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Summary  The  massive  inflow  

hospitals in  France  and  impacts
and non-urgent  surgeries  has  bec
care system.  It  is  obviously  not  si
of care  or  leading  to  a  loss  of  

situation  and  the  prevalence  of
the context  of  the  COVID-19  cr
uncomplicated  acute  appendici
medical management  by  antibio
studies in  the  literature.  Insofa
uncomplicated  acute  appendicit
represents an  alternative  of  choi
crisis. The  aim  of  this  work  is  t
guide based  on  a  review  of  the
appendicitis  in  adults,  to  offer  t
conditions,  especially  when  acce
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of  patients  with  COVID-19  requiring  urgent  care  has  overloaded
 the  management  of  other  patients.  Deferring  hospitalization
ome  a  priority  for  surgeons  today  in  order  to  relieve  the  health
mple  to  reduce  emergency  surgery  without  altering  the  quality
chance  for  the  patient.  Acute  appendicitis  is  a  very  specific

 this  disease  leads  us  to  reconsider  this  particular  disease  in
isis.  Indeed,  while  the  currently  recommended  treatment  for
tis  is  surgical  appendectomy,  the  non-surgical  alternative  of
tic  therapy  alone  has  been  widely  evaluated  by  high-quality
r  as  the  main  limitation  of  exclusively  medical  treatment  of
is  is  the  risk  of  recurrent  appendicitis,  this  treatment  option

ce  to  reduce  the  intra-hospital  overload  in  this  context  of  health
herefore  to  provide  physicians  and  surgeons  with  a  practical

 literature  on  the  medical  treatment  of  uncomplicated  acute
his  alternative  treatment  to  the  right  patients  and  under  good
ss  to  the  operating  room  is  limited  or  impossible.
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he  new  coronavirus  disease  (COVID-19)  was  declared  a
andemic  by  the  World  Health  Organization  on  March  11,
020  [1]  and  has  put  health  care  systems  under  new  and
rave  challenges  that  include  major  decisions  to  take  in  the
anagement  of  surgical  emergencies.  The  massive  influx  of
atients  requiring  in-hospital  management,  some  requiring
ntensive  care  with  respiratory  assistance,  has  congested  the
orking  load  while  threatening  the  safety  of  health  care

or  patients  without  COVID-19.  Consequently,  the  goal  of
anagement  of  these  patients  is  double:
delay  the  management  of  patients  who  are  not  absolute
emergencies,  in  order  to  free-up  bed  space  in  the  hospi-
tals  as  well  as  the  health  care  personnel  needed  to  care
for  these  patients  and;
avoid  the  loss  of  chance  for  these  patients  in  this  setting.

Attesting  to  this  conundrum  are  the  combined  stud-
es  of  the  gastro-intestinal  surgical  community,  who  have
laborated  recommendations  for  the  management  of  gastro-
ntestinal  cancer  during  this  troubled  period  [2].  While
fforts  to  defer  elective  surgery  seem  feasible,  the  problem
s  much  more  difficult  for  surgical  emergencies.

Non-complicated  acute  appendicitis  involves  approxi-
ately  40,000  patients/year  in  France  [3]  and  constitutes

 specific  setting  where  a  non-surgical  alternative  can  be
nvisioned.  In  a  report  presented  at  the  French  Society
or  Gastro-Intestinal  Surgery  (Société  française  de  chirurgie
igestive  (SFCD))  meeting  in  November  2019  (not  yet
ublished),  surgical  appendectomy  was  recommended  in
reference  to  medical  treatment  by  antibiotics  alone  for
he  management  of  non-complicated  acute  appendicitis,
ainly  because  the  risk  of  recurrent  appendicitis  was  found

o  range  from  16%  to  40%  at  one  year  after  initial  treat-
ent  [4—11].  However,  the  exceptional  situation  related  to
OVID-19  has  led  us  to  reconsider  medical  treatment  alone
or  this  particularly  prevalent  disease.  However,  this  ther-
peutic  option  requires  recognition  of  a  certain  number  of
otions  in  order  to  avoid  compromising  patient  safety.  Of
ote,  in  the  current  state  of  our  knowledge,  there  are  no

rguments  indicating  that  patients  with  COVID-19  respond
ifferently  to  antibiotic  therapy  and  therefore,  medical
reatment  of  non-complicated  acute  appendicitis  could  be
n  option  in  patients  with  or  suspected  to  have  the  disease.

The  goal  of  this  article  is  to  provide  medical  and  surgi-
al  physicians  with  a  practical  guide  based  on  an  analysis  of
he  literature  on  the  medical  treatment  of  non-complicated
cute  appendicitis  in  the  adult  in  order  to  propose  this  ther-
peutic  alternative  to  the  right  patients  and  under  good
onditions.

uestion 1: To which patients can
on-surgical treatment of acute
ppendicitis be proposed?

his  therapeutic  option  was  studied  prospectively  in  the
dult  by  several  teams  and  the  results  were  reported  in  six
andomized  clinical  trials  [4—8,10]  and  two  non-randomized
rospective  studies  [9,11].  Inclusion  criteria  were  very  sim-
lar  between  the  different  studies,  i.e.,  adult  patients  who
ad  a  confirmed  diagnosis  of  non-complicated  acute  appen-
icitis.

