshan
et al.11

NR  3,737  19,249  Loco-regional
anesthesia

NR  10,976  17,469  Average  total
costs  were
significantly
lower  in
patients
undergoing
regional
anesthesia.

General
anesthesia,
Hispanic
ethnicity,
Chronic  medical
condition,  male
gender,
operative  time
and  age  are
predictors  of
increased  costs.

Medical
procedure
costs

Gebhardt
et al.12

Sulfentanil
and  Propofol

25  71.92  SA  Chloroprocaine
1%

25  41.02  Anesthesia  costs
are  inferior  in
case  of  regional
anesthesia.

Spinal  had
faster  recovery
with  patients
reaching
discharge
earlier  (117  vs.
142  min)*.  Pain
occurred  earlier
in  the  general
anesthesia
group.  Patients
felt  significantly
more
uncomfortable
after  general
anesthesia.

Anesthesia
costs
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Table  2  (Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Hamilton
et  al.13

Volatile
anesthetics
or
intravenous
with  propofol

241  60  Interscalene
brachial
plexus  single
shot  block,
or  catheter

20---40  mL  of
0.5%
ropivacaine
with
1:400,000
epinephrine

1,382  82  No  statistically
significant
difference
between  groups.

Increased  risk  of
an  emergency
department  visit
within  30  days
for  patients  who
received  a
regional
anesthesia.

Costs
incurred
after  surgery

Chandran
et al.14,a

NR  6  2071  LA  NR  14  1251  Average  total
costs  of
injection
laryngoplasty
under  LA  are
significantly
lower  than
under  GA  with
cost  savings  of
40%.  Major
contributors  are
direct  and
indirect
operating
theater  costs.

Length  of  stay
(h):  8.8  GA  vs
6.4  LA*

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Camponovo
et  al.15

Intravenous
propofol  and
fentanyl

28  104  SA  Chloroprocaine
1%

28  63 SA  for  knee
arthroscopy  is
associated
with  cost
reductions  per
patient
compared
with  GA.  Cost
reductions  in
the  SA  group
are  due  to:
the  ability  to
systematically
bypass  the
PACU,  faster
discharge
time,  the
lower
incidence  of
pain  and
postoperative
nausea  and
vomiting.

Anesthesia  time:
64  vs.  62  min.

Anesthesia
supplies,
drugs,  staffDischarge  time:

326  (GA)  vs
203  min  (SA)*

Penketh
et  al.16

NR  NR  1,485  LA  in
operatory
room

NR  NR  LA  in
operatory
room:  716

Operative
hysteroscopic
resection
under  LA  is
less  expensive
than  under
GA,  especially
if  performed
in  the  office
compared  to
the  OR.
Reduced  staff
costs  are  the
primary
reason  for
saving.

NR Medical
procedure
costs

LA in  office  LA  in  office:
482
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Sivalingam
et  al.17

NR  73  30,060  LA  Lidocaine
1%b

46  7,770  Average  total
cost  is  nearly  4
times  greater
for  the  GA  group
compared  to  LA.
Ureteral  stent
placement  can
be  safely  and
effectively
performed
under  LA  in  the
office.

No  difference  in
complications
between  GA  and
LA.

Medical
procedure
costs

Ahonkallio
et al.18,c

NR  20  2,333  Peripheral
block

20  mL
ropivacaine
2 mg  mL−1,d

16  1,333  Endometrial
thermal  ablation
under  PB  is
cheaper  than  GA
and  results  in
significantly
reduced  health
service  costs.
The  difference
is  due  to  lower
costs  of  the
hospital  ward
and  anesthesia,
and  partly  to
overhead  costs.

NR  Medical
procedure
costs

Covarelli
et al.19,a

NR  41  373  LA  10−25  mL  1%
mepivacaine
and  0.5%  L-
bupicavaine
in  equal
parts

112  258  Average  total
costs  for  groin
and  axillary
sentinel  lymph
node  biopsy
under  GA  are
significantly
higher  than
those  under  LA.

No  differences
in  the  number  of
complications.

Operating
room  mana-
gement,
personnel,
drugs,
instruments
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Stoffels
et  al.20

NR  89  500  LA  450  mL
physiological
solution,
50  mL
Lidocain  1%,
0.5  mg
Epinephrin

211  47  The  costs  were
significantly  less
in a  procedures
room  performed
under  local
anesthesia
compared  to
general
anesthesia  in  an
operating  room.

No  differences
in  the  number
of  postoperative
complications
nor  in
oncological
outcomes.

Anesthesia
costs

Mitchell
et al.21,a

NR  64  1,244  LA  NR  47  1,026 Sacral  nerve
stimulation
under  LA  is
associated
with  reduced
costs
compared  to
GA.

LA  is  associated
with  shorter
hospital  staye

and  quicker
recovery.

Medical
procedure
costs

Similar  symptom
score  and
success  rate  for
both  anesthesia.

Kushwaha
et al.22

Propofol
1.5−2 mg  kg−1

and  fentanyl
10  �g  kg−1

with
sevofluranef

22  714  LA  20  mL  1%
lidocaine
with
1:10,000
epinephrine

19  503  Excluding  the
cost  of
post-operative
follow-up,  LA
was  1.5  times
cheaper  than
GA.  This
difference  is
due  to  the
saving  in  GA  and
recovery  room
costs.

LA  is  associated
with  similar
tolerance  and
clinical  outcome
compared  to
GA.

Suture
materials,
drugs,  day
surgery  bed,
staff  costs,
recovery
room,  post-
operative
medication.
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Mostafa
et  al.23

Intravenous
remifentanil
0.5  �g  kg−1 min−1

or  alfentanil
2 �g  kg−1 min−1

and  propofol
9  mg  kg−1

h−1

40  492  for
remifentanil

Sciatic-
femoral
nerve  block

25  mL
ropivacaine

20  393 Costs  of
disposals,
pre-operative
and  post-
operative
times  are
higher  for  the
sciatic-
femoral  block
group,
however
average  total
costs
(including  also
drugs)  are
insignificant
between  GA
and  sciatic-
femoral  nerve
block.

Length  of  stay
in  PACU:
28  min  for
remifentanil
GA  vs  25  min
for  alfentanil
GA  vs  28  for
sciatic-
femoral  nerve
block

Disposal,
drugs,  staff

541 for
alfentanil

Horn
et al.24,a

Propofol  with
sevoflurane
or
desflurane,
fentanyl  or
sufentanyl

121  4,780 Peripheral
nerve  block

Mepivacaine
1.5%  with
10%  sodium
bicarbonate

92  3,656  Perioperative
costs  in  the
peripheral  nerve
block  group  are
significantly
lower  than  in
the  GA  group.

PACU  time:
49  min  (GA)  vs
15  min  (PNB)*

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

The  use  of
peripheral  nerve
block  in  upper
extremity
surgery  is
feasible  and
associated  to
significant  cost
savings.

Postoperative
complications:
11.7%  (GA)  vs
3.3%  (PNB)*

Nishikawa
et  al.25

Intravenous
fentanyl
1  �g  kg−1 and
propofol
6  mg  kg−1 h−1

40  74  SA Lidocaine  1%
1 m  L

40  49 Average  total
costs  are
significantly
lower  in  the
SA group.
Costs  of
drugs  and
supplies  used
in  the
operatory
room  are
reduced  for
the  SA,
whereas  the
labor  costs
are  higher  in
both
operatory
room  and
recovery
unit.

Time  to
home-readiness:
30  min  (GA)  vs
38  min  (SA)*

Drugs,
equipment,
staff

No  pain  in  the
recovery  unit
for  75%  patients
in GA  vs  80%
patients  SA
groups.  *

SA  may  be  a
suitable
cost-effective
alternative  to
GA  for  elderly
ambulatory
prostate  biopsy.

No  adverse
events  at  home.
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(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis  (primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Nordin
et  al.26,a

NR  199  2,964  SA/epidural
anesthesia

SA/epidural
anesthesia:
NR

SA/epidural
anesthesia:
164/35  =  199

SA/epidural
anesthesia:
3,010

Average  total
costs  of  LA  are
significantly
lower  than  the
other  two
groups.
Intra-operative
(anesthetic
equipment,
duration  of
surgery  and
anesthesia)
and
post-operative
(time  in
recovery
room,
unplanned
overnight
admission)
costs  are
reduced  for  LA
compared  to
SA/epidural
anesthesia  and
GA.  No
difference
between
SA/epidural
anesthesia  and
GA.