With  respect  to  patient  status,  only  two  studies  had  a
aximum  age  limit  [5,10].  In  the  study  by  Vons  et  al.  [8], old
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ge  was  not  a  risk  factor  of  failure.  Therefore,  advanced  age
n  non-complicated  appendicitis  is  not  an  argument  against
edical  treatment  alone  because  of  the  risk  of  appendic-

lar  neoplasm.  Data  concerning  co-morbidities  is  limited
ecause  the  majority  of  patients  with  non-complicated
cute  appendicitis  were  young  and  did  not  have  asso-
iated  severe  disease,  but  common  sense  must  prevail
efore  proposing  non-surgical  treatment  to  patients  with  at-
isk  antecedent  history  (immunosuppression,  patients  with
echanical  heart  valves. .  .).
Obviously,  the  efficacy  of  non-surgical  treatment  in

atients  with  suspected  or  confirmed  COVID-19  has  never
een  assessed.  However,  initial  results  of  antibiotic  ther-
py  for  other  indications  in  this  subset  of  patients  has  not
hown  any  decrease  in  antibiotic  efficacy  related  to  the  viral
isease.  Avoidance  of  surgery  in  these  patients  is  impor-
ant  because  it  reduces  the  risk  of  exposing  the  operating
oom  staff,  particularly  in  case  of  inadvertent  release  of
neumoperitoneum  during  laparoscopy  [2].  Moreover,  post-
perative  mortality  in  COVID-19  positive  patients  seems  to
e  higher  than  expected,  even  for  elective  surgery  where
orbidity  is  usually  low  [12]. This  is  another  reason  why

 non-surgical  alternative  is  so  important  in  patients  with
onfirmed  or  suspected  COVID-19  infection.

Several  case  series  have  described  successful  non-
perative  treatment  in  the  pregnant  woman  [13,14],
owever,  in  one  study  on  400  pregnant  women  treated  med-
cally  for  non-complicated  appendicitis,  the  risk  of  severe
epsis,  septic  shock  and  thromboembolic  disease  was  higher
ompared  to  pregnant  women  who  had  undergone  appen-
ectomy  [15].  Thus,  medical  management  of  appendicitis  in
regnant  women  carries  a  higher  risk  compared  to  surgery
nd  should  be  avoided  whenever  possible.

In  general,  when  antibiotic  treatment  is  prescribed,
etween  10  and  15%  of  patients  discontinue  their  treatment
rematurely,  as  soon  as  their  symptoms  improve;  this  obvi-
usly  decreases  the  efficacy  and  safety  of  this  therapeutic
ption  [16,17].  Therefore,  expectations  of  patient  compli-
nce  and  social  environment  factors  should  be  taken  into
ccount  and  weighed  against  the  possible  consequences  of
ppendectomy  for  the  patient  and  the  health  care  providers

n  the  specific  context  of  the  pandemic.

The  only  criteria  on  imaging  studies  that  was  statistically
ignificantly  associated  with  failure  of  medical  treatment
nd  progression  to  a  more  complicated  form  of  appendici-
is  in  the  French  study  was  the  presence  of  appendicular
ecalith  [8];  this  result  underscores  the  importance  of  avoid-
ng  medical  treatment  alone  when  a  fecalith  is  found.

ynthesis

he  selection  of  patients  eligible  for  medical  treatment  for
on-complicated  acute  appendicitis  relies  on:
the  certainty  of  the  diagnosis  of  non-complicated  acute
appendicitis;
patient  characteristics  that  are  compatible  with  this
choice,  in  particular,  absence  of  major  co-morbidities
creating  a  risk  for  the  patient  (immunosuppression,
mechanical  heart  valve  .  .  .). Age  in  itself  is  not  an  exclu-
sion  factor;
to the  best  of  our  current  knowledge,  suspected  or
confirmed  COVID-19  positivity  does  not  constitute  a
contra-indication  to  antibiotic  therapy  alone  for  non-
complicated  acute  appendicitis.  To  the  contrary,  this
non-surgical  option  could  avoid  increased  post-operative
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mortality  as  well  as  exposure  of  the  health  care  personnel
in  the  operating  room  in  this  subgroup  of  patients;

• non-operative  treatment  should  be  avoided  in  the  preg-
nant  woman;

• the expected  degree  of  patient  compliance  and  the  social
environment  once  the  patient  is  at  home  should  be  con-
sidered  in  the  decision;

• the  presence  of  endo-appendicular  fecalith  is  a  risk  factor
for  failure  and  should,  whenever  possible,  lead  to  prefer
surgery  in  this  context.

Question 2: Can one omit imaging in a
patient with typical clinical and biological
signs?

In  the  setting  of  non-surgical  treatment,  it  is  essential  to  be
certain  of  the  diagnosis  and  that  appendicitis  is  not  compli-
cated.  Effectively,  the  absence  of  surgical  exploration  does
not  allow  to  correct  the  diagnosis  in  case  of  error,  and  the
risk  would  then  be  to  fail  to  recognize  and  thereby  delay
treatment  of  appendicular  peritonitis,  for  example.

Neither  the  analysis  of  clinical  signs  [18]  nor  laboratory
signs,  such  as  hyperleukocytosis  [19]  or  increased  CRP  [20]
are  sufficient  for  diagnostic  certainty.  Combination  of  these
data  in  composite  scores  can  increase  the  overall  perfor-
mance,  but  none  of  the  current  scores  perform  well  enough
to  assure  a  positive  or  negative  diagnosis.  The  most  well
known  score  is  that  of  Alvarado  [21];  the  sensitivity  and
specificity  of  this  score  were  69%  and  77%,  respectively,  in
a  recent  meta-analysis  [22].  Several  other  scores  have  been
designed,  among  which  one  can  cite  the  RIPASA  score  [23]
with  a  sensitivity  and  specificity  of  97%  and  55%,  respec-
tively  [22]  or,  the  Andersson  score  that  has  been  reported  to
correctly  class  73%  of  patients  without  appendicitis  but  only
37%  of  patients  with  appendicitis  [24].

Even  though  COVID-19  infection  is  not  one  of  the  differ-
ential  diagnoses  with  non-complicated  acute  appendicitis,  it
is  interesting  to  note  that  fever  and  gastro-intestinal  signs
such  as  abdominal  pain,  diarrhea,  nausea  and  vomiting  as

well  as  elevated  CRP  are  among  the  clinical  and  laboratory
signs  of  COVID-19  infection  [25].  In  the  context  of  a pan-
demic,  these  data  might  skew  the  analysis  of  these  clinical
and  laboratory  signs  as  well  as  the  scores  predictive  of  acute
appendicitis.