NR Medical
procedure
costs

LA LA:  50:50
mixture  of  1%
mepivacaine
and  0.5%
bupicavaine

LA:  205  LA:  2,508

Spanknebel
et al.27

NR  85  3,153  LA  Lidocaine
and
bupicavaine

217  2,760  Average  total
costs  are
significantly
higher  for  GA  than
LA.  Extensive
procedures  and
increased
operating  room
times  impact
significantly  on
costs.

Thyroidectomy
under  LA  results
in  similar
outcome  and
morbidity  rate
to  GA  with
reduced  costs.

Medical
procedure
costs
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost
analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Casati
et  al.28

Intravenous
remifentanil
0.1−0.3  �g  kg−1 min−1

and  propofol
2−4  �g  mL−1

40  317  sciatic-
femoral
nerve  block
SA

sciatic-
femoral
nerve  block:
25  mL  2%
mepivacaine

sciatic-
femoral
nerve  block:
40

sciatic-
femoral
nerve  block:
220

The  use  of
sciatic-femoral
nerve  block
results  in  the
lowest  total
costs.  Costs  of
drugs  and
disposable
material
required  for
anesthesia  are
lower  in  the  SA
group  than  the
others.

Regional
anesthesia
techniques
reduce  the  rate
of admission  and
the  duration  of
stay  in  the  PACU
as  compared  with
GA.

Drugs,
devices,  staff

SA: 8  mg  0.5%
bupicavaine

SA:  40  SA:  308  The  time
readiness  for
home  discharge
are  shorter  in  the
GA  group  than
regional
anesthesia.

Forssblad
et al.29

Propofol  and
alfentanil

88  236  LA  LA:  30  mL
0.5%
prilocaine
with
4  �g  mL−1

adrenaline

LA:  181  LA:  76 The  knee
arthroscopy  in
LA is  associated
with  lower  cost
than  knee
arthroscopy  in
SA and  GA,
because  of  the
shorter  recovery
time  of  LA  that
reduces  the
need  for
recovery  beds
and
postoperative
care.

Recovery  time:
139.1  min  (GA)  vs
33.6  min  (LA)  vs
230.1  min  (SA).

Drugs,
devices,  staff
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

SA  SA:
60−90  mg  5%
lidocaine
with
5−10  mg
ephedrine

SA:  74  SA:  219  Time  in  hospital:
280.4  min  (GA)
vs  130.4  min
(LA)  vs
350.3  min  (SA)

Casati
et al.30

Intravenous
remifentanil
0.1−0.3  �g  kg−1 min−1

and  propofol
2−4  �g  mL−1

20  291 Sciatic-
femoral
nerve  block

25  mL  2%
mepivacaine

20  288 Average  total
costs  between  GA
group  and
sciatic-femoral
block  group  in
patients
undergoing  knee
arthroscopy  are
not  statistically
significant.  Costs
related  to  the
time  spent  in  the
PACU  are
statistically
significant  lower
for  the
sciatic-femoral
block  group  (USD
2.0)  compared
with  the  GA  group
(USD  55.7).

Time  in  the
hospital:
170  min  (GA)  vs
277  min
(Sciatic-femoral
block)*

Disposable
materials,
drugs,  staff

Length  of  stay  in
PACU:  23  min
(GA)  vs  5  min*
VAS  pain:  7  (GA)
vs  0*

Danelli
et  al.31

Intravenous
remifentanil
0.25  �g  kg−1 min−1

and  propofol
4  �g  mL−1

20  260  SA 10  mg  0.5%
bupivacaine

20  282 No
differences
in  average
total  costs
between  the
two  groups.

Hospital
discharge  time:
156  min  (GA)  vs
296  min  (SA)*

Disposable
materials,
drugs,  staff

331



V.
 G

raff,
 L.

 G
abutti,

 G
.

 Treglia
 et

 al.

(Continued)

General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Pain  control  is
similar.