Therefore,  for  the  reasons  mentioned  above,  imag-
ing  is  indispensable  to  confirm  the  diagnosis  when  acute
appendicitis  is  suspected.  Of  eight  prospective  studies
that  assessed  antibiotic  therapy  alone  for  non-complicated
appendicitis,  only  two  [5,11]  did  not  rely  on  imaging  for  diag-
nostic  confirmation.  Imaging  can  rely  on  sonography  alone
[4],  CT  scanner  alone  [8,10],  or,  one  or  the  other  [6,7,9].
The  initial  rate  of  failure  of  medical  treatment  alone  var-
ied  little,  suggesting  that  the  diagnostic  efficacy  of  CT  and
sonography  are  similar  when  the  type  of  investigation  is  well
adapted  to  the  patient  (Table  1).  Sonography  (US)  avoids
radiation  exposure,  is  less  expensive  than  CT,  and  avoids
tying  up  the  CT  scanner,  which  is  needed  to  manage  other
COVID  patients.  Conversely,  The  limitations  of  US  include
unreliable  visualization  of  the  appendix  in  35—53%  of  cases
[26],  reduced  performance  in  women  or  obese  patients  [27]
and,  high  operator-dependency  [26].  When  US  is  performed
under  good  conditions  and  the  appendix  is  correctly  iden-
tified,  performance  [28]  approaches  that  of  standard  or
low-dose  CT  scan  [29].  In  conclusion,  US  represents  an  option
andemia  S35

to  relieve  restricted  availability  of  the  CT  scanner  in  the
radiology  department  when  appendicitis  is  suspected,  and
the  result,  while  not  equivocal,  could  be  sufficient  to  decide
whether  the  patient  can  be  treated  with  antibiotics  or  not.
However,  although  US  frees  some  space  in  the  CT  depart-
ment,  it  still  requires  a  trained  radiologist  and  eventually,  if
the  information  provided  is  not  sufficient,  a  CT  scan  will  still
be  needed.  In  one  meta-analysis  on  2665  patients,  the  sen-
sitivity  and  specificity  of  abdominal  MRI  for  the  diagnosis  of
acute  appendicitis  was  both  96%  [30].  This  imaging  modality
is  therefore  another  possible  choice,  but  from  the  manage-
ment  strategy  viewpoint  in  the  midst  of  the  COVID  crisis,
MRI  takes  time,  is  expensive  and  availability  is  limited,  and
therefore  is  not  a  logistical  solution.

Synthesis

The  data  provided  by  clinical  examination  and  laboratory
tests  are  insufficient  to  propose  non-surgical  treatment  in
a  patient  suspected  of  non-complicated  acute  appendicitis
because  of  the  high  risk  of  diagnostic  error.  In  the  absence
of  surgical  exploration,  the  consequences  of  diagnostic  error
can  be  of  serious  concern.

When  non-surgical  treatment  is  envisioned,  it  is  abso-
lutely  necessary  to  confirm  the  diagnosis  by  imaging  and
ensure  that  the  appendicitis  is  uncomplicated.  US,  abdom-
inal  CT  scan  or  MRI  are  all  acceptable  alternatives.  In  the
current  health  crisis,  availability  of  the  various  imaging
modalities  as  well  as  radiologists  are  important  elements
to  take  into  account  in  the  choice  of  which  investigation  to
use.

Question 3: Antibiotic therapy: which
administration route, type and duration?

All  the  prospective  studies  [4—7,9—11],  except  that  of
Vons  et  al.  [8], required  that  patients  receive  nothing  per
mouth  and  proposed  initial  intra-venous  (IV)  administration
of  antibiotics,  followed  by  oral  administration  after  dis-
charge.  In  the  Vons  et  al.  study,  initial  treatment  was  oral

without  fasting  if  the  patient  was  not  nauseated.  As  the  out-
comes  reported  by  Vons  et  al.  appear  no  worse  than  that  of
the  other  studies  (Table  1),  oral  administration  of  antibiotics
seems  reasonable  and  acceptable  as  long  as  the  patient  is
not  nauseated  and  does  not  vomit.  A  noninferiority  random-
ized  trial  (APAC  II)  is  currently  underway  to  compare  the
efficacy  of  IV  followed  by  oral  administration  vs  initial  oral
administration  [31].

With  regard  to  the  type  of  antibiotic  therapy,  each  study
proposed  an  empirical  protocol  based  on  probabilistic  rea-
soning;  none  of  the  protocols  were  compared  between
themselves.  Table  2  details  the  different  types  of  antibiotic
regimens  proposed  in  each  study.  In  spite  of  the  differ-
ences  in  protocols,  the  reported  efficacy  in  each  study
was  similar,  in  particular  with  regard  to  the  initial  fail-
ure  rate  (Table  1).  Of  note,  no  one  study  has  compared
the  efficacy  of  the  various  antibiotic  therapy  regimens.
The  choice  of  the  best  antibiotic  therapy  is  difficult.  It
seems  pertinent  to  target  the  bacteria  that  are  present
in  the  appendicular  lumen,  essentially  Escherichia  coli,
and  Bacteroïdes  or  Streptococcus  strains  [32].  In  reality,
the  modifications  of  the  appendicular  microbiota  are  much
more  complex  and  are  not  limited  to  a  small  list  of  a
few  bacteria.  One  study  dedicated  to  appendicular  micro-
biota  highlighted  complex  modifications  in  bacterial  phyla
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With  regard  to  the  choice  and  duration  of  antibiotic
Table  1  Initial  and  late  failures  of  medical  treatment  of  

Study  Initial  failure
rate

Failure  at  one
year  after  initi
success

Eriksson,  1995  [4]  5%  37%  

Styrud,  2006  [5]  12%  14%  

Hansson,  2009  [6]  9%  12%  

Turhan,  2009  [7]  18%  10%  

Vons,  2011  [8]  12%  29%  

Park,  2014  [9]  8%  13%  

Salminen,  2015  [10]  6%  23%  

Allievi,  2017  [11]  20%  21%  

hat  prevail  during  appendicitis  with  notably  a  high  individ-
al  variability  [33].  Moreover,  the  resistance  to  antibiotic
herapy  differs  somewhat  between  non-complicated  and
omplicated  appendicitis  [34].  Parallelly,  modifications  of
he  submucosal  bacterial  infiltration  have  been  reported
uring  appendicitis.  Fusobacterium  nucleatum  appears  to
e  the  main  bacteria  found  in  the  submucosa  of  patients
ith  acute  appendicitis  and  bacterial  infiltration  increases
ith  the  severity  of  appendicitis  [35].