Lennox
et al.32

Fentanyl
2  �g  kg−1 and
propofol
2  mg  kg−1,
65%  nitrous
oxide

10  127  SA 3  mL  10  mg
lidocaine  and
10  �g
sufentanil

10  94 Average  total
cost  of
anesthesia
and  recovery
is
significantly
less  for
patients  in
the  SA  group
than  the  GA
group.
Recovery
costs  are
similar,
whereas
mean  costs
of  anesthesia
is
significantly
less  in  the  SA
group.  Cost
savings  are
due  to  lower
cost  of
anesthetic
supplies,
sterilization,
drugs.

Anesthesia  time:
6.6  min  (GA)  vs
6.6  min  (SA)

Supplies,
drugs,  staff

PACU  time:
112  min  (GA)  vs
101  min  (SA)
Postoperative
pain:  50%  (GA)
vs  0%  (SA)*
Nausea/vomiting:
0%  (GA)  vs  30%
(SA)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Chan  et  al.33 Propofol,
fentanyl,
with
isoflurane
(up  to  1.5%),
60%  nitrous
oxide

39  718  Intravenous
regional
anesthesia

Intravenous
regional
anesthesia:
35−45  mL
0.5%
lidocaine

Intravenous
regional
anesthesia:
45

Intravenous
regional
anesthesia:
513

The  intra-
and  post-
operative
costs  are  the
least  in  the
intravenous
regional
anesthesia
group  than
GA  and
axillary
block,
reflecting
cost  savings
of  approxi-
mately  30%
in both
cases.
intravenous
regional
anesthesia  is
associated
with  short
induction
time,  lower
anesthetic
drug  and
equipment
costs  in  the
operatory
room,  and
with  less
demand  on
nursing  time
and  lower
drug  and
supply  costs
in the  PACU.

Total  hospital
stay  time:
240  min  (GA)  vs
180  min
(intravenous
regional
anesthesia)*  vs
244  min  (axillary
block)

Disposable
materials,
drugs,  staff

Axillary block Axillary
block:
40−50  mL  3%
chloropro-
caine  and  2%
or  1.5%
lidocaine
with
1:200,000
epinephrine

Axillary
block:  42

Axillary
block:  755

Anesthesia
time:  83  min
(GA)  vs  72  min
(intravenous
regional
anesthesia)*  vs
106  min  (axillary
block)
PACU  recovery
time:  70  min
(GA)  vs  45  min
(intravenous
regional
anesthesia)*  vs
63 min  (axillary
block)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Martikainen
et  al.34

Intravenous
propofol
2  mg  kg−1 and
alfentanil
1 mg  with
sevoflurane
(up  to  8%)

30  333  SA  3  mL  2%
lidocaine

30  293 Average  total
costs  are
significantly
reduced  for
SA.  However,
GA  is  more
cost-
effective
than  SA  in
ambulatory
knee  surgery,
if  a  short
recovery  unit
time  is
required.

Recovery  unit
time:  218  min
(GA)  vs  224  min
(SA)

Disposable
materials,
drugs,  staff

Time  to
home-readiness:
96.4  min  (GA)  vs
140.8  min  (SA)*
Post-operative
pain  low  (VAS  <  4
in 100%  patients
in SA  vs  in  86.7%
in  GA  groups).

Chilvers
et al.35

Propofol,
fentanyl  or
sufentanil,
and
mivacurium
or  succinyl-
choline,  with
isoflurane
nitrous  oxide

28  99  SA 2−2.5  mL  1%
lidocaine  and
10−25 �g
fentanyl

24  107 Average  total
costs  for
anesthesia
and  recovery
are  similar
between  the
two  groups.
Use  of  SA  in
alternative
to  GA  does
not  reduce
costs  or
improve
efficacy  of
anesthesia
and  recovery
for
outpatient
laparoscopy.

Anesthesia  time:
10  min  (GA)  vs
18  min  (SA)*

Disposable
materials,
drugs,  staff

PACU  recovery
time:  94  min
(GA)  vs  123  min
(SA)*
Time  to
discharge:
124  min  (GA)  vs
150  min  (SA)
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings
(secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Li  et  al.36 Intravenous
propofol
2.5  mg  kg−1,
fentanyl
1−2  �g  kg−1

with  0.5−2%
sevoflurane,
65% nitrous
oxide

31  289  SA SA:  30  mg
lidocaine  and
20  �g
fentanylg

SA:  31  SA:  208 Average  total
costs  are
significantly
decreased
for  LA  than
SA  and  GA
because  both
intraopera-
tive  and
recovery
costs  are  the
lowest.
Patients  in
the  LA  group
are  able  to
by-pass
phase  1
recovery  unit
requiring  less
nursing  labor
(thus  less
costs).  GA  is
associated  to
the  highest
costs.