In  the  end,  it  is  difficult  to  know  which  bacteria  to  tar-
et  with  probabilistic  antibiotic  therapy.  The  only  way  to
esolve  the  problem  would  be  to  compare  the  efficacy  of
rotocols  that  have  already  been  assessed  (Table  2).  Among
he  different  protocols,  Salminen  et  al.  [10]  and  Allievi  et  al.
11]  proposed  initiating  therapy  with  ertapenem.  This  choice
s  based  on  the  emergence  of  enterobacteria  that  produce
ide-spectrum  beta-lactamases  resistant  to  amoxicillin  and

hird  generation  cephalosporins  [36]. The  reported  efficacy

f  this  type  of  antibiotic  therapy  is  not  superior  to  that  of
ther  antibiotic  therapy  protocols  (Table  1),  but  exposes
he  patient  to  a  selection  of  bacteria  that  are  resistant  to
rtapenem  [37].  Likewise,  one  study  found  that  the  rate  of
arly  failure  in  patients  treated  by  Piperacillin  +  Tazobactam
11]  was  not  reduced,  while,  similar  to  ertapenem,  this
ntibiotic  therapy  exposes  the  patient  to  an  important  risk
f  selection  of  resistant  bacteria.

Neither  the  choice  of  antibiotic  therapy  nor  its  duration
ave  been  compared  in  the  same  protocol,  and  there-
ore  the  ideal  antibiotic,  its  duration  and  the  balance
etween  efficacy  and  emergence  of  resistance  or  the  risk
f  complications  such  as  Clostridium  difficile  colitis  is  not
nown.  Table  2  shows  the  duration  of  treatment  that  was
rovided  empirically  in  each  of  the  trials.  The  differences
bserved  were  not  enormous,  ranging  from  8  to  12  days,  the
nly  exception  being  the  study  of  Park  et  al.  [9]  where  the
uration  was  4  days.

Symptomatic  treatment  alone,  without  antibiotic  ther-
py  or  surgery  for  non-complicated  acute  appendicitis  was
ssessed  in  one  non-inferiority  randomized  trial  [38].  The
nclusion  criteria  were  strict,  and,  of  note,  the  maximal
ppendicular  diameter  was  supposed  to  be  between  6  mm
nd  11  mm.  The  initial  failure  rate  was  nearly  the  same
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complicated  acute  appendicitis  in  prospective  studies.

Treatment  modality  in  case
of  suspected  recurrence

Overall  recurrence-free
success  rate  at  one
year

Appendectomy:  100%
Antibiotic  therapy:  0%

60%

Appendectomy:  100%
Antibiotic  therapy:  0%

76%

Appendectomy:  80%
Antibiotic  therapy:  20%

78%

Appendectomy:  89%
Antibiotic  therapy:  11%

75%

Appendectomy:  100%
Antibiotic  therapy:  0%

63%

Appendectomy:  98%
Antibiotic  therapy:  2%

84%

Appendectomy:  100%
Antibiotic  therapy:  0%

73%

Appendectomy:  100%
Antibiotic  therapy:  0%

63%

7.2%  in  the  group  without  antibiotic  therapy  versus  7.4%
n  the  group  with  antibiotic  therapy)  (P  =  0.957)).  Similarly,
he  difference  in  failure  rates  at  one  year  was  not  statis-
ically  significant  (20.7%  vs.  23.4%  for  those  treated  or  not
ith  antibiotic  therapy,  respectively;  P  =  0.609).  In  spite  of

he  encouraging  results  of  this  trial,  such  a  revolution  in  the
reatment  of  non-complicated  acute  appendicitis  warrants
onfirmation  by  further  studies  before  any  authoritative  rec-
mmendation  can  be  made.  This  is  the  goal  of  the  APPAC  III
rial,  currently  underway  [39].

ynthesis

ntibiotic  therapy  can  be  started  directly,  administered
rally  if  the  patient  does  not  have  nausea  or  vomiting.  No
tudy  has  yet  compared  the  different  antibiotic  therapy  pro-
ocols  to  determine  which  is  best.
herapy,  several  protocols  have  been  evaluated.  Amoxi-
illin  +  clavulanic  acid  1  g  TID  for  8  days  has  the  advantage  of
eing  simple,  inexpensive,  can  be  administered  either  IV  or
y  mouth,  and  does  not  require  any  modification  during  the
dministration  period.  In  case  of  penicillin  allergy,  combined
ntibiotic  therapy  with  a  fluoroquinolone  and  an  imidazole
ciprofloxacin  500  mg  BID  and  metronidazole  500  mg  TID  for

 days)  can  be  proposed.  The  efficacy  of  initial  antibiotic
herapy  by  ertapenem  or  tazocillin  has  not  been  shown  to
e  superior  and  are  not  recommended  because  of  the  risk
f  resistance.

Symptomatic  treatment  without  any  antibiotic  therapy
as  not  yet  been  sufficiently  evaluated  to  be  proposed  with
ptimal  safety.

uestion 4: Can complete ambulatory
edical treatment be proposed?

one  of  the  eight  prospective  trials  proposed  an  exclusive
edical  treatment  for  appendicitis  [4—11].  Table  2  lists  the
inimal  durations  of  hospital  stay  in  each  study  before  the
atient  was  allowed  to  leave  the  hospital,  the  time  period
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Table  2  Antibiotic  therapy  regimens  for  medical  treatment  alone  in  non-complicated  acute  appendicitis.

Study  Antibiotic  therapy  regimens  Duration  of  antibiotic
therapy

Expected  duration  of
hospital  stay

Eriksson,  1995  [4]  IV:  Cefotaxime  2  g*BID  and
Tinidazole  800  mg*QD  for  two
days  then  Oral:  Ofloxacin
200  mg*BID  and  Tinidazole
500  mg*BID  for  eight  days

10 days  2  days

Styrud,  2006  [5]  IV:  Cefotaxime  2  g*BID  and
Tinidazole  800  mg*QD  for  two
days  then  Oral:  Ofloxacin
200  mg*BID  and  Tinidazole
500  mg*BID  for  ten  days

12  days  2  days

Hansson,  2009  [6]  IV:  Cefotaxime  1  g*BID  and
Metronidazole  1.5  g*QD  for
one  day
then
Oral:  Ciprofloxacine
500  mg*BID  and
Metronidazole  400  mg*TID  for
nine  days

10 days  1  day

Turhan,  2009  [7]  IV:  Ampicillin  1  g*QID  and
Gentamycin  160  mg*QD  and
Metronidazole  500mg*TID  for
two  days  then  Oral:

10 days  2  days

l

le

r

)

(Ampicillin  +  metronidazole)
for  eight  days

Vons,  2011  [8]  Amoxicillin  +  clavulanic  acid
1  g  TID  if  weight  <  90  kg  and
1  g  QID  if  weight  ≥  90  kg,  ora
(or  IV  if  nausea)

Park,  2014  [9]  IV:  2nd  generation
cephalosporin  +  Metronidazo

Salminen,  2015  [10] IV:  Ertapenem  1  g  QD  for
three  days  then  Oral:
Levofloxacin  500  mg  QD  and
Metronidazole  500  mg  TID  fo
seven  days

Allievi,  2017  [11]  IV:  Piperacillin  +  Tazobactam
4.5  g*  QID  (variable  duration

or  IV:  Ertapenem  1  g  QD  for
three  days  or  IV:  Ceftriaxone
1  g  QD  +  Metronidazole
500  mg*  TID  (variable
duration)  then  oral:
Amoxicillin  +  clavulanic
acid/1  g*  TID  for  five  days

ranging  between  1  to  3  days.  The  goal  of  short  hospital  stay
was  to  be  able  to  detect  early  failure  of  antibiotic  therapy,
most  often  related  to  unrecognized  complicated  appendici-
tis,  and  to  avoid  surgical  delay.  Except  in  the  circumstances
of  the  current  pandemic  health  crisis,  it  does  not  seem
reasonable  to  propose  ambulatory  treatment  without  intra-
hospital  surveillance  because  the  safety  of  this  option  has
never  been  evaluated.

During  the  COVID-19  pandemic,  the  choice  of  antibiotic
therapy  alone  as  an  alternative  to  surgical  treatment  allows
to  avoid  mobilization  of  operating  rooms  and  teams,  post-
surgery  care  and  frees  up  medical  personnel  for  other  duties,
starting  with  both  physicians  and  nurses  working  in  intensive
care  and  anesthesiology.  Moreover,  this  avoids  any  contact
between  the  patient  and  other  potentially  contaminated
8  days  Return  to  home  as  soon
as  possible  starting  day
1

4 days  2  days

10  days  3  days

8 days  3  days
patients  in  the  recovery  room.  Conversely,  this  strategy  does
not  reduce  the  number  of  beds  if  medical  management  is
started  in  hospital.  In  the  study  by  Vons  et  al.  [8]  that
allowed  patient  discharge  much  earlier  than  the  other  tri-
als,  the  duration  of  hospital  stay  in  the  group  undergoing
medical  treatment  alone  was  not  statistically  significan-
tly  shorter  than  that  of  patients  undergoing  appendectomy
(3.96  days  vs.  3.04  days,  respectively,  P  =  0.08),  although  it
did  show  that  tendency.  As  ambulatory  appendectomy  has
been  shown  to  be  feasible  and  safe  in  selected  patients
[40—42],  it  might  be  possible  to  reduce  the  duration  of  bed
occupancy  by  proposing  ambulatory  appendectomy  rather
than  management  by  antibiotic  therapy  alone.

However,  the  relevant  question  is  to  know  whether
ambulatory  antibiotic  therapy  alone  in  patients  diagnosed
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Table  3  Saint-Antoine  scale  [40].

Item  Points

BMI  (body  mass  index)  <  28  kg/m2 1  point
Leucocyte  count  <  15,000/�L  1  point
CRP  <  3  mg/dL  1  point
No  radiological  signs  of  perforation  1  point
Diameter  of  appendix  ≤  10  mm  1  point

ith  non-complicated  acute  appendicitis  in  the  emergency
epartment  is  an  option  to  consider  if  complete  saturation
f  beds  for  patients  with  severe  forms  of  COVID-19  makes
t  impossible  to  hospitalize  appendicitis  patients.  Although
his  option  has  never  been  evaluated  directly,  the  current
mergency  situation  highlights  the  need  to  assess  the  data
n  the  literature  on  this  topic.  In  the  study  by  Lefrançois
t  al.  [40],  depending  on  the  timing  of  diagnosis,  patients
elected  for  ambulatory  appendectomy  were  allowed  to
eturn  home  with  antibiotic  therapy  (amoxicillin  and  clavu-
anic  acid)  and  return  the  next  day  for  operation.  No  serious
ncident  was  reported  in  connection  with  the  delay  before
urgery.  A  strict  selection  of  these  patients  according  to  a
aint-Antoine  score  ≥  4  (Table  3),  based  on  the  probability
f  successful  ambulatory  surgery,  allows  selection  of  those
atients  with  low  risk  for  complicated  appendicitis  [40]. The
core  was  validated  in  a  study  from  another  center  in  2019
43].  For  these  reasons,  under  the  current  circumstances,
ertain  patients,  selected  according  to  the  Saint-Antoine
core,  could  be  treated  in  a  completely  ambulatory  set-
ing  as  long  as  they  were  clearly  informed.  As  well,  these
atients  should  have  the  possibility  of  contacting  the  surgi-
al  unit  without  going  through  the  emergency  department  if
he  course  of  events  at  home  becomes  unfavorable.  It  seems
referable  that  this  decision  be  made  by  the  same  surgeon
ho  interrogated  and  examined  the  patient  to  begin  with,

o  that  he/she  assumes  the  consequences  of  this  decision,
s  responsible  for  the  information  given  to  the  patient  and
he  management  in  case  of  any  unfavorable  event  occurring
t  home.
ynthesis

atients  with  an  uneventful  course  can  be  discharged  from
ospital  after  24  h  of  hospitalization  for  non-complicated
cute  appendicitis  treated  by  antibiotic  therapy  alone.  The
afety  of  this  management  policy  has  been  assessed  in  the
iterature.