Anesthesia  time:
40  min  (LA)  vs
72  min  (SA)*  vs
75  min  (GA)*

Drugs,
supplies,
staff

LA with
sedation

LA:  31  LA:  138  Phase  1  stay:  0
(LA)  vs  52  min
(SA)*  vs  44  min
(GA)*

LA:  topical
2%  lidocaine
gel  and
sedation-
analgesia
with  propofol
75  �g  kg−1 min−1

and
0.5  �g  kg−1

fentanyl.
15  mL  2%
lidocaine,
15  mL  0.5%
bupicavaine,
0.5%
epinephrine
(1:200,000)

Time  to
home-readiness:
76  min  (LA)  vs
193  min  (SA)*  vs
171  min  (GA)*

Hospital  stay:
116  min  (LA)  vs
266  min  (SA)*  vs
247  min  (GA)*
No  differences
in
post-operative
side  effects  or
unanticipated
hospitalizations.

Song et  al.37 Propofol
2.5  mg  kg−1 min−1

1%
sevoflurane,
65%  nitrous
oxide

28  369  SA  SA:
1.2−1.5  mL
0.75%
bupicavaine
and  25  �g
fentanyl

SA:  25  SA:  330  Average  total  costs
are  the  lowest  for
the  ilioinguinal-
hypogastric  nerve
block  group
(reduced  supplies
during  the
intraoperative
period,  reduced
labor  during
post-operative
period).  No
difference
between  GA  and
SA.

Anesthesia
time:  109  min
(ilioinguinal
block)  vs  119
(GA)  vs  116  (SA)

Drugs,  staff,
resources
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General  anesthesia  Local/Regional  anesthesia  Outcomes

Authors  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Type  Anesthetic  No.  of
patients

Average  total
costs  (USD)

Main  findings
about  cost  analysis
(primary
outcome))

Other  study
findings  (secondary
outcomes)

Resources
included  for
the
calculation
of  costs

Ilioinguinal-
hypogastric
nerve  block

Ilioinguinal-
hypogastric
nerve  block:
30  mL  of
0.25%
bupivacaine,
1%  lidocaine
and  propofol
25−150  �g  kg−1 min−1

Ilioinguinal-
hypogastric
nerve  block:
28

Ilioinguinal-
hypogastric
nerve  block:
288

Ilioinguinal-
hypogastric
nerve  block
is the  most
cost-
effective
techniques
for
outpatients
undergoing
unilateral
herniorrha-
phy  with
respect  to
recovery,
patient
comfort,  and
associated
incremental
costs.

Phase  1  PACU:
5 min  (ilioinguinal
block)  vs  40  (GA)*
vs  35  (SA)*
Phase  2  unit:
153  min
(ilioinguinal  block)
vs  168  (GA)  vs  276
(SA)*
Time  to
home-readiness:
133  min
(ilioinguinal  block)
vs  171  (GA)*  vs  280
(SA)*
Time  to  actual
discharge:  158  min
(ilioinguinal  block)
vs  208  (GA)*  vs  309
(SA)*
Maximum  pain  VAS:
15  (ilioinguinal
block)  vs  39  (GA)*
vs  (34)  SA*
Maximum  nausea
VAS:  1  (ilioinguinal
block)  vs  27  (GA)*
vs  4  (SA)*

NR, not reported; PACU, post-operative anesthesia care unit. Currency is expressed with United States dollars (USD). Type of anesthesia:  GA, general anesthesia; LA, local anesthesia;
SA, spinal anesthesia.

a Day-case setting.
b Four patients received also i.v. midazolam.
c Day-case setting (8 h) for general anesthesia and outpatient setting (4 h) for paracervical block.
d When necessary also Alfentanil 0.5 mg.
e Overnight stay for 38% of patients of the GA group due to adverse effects of the anesthesia.
f This group received also a perianal block as for the LA group.
g Patients received also 1−2 mg midazolam i.v. for sedation.
* Statistically significant.
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ocal  anesthesia.19,20 Reduced  staff  costs16,33,36 and  drugs  or
upplies,18,20,25,26,32,33,37 ability  to  bypass  the  postoperative
ACU  or  phase  1  recovery  unit,15,24,36 and  shorter  recovery
ime12,22,26,28,29,37 are  the  main  anesthetic  procedure  factors
ssociated  with  health  care  cost  reductions.