Exclusive  ambulatory  management  has  not  yet  been  eval-
ated  in  the  literature.  However,  in  the  current  health  crisis,
his  option  can  be  entertained  in  selected  patients,  for  ins-
ance  with  the  help  of  the  Saint-Antoine  score  (≥  4).

The  decision  to  manage  non-complicated  acute  appen-
icitis  by  antibiotic  therapy  alone  should  be  taken  by  a
astrointestinal  surgeon  to  guarantee  the  safety  of  this  as-
et  unvalidated  option.

uestion 5: What is the risk of initial
ailure?

nitial  failure  can  be  defined  as  failure  of  initial  antibiotic
herapy  leading  to  either  change  of  antibiotics,  interven-
ional  radiological  drainage  or  surgery.  The  risk  of  initial
ailure  of  antibiotic  therapy  alone  to  treat  non-complicated
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cute  appendicitis  is  relatively  low  since  it  ranged  from  5
o  20%  in  the  eight  prospective  studies  on  the  topic  [4—11]
Table  1).  The  meta-analysis  by  Findlay  et  al.  [44]  found  a
rimary  failure  rate  of  10.2%  when  evaluating  the  six  ran-
omized  studies.

Patients  should  be  given  this  information  when  this  thera-
eutic  option  is  chosen.  This  is  all  the  more  important  when
trict  ambulatory  treatment  is  decided  because,  a  priori,

 patient  out  of  10  will  require  early  change  in  manage-
ent  for  failure  of  this  therapeutic  strategy.  Moreover,  it  is

mportant  to  set  up  follow-up  for  these  patients  whether  by
elephone  or  by  teleconsultation,  to  ensure  that  the  initial
reatment  was  effective.  Likewise,  the  management  of  early
ailure  should  be  anticipated,  and  the  patient  should  be
nformed  as  to  what  should  do  in  this  situation  and  in  partic-
lar  whether  he/she  should  go  the  emergency  department
r,  ideally,  contact  his/her  surgeon  directly.

ynthesis

he  risk  of  primary  failure  of  non-surgical  management  of
on-complicated  acute  appendicitis  varies  between  5  and
0%.  The  patient  should  be  informed  of  this.  Moreover,
dequate  follow-up  is  necessary  to  integrate  this  low  but
ot  negligible  risk  into  the  overall  therapeutic  management
lan.

uestion 6: What is the risk of recurrence
fter  initial successful medical treatment?

he  one-year  success  rate  is  defined  as  recovery  without
omplications  related  to  recurrent  appendicitis  or  to  initial
ntibiotic  therapy  at  one  year.  In  the  eight  prospective  trials,
his  rate  ranged  from  60%  to  84%  [4—11]  (Table  1).  There-
fter,  the  risk  of  recurrence  beyond  one  year  after  initial
reatment  is  far  from  negligible.  Salminen  et  al.  reported
hat  the  cumulative  risk  of  recurrence  requiring  appendec-

omy  was  27.3%  at  one  year,  35.2%  at  three  years  and  39.1%
t  five  years  after  initial  antibiotic  therapy  alone  [45]  con-
rming  that  the  risk  of  recurrence  persists  at  least  five  years
fter  initial  antibiotic  therapy.

This  result  is  the  principal  limitation  of  non-surgical
reatment  of  non-complicated  acute  appendicitis  and
xplains  the  SFCD  recommendations  that  call  for  initial  sur-
ical  treatment.  The  COVID-19  crisis  in  our  hospitals,  which
as  necessitated  freeing  the  operating  rooms,  beds  and
ealth  care  personnel  in  order  to  care  for  patients  with  life-
hreatening  short-term  prognosis,  justifies  taking  the  risk  of
ate  recurrence  by  treating  acute  appendicitis  with  antibi-
tic  therapy  alone.  The  clinician  who  chooses  this  alterative
herapeutic  should  be  fully  aware  of  the  risk  of  recurrence
t  distance.

ynthesis

he  initial  success  rate  ranges  from  60%  to  84%  des  patients.
he  risk  of  late  recurrence  persists  well  beyond  one  year
ince  the  failure  rate  was  35.2%  at  3  years  and  39.1%  at  5
ears  in  the  one  study  that  reported  outcomes  beyond  one
ear.
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Figure 1. Algorithm for non-surgical management of non-complicated
the questions 1 to 8 treated in the manuscript.

Question 7: Should routine interval
appendectomy be performed?

There  are  two  reasons  to  raise  the  question  of  interval
appendectomy  after  medical  treatment  alone:  on  one  side,
 acute appendicitis in case of hospital saturation. Q1 to Q8 refer to

the  risk  of  recurrence  of  acute  appendicitis,  on  the  other,
the  risk  of  appendicular  neoplasm  in  the  differential  diag-
nosis  or  as  the  initial  cause  of  appendicitis.

With  regard  to  the  risk  of  late  recurrence  of  appen-
dicitis,  none  of  the  eight  prospective  studies  proposed
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outine  interval  appendectomy  after  initial  conservative
anagement.  The  goal  of  these  studies  was  to  evaluate

he  definitive  success  of  non-surgical  management  of  non-
omplicated  acute  appendicitis  in  the  adult.  The  risk  of  late
ecurrence  was  far  from  negligible  several  years  after  initial
reatment;  nonetheless  more  than  half  of  the  patients  in  the
rial  reported  by  Salminen  et  al.  did  not  have  a  recurrence
fter  five  year  follow-up  [45].

In  parallel  to  the  risk  of  recurrence  of  acute  appendici-
is  is  that  of  appendicular  neoplasm;  the  older  the  patient,
he  greater  this  risk  [46].  However,  the  overall  risk  of
ppendicular  tumor  is  low,  around  1%  [47].  Moreover,  the
isk  is  higher  in  complicated  forms  of  appendicitis,  and  in
articular,  appendicular  abscess,  than  in  non-complicated
ppendicitis  [48].  Reassuringly,  no  tumor  was  found  in  the
ve-year  follow-up  in  the  Salminen  trial,  and  in  particular

n  the  group  of  patients  initially  allocated  to  medical  treat-
ent  who  eventually  underwent  appendectomy  [45]. In  the

 initial  appendectomy» group  of  this  randomized  trial,  four
atients  had  neoplasms  in  the  operative  specimen  (1  polyp
nd  3  neuroendocrine  tumors).  It  is  difficult  to  determine
hether  the  difference  between  the  two  groups  « Antibi-
tic  therapy  » and  « Appendectomy  » was  due  simply  to
hance  or  resulted  from  low  aggressivity  of  the  completely
symptomatic  neuroendocrine  tumors  in  the  « Antibiotic
herapy  » group.  Notwithstanding,  there  is  currently  no
rgument  strong  enough  to  recommend  routine  interval
ppendectomy  in  order  to  detect  any  tumoral  lesion  that
ad  escaped  detection  on  imaging.  As  well,  routine  follow-
p  colonoscopy  has  not  been  evaluated  and  therefore,  until
roven  otherwise,  this  strategy  cannot  be  proposed.

ynthesis

n  the  absence  of  signs  of  clinical  recurrence  of  appendicitis
nd  if  imaging  raises  no  question  of  the  existence  of  appen-
icular  neoplasm,  there  is  no  reason  to  propose  routine
nterval  appendectomy  after  non-complicated  acute  appen-
icitis  in  the  adult  following  successful  medical  treatment.
uestion 8: If appendectomy is
onsidered, what adaptations should be
roposed in the context of the COVID-19
andemic?

anagement  of  non-complicated  acute  appendicitis  in
he  adult  should  be  adapted  to  each  health  care  struc-
ure  according  to  local  capacities.  Medical  treatment,  as
escribed  above  in  questions  1  to  7,  represents  an  extreme
ption  in  case  of  non-accessibility  to  the  operating  room,
on-availability  of  the  necessary  OR  staff  or  the  fact  that
ll  the  post-interventional  beds  are  occupied  by  COVID-19
ositive  patients  creating  an  increased  risk  of  contamina-
ion  of  the  patient  who  must  undergo  surgery.  However,
efore  proposing  antibiotic  therapy  alone,  it  is  important
o  evaluate  the  capacity  for  surgery  in  this  setting.

Of  note,  the  optimal  surgical  treatment  plan,  in  par-
icular  by  strictly  ambulatory  management,  could  lead  to
ubstantial  savings  in  resources.  The  safety  of  ambula-
ory  laparoscopic  appendectomy  has  been  shown  [40,43].  A
aint-Antoine  score  ≥  4  should  guarantee  an  adequate  selec-
ion  of  patients  eligible  for  ambulatory  appendectomy  [40].
uration  of  hospital  stay  can  be  less  than  24  h  or  even  12  h
nd  the  occupation  time  of  the  operating  room  is  short.
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his  surgical  option  should  be  carefully  considered  before
oncluding  in  favor  of  antibiotic  therapy  alone.

Once  surgery  is  considered,  it  is  important  to  think  about
he  surgical  approach.  While  laparoscopy  is  generally  pre-
erred  under  normal  circumstances  [49],  the  Mac  Burney
ncision  should  be  reconsidered  in  this  exceptional  time.
ffectively,  the  potential  of  aerosol-borne  viruses  released
y  laparoscopy  in  a  COVID-19  positive  patient  exposes  the
R  personnel  to  the  risk  of  contamination  [2],  although
here  are  no  specific  data  on  this  topic  in  the  literature
t  the  present  time.  This  leads  us  to  propose  either  antibi-
tic  therapy  alone  or  open  appendectomy  via  laparotomy
or  patients  who  are  COVID-19  positive.  It  is  difficult  to
onclude  on  the  best  approach  for  patients  who  do  not
resent  any  signs  of  COVID-19  infection,  i.e.,  asymptomatic
arriers  or  those  in  the  incubation  phase.  A  precautionary
rinciple  would  be  to  routinely  proscribe  laparoscopy  during
he  pandemic.  Routine  pre-operative  testing  for  viral  infec-
ion  before  appendectomy  does  not  seem  to  be  practical  at
resent  because  of  limited  access  to  the  tests,  the  delay
efore  obtaining  results  which  is  not  instantaneous,  and  the
on-negligible  risk  of  false  negatives  [50].  Chest  CT  scan
an  be  helpful  in  the  diagnosis  of  coronavirus  infection,  but
gain,  its  performance  is  not  optimal  [50]  and  probably  not
ery  good  in  asymptomatic  carriers.

While  imaging  (US,  CT,  MRI)  to  confirm  the  diagnosis
f  non-complicated  acute  appendicitis  was  recommended
efore  antibiotic  therapy,  it  is  likewise  recommended  before
urgical  treatment  via  laparotomy.  Imaging  by  CT  scan  or
RI  is  preferable  because  it  allows  the  surgeon  to  best
hoose  the  incision  in  case  of  atypical  localization  of  the
ppendix.  The  goal  is  to  perform  as  short  an  incision  as  pos-
ible  (ideally  <  3  cm)  to  increase  the  success  of  ambulatory
anagement  of  McBurney  appendectomy.
Based  on  the  available  data  we  propose  the  algorithm  in

ig.  1  for  the  non-surgical  management  of  patients  with  non-
omplicated  acute  appendicitis  during  this  particular  period
f  hospital  saturation  caused  by  the  COVID-19  pandemic.
edical  treatment  is  therefore  a  possible  alternative  that  is

mmediately  applicable  to  care  for  the  multitude  of  patients
ith  the  diagnosis  of  non-complicated  acute  appendicitis

hen  access  to  the  operating  room  is  impossible.  Thanks

o  this  study,  we  hope  that  this  therapeutic  alternative  can
e  proposed  with  safety  and  in  full  knowledge  of  the  facts
y  the  surgical  community,  geared  to  the  necessities  of  each
ealth  care  facility  involved.  Any  effort  to  reduce  the  afflux
f  patients,  even  if  small,  should  not  be  under-estimated
ecause  the  stakes  for  patients  requiring  in-hospital  care
or  a  severe  form  of  COVID-19  infection  are  vital.
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Aygün E. Comparison of operative and non operative mana-
gement of acute appendicitis. Ulus Travma Acil Cerrahi Derg
2009;15:459—62.

[8] Vons C, Barry C, Maitre S, et al. Amoxicillin plus clavu-
lanic acid versus appendicectomy for treatment of acute
uncomplicated appendicitis: an open-label, non-inferiority,
randomised controlled trial. Lancet 2011;377:1573—9,
http://dx.doi.org/10.1016/S0140-6736(11)60410-8.

[9] Park H-C, Kim MJ, Lee BH. The outcome of antibi-
otic therapy for uncomplicated appendicitis with
diameters ≤ 10 mm. Int J Surg 2014;12:897—900,
http://dx.doi.org/10.1016/j.ijsu.2014.07.011.

10] Salminen P, Paajanen H, Rautio T, et al. Antibi-
otic Therapy vs. Appendectomy for Treatment of
Uncomplicated Acute Appendicitis: The APPAC Ran-
domized Clinical Trial. JAMA 2015;313:2340—8,
http://dx.doi.org/10.1001/jama.2015.6154.

11] Allievi N, Harbi A, Ceresoli M, et al. Acute Appendicitis: Still a
Surgical Disease? Results from a Propensity Score-Based Out-
come Analysis of Conservative Versus Surgical Management
from a Prospective Database. World J Surg 2017;41:2697—705,
http://dx.doi.org/10.1007/s00268-017-4094-4.

12] Aminian A, Safari S, Razeghian-Jahromi A, Ghorbani M,
Delaney CP. COVID-19 Outbreak and Surgical Practice: Unex-
pected Fatality in Peri-operative Period. Ann Surg 2020,
http://dx.doi.org/10.1097/SLA.0000000000003925 [Online
ahead of print].
13] Yefet E, Romano S, Chazan B, Nachum Z. Success-
ful treatment of acute uncomplicated appendicitis in
pregnancy with intravenous antibiotics. Eur J Obstet
Gynecol Reprod Biol 2013;169:121—2, http://dx.doi.org/10.
1016/j.ejogrb.2013.03.015.

14] Joo JI, Park H-C, Kim MJ, Lee BH. Outcomes of Antibi-
otic Therapy for Uncomplicated Appendicitis in Preg-
nancy. Am J Med 2017;130:1467—9, http://dx.doi.org/10.
1016/j.amjmed.2017.04.046.

15] Abbasi N, Patenaude V, Abenhaim HA. Management and
outcomes of acute appendicitis in pregnancy-population-
based study of over 7000 cases. BJOG 2014;121:1509—14,
http://dx.doi.org/10.1111/1471-0528.12736.

16] Raupach-Rosin H, Rübsamen N, Schütte G, Raschpichler G,
Chaw PS, Mikolajczyk R. Knowledge on Antibiotic Use, Self-
Reported Adherence to Antibiotic Intake, and Knowledge on
Multi-Drug Resistant Pathogens—Results of a Population-Based
Survey in Lower Saxony, Germany. Front Microbiol 2019;10,
http://dx.doi.org/10.3389/fmicb.2019.00776.

17] Grosso G, Marventano S, Ferranti R, Mistretta A. Pattern of
antibiotic use in the community: non-adherence and self-
prescription rates in an Italian urban population. Mol Med Rep
2012;5:1305—10, http://dx.doi.org/10.3892/mmr.2012.818.

18] Wagner JM, McKinney WP, Carpenter JL. Does this patient have
appendicitis? JAMA 1996;276:1589—94.

[

[

[

[

[

[

andemia  S41

19] Andersson REB. Meta-analysis of the clinical and labora-
tory diagnosis of appendicitis. Br J Surg 2004;91:28—37,
http://dx.doi.org/10.1002/bjs.4464.

20] Shogilev DJ, Duus N, Odom SR, Shapiro NI. Diagnos-
ing appendicitis: evidence-based review of the diagnostic
approach in 2014. West J Emerg Med 2014;15:859—71,
http://dx.doi.org/10.5811/westjem.2014.9.21568.

21] Alvarado A. A practical score for the early diagnosis
of acute appendicitis. Ann Emerg Med 1986;15:557—64,
http://dx.doi.org/10.1016/s0196-0644(86)80993-3.

22] Frountzas M, Stergios K, Kopsini D, Schizas D, Kont-
zoglou K, Toutouzas K. Alvarado or RIPASA score
for diagnosis of acute appendicitis? A meta-analysis
of randomized trials. Int J Surg 2018;56:307—14,
http://dx.doi.org/10.1016/j.ijsu.2018.07.003.

23] Chong CF, Adi MIW, Thien A, et al. Development of the RIPASA
score: a new appendicitis scoring system for the diagnosis of
acute appendicitis. Singapore Med J 2010;51:220—5.

24] Andersson M, Andersson RE. The appendicitis
inflammatory response score: a tool for the diag-
nosis of acute appendicitis that outperforms the
Alvarado score. World J Surg 2008;32:1843—9,
http://dx.doi.org/10.1007/s00268-008-9649-y.

25] Li L-Q, Huang T, Wang Y-Q, et al. 2019 novel coro-
navirus patients’ clinical characteristics, discharge rate
and fatality rate of meta-analysis. J