Among  studies  comparing  different  types  of  regional
nesthesia,  two  randomized  trials  found  spinal  anesthe-
ia  to  be  more  expensive  than  both  sciatic-femoral  nerve
locks  in  patients  undergoing  knee  arthroscopy,28 even
f  the  costs  of  drugs  and  disposables  were  lower,  and
lioinguinal-hypogastric  nerve  block  for  unilateral  inguinal
erniorrhaphy37 and  reduced  PACU  costs  were  the  primary
easons  for  this  difference  for  both  surgeries.  Chan  et  al.33

ound  that  intravenous  regional  anesthesia  decreased  costs
f  30%  compared  to  axillary  brachial  plexus  block  due  to
horter  induction  time  and  lower  drug  and  supply  require-
ents.  Two  studies  which  used  treatment  codes  for  patient

election  did  not  specify  the  type  of  peripheral  block
erformed.10,11

Contrasting  results  were  achieved  by  analyzing  the  costs
f  a  subgroup  of  studies  focusing  on  knee  arthroscopy,  which
as  investigated  in  6  randomized  clinical  trials12,23,28---30,34

nd  in  one  retrospective  observational  study.15 Cost  advan-
ages  were  demonstrated  for  regional  anesthesia12,15,28,34 in
alf  of  the  studies,  but  similar  costs  were  found  in  the  other
wo  trials.23,30 The  remaining  study29 confirmed  that  there
as  no  statistically  significant  difference  between  spinal  and
eneral  anesthesia  but  found  reduced  costs  only  for  knee
rthroscopy  under  local  anesthesia.  Reduced  drugs  and/or
isposable  materials  and  recovery  time  were  associated  with
ost  savings,  further  supporting  the  overall  results  of  this
ystematic  review.

econdary  outcomes

welve  trials12,14,15,21,28---31,33,35---37 reported  data  on  the  dura-
ion  of  hospital  stay;  all  studies  found  a  shorter  length  of  stay
or  local14,21,29,36 or  regional12,15,30,31,33,37 anesthesia,  except
ne  that  did  not  reveal  any  difference.35

Postanesthesia  recovery  time  was  investigated  in
2  studies.12,21,23,24,28---30,32---35,37 Local  or  regional  anes-
hesia  techniques  significantly  decreased  the  PACU
ime.12,21,24,28---30,33,35,37 In  particular,  Song  et  al.37 showed
hat  patients  undergoing  ilioinguinal-hypogastric  nerve
lock  spent  less  time  in  the  phase  1  PACU  (5  minutes)
ompared  to  patients  operated  on  under  general  anesthesia
40  minutes)  but  also  than  patients  undergoing  spinal
35  minutes)  anesthesia;  moreover,  these  latter  techniques
equired  more  time  to  recover  in  the  phase  2  unit  than  the
ther  two  techniques.  Thus,  ilioinguinal-hypogastric  nerve
lock  was  associated  with  lower  costs  than  the  spinal  tech-
ique  as  regional  anesthesia  for  unilateral  herniorrhaphy.
o  difference  in  the  duration  of  recovery  stay  was  found  in
hree  studies.23,32,34 Time  readiness  for  home  discharge  was
ignificantly  shorter  for  general  anesthesia  in  325,28,34 out  5
tudies  reporting  this  datum.25,28,34,36,37
Data  on  anesthesia  time  conflicted  with  three  studies
eporting  lower  times  for  local  and  regional  techniques33,35,36

nd  three15,32,37 finding  no  statistically  significant  differ-
nce.
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The  overall  rates  of  complications  or  side  effects
nd  clinical  outcomes  were  similar12,13,17,19---22,25,36 or  more
avorable15,24,30,32,37 for  medical  procedures  under  local  or
egional  anesthesia.

iscussion

he  vast  majority  of  the  studies  included  in  this  systematic
eview  were  concordant  in  showing  an  association  between
ocal  or  regional  anesthesia  and  lower  perioperative  costs,
egardless  of  the  surgical  procedure.11,12,14---30,32---34,36,37 This
s  consistent  with  data  identifying  in  the  operating  room
ime  the  major  fixed  cost  incurred  during  the  perioperative
rocess.2 The  anesthesia-controlled  operating  room  time
as  defined  as  the  portion  of  this  time  required  by  the  anes-

hesiologist  to  perform  the  anesthesia  technique  of  choice.
hen  this  time  is  reduced,  overall  hospital  costs  decrease.
e  know  that  regional  anesthesia  is  associated  with  a  reduc-

ion  in  anesthesia-controlled  operating  room  time,  fastening
oth  the  induction  and  postoperative  phases.5 Our  main
nding  is  that  local  anesthesia  is  associated  with  a  greater
eduction  in  total  costs  further  confirms  the  hypothesis  of

 reduction  in  anesthesia-controlled  operating  room  time
s  the  main  factor  affecting  the  overall  total  cost  reduc-
ion  observed,  as  local  infiltrative  anesthesia  requires,  on
verage,  less  time  to  be  performed.

Only  two  studies23,30 found  the  cost  profile  of  periph-
ral  nerve  block-based  anesthesia  to  be  similar  to  that  of
eneral  anesthesia  regarding  sciatic  nerve  block.  A  possible
xplanation  can  be  that  sciatic  nerve  block  is  a  so-called
‘deep  block’’,  i.e.,  an  advanced  block,  requiring  more  skills
nd  possibly  more  time  to  be  performed  than  other  periph-
ral  nerve  blocks  usually  applied  in  the  outpatient  setting.
arhofer  et  al.38 describes  well  the  relative  difficulty  in  the

ocalization  of  the  nerve  and  the  surrounding  anatomical
tructures  due  to  their  depth.  However,  Ehlers  et  al.39 and
arhofer40 have  also  shown  that  this  block  may  be  associated
ith  a  faster  onset  and  higher  efficacy  when  ultrasound-
uided  compared  to  nerve  stimulation  guidance.  It  remains
o  be  demonstrated  that  these  advantages  actually  translate
nto  increased  cost-effectiveness  when  compared  to  general
nesthesia  or  other  techniques  in  the  ambulatory  setting.

The  second  factor  with  a  known  impact  on  the  peri-
perative  process  total  costs  is  the  PACU  bypass  rate  or
he  recovery  time  when  the  patient  requires  postoperative
upervision.  The  PACU  is  a  highly  work-intensive  environ-
ent  whose  fixed  cost  is  relevant.2 Total  cost  reduction  may
e  achieved  in  case  of  a  consistently  high  PACU  bypass  rate
y  a  reduction  in  nurses  equivalent  staff  required.23,30 Our
esults  confirm  regional  and  local  anesthesia  techniques  to
e  associated  with  a  higher  PACU  bypass  rate  and  a  lower
ecovery  time  in  comparison  to  general  anesthesia.

The  third  factor  that  affects  average  total  costs  is  the
ime  to  readiness  for  discharge,  directly  affecting  the  day-
ospital  length  of  stay.  As  discussed  above,  the  overall
ay-hospital  length  of  stay  represents  a  significant  fixed
ost  in  the  ambulatory  perioperative  process.4 Regional

nesthesia  has  been  associated  with  a  lower  incidence
f  postoperative  anesthesia-related  complications  and  side
ffects,  translating  into  a  quicker  functional  recovery  and  a
ower  time  to  discharge.3
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In  general,  we  can  conclude  that  local  and  regional  anes-
hesia  is  associated  with  lower  total  hospital  costs  when
erformed  in  the  ambulatory  setting.  It  is  likely  due  to  three
actors:  a  reduction  in  total  anesthesia-controlled  operat-
ng  room  time,  a  reduction  in  postanesthesia  recovery  time
nd  an  overall  shorter  length  of  stay.  These  results  apply  to
ontexts  where  regional  anesthesia  can  be  performed  regu-
arly  and  systematically  and  where  dedicated  pathways  are
n  place  to  enhance  patient  turnover  in  the  outpatient  set-
ing,  which  is  often  the  case  in  ambulatory  surgical  centers.
ndeed,  as  stated  by  Philip  and  colleagues,  a  higher  PACU
ypass  rate  will  only  generate  cost  savings  if  utilization  actu-
lly  increases  or  staffing  actually  decreases.23,30 Moreover,
he  reduction  in  anesthesia-controlled  operating  room  time
er  procedure  is  a  few  minutes  and  thus  becomes  signifi-
ant  only  if  many  ambulatory  procedures  are  performed  in

 given  program  and  if  an  induction  room  allows  for  per-
orming  the  following  block  while  the  previous  patient  is
till  undergoing  surgery.5 Cost-effectiveness  comparisons  of
ifferent  anesthesia  techniques  are  dependent  on  the  sur-
ical  duration  of  the  case.41,42 Schuster  et  al.,41 in  2005,
erforming  a  regression  function,  demonstrated  that  the
dvantage  of  spinal  anesthesia  over  general  anesthesia  in
erms  of  operating  room  total  fix  costs  reduction  can  be  esti-
ated  to  be  13%  for  a  50  minutes  case,  9%  for  a  100  minutes

ase,  and  5%  for  a  200  minutes  case.23,30 These  data  highlight
he  fact  that  regional  anesthesia  cost-effectiveness  depends
n  patient  turnover  and  is  higher  in  contexts  characterized
y  high  turnover  and  high  case  load  per  operating  room,  such
s  ambulatory  surgery.

Our  systematic  review  has  some  limitations.  Hetero-
eneity  among  studies  may  represent  a  potential  source  of
ias  in  a  systematic  review.  This  heterogeneity  is  likely  to
rise  through  baseline  differences  among  the  patients  in
he  included  studies,  diversity  in  methodological  aspects
etween  different  studies,  and  different  study  quality.
e  detected  significant  heterogeneity  and  poor  quality  of
esign  among  several  studies  in  our  systematic  review.  How-
ver,  we  used  the  CHEC  list  to  assess  the  methodological
obustness  of  the  studies,  and  some  of  the  criteria  were  not
roperly  applicable  to  all  studies  since  most  of  them  were
ost-minimization  analyses.  The  meta-analysis  was  substan-
ially  hampered  by  the  presence  of  this  heterogeneity,  which
ould  make  it  challenging  to  compare  the  studies.  Hetero-
eneity  was  also  present  in  estimates  of  savings,  which  vary
idely  and  may  be  explained  by  several  reasons,  such  as

mplementation  differences,  hospital  setting,  and  patient
ix.  These  analyses  are  often  not  comparable  among  pub-

ished  studies  due  to  variations  in  the  type  of  cost  data
nd  accounting  practices  used.  Such  limitations  preclude  the
ossibility  to  estimate  an  effect  size.

Our  literature  search  was  carried  out  on  four  major
edical  databases  that  should  provide  robust  and  reliable

earch  results.  The  inclusion  of  other  sources  might  refine
ur  search  strategy,  specifically  the  inclusion  of  specialized
atabases  (i.e.,  NHS  Economic  Evaluation  Database).  More-
ver,  we  selected  studies  published  since  2000  to  be  sure  to
nclude  only  the  most  recent  and  updated  data  about  costs.

owever,  problems  with  the  breadth  of  costs  and  outcomes
onsidered  exist  in  all  the  studies.  Last,  none  of  the  included
tudies  was  a  cost-effectiveness  analysis;  thus,  comparing
he  relative  costs  and  outcomes  of  the  two  different  anes-
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hesia  regimens  and  estimating  the  possible  healthcare  gains
ere  not  feasible.  This  means  that  the  robustness  of  the

esults  and  conclusions  about  the  impact  of  the  anesthesia
egimen  on  the  average  total  costs  is  uncertain.  Hence,  a
ost-effective  analysis  is  necessary  to  undertake  an  assess-
ent  of  both  costs  and  effectiveness  and  to  determine  which

nesthesia  regimen  is  the  most  cost-effective  procedure  for
nsuring  that  resources  are  being  used  wisely.

onclusions

espite  the  limitations  of  this  systematic  review,  mainly
he  heterogeneity  of  the  studies  and  the  lack  of  cost-
ffectiveness  analysis,  the  economic  impact  of  the
nesthesia  regimes  on  healthcare  costs  appears  to  be  rel-
vant  and  should  be  further  evaluated.
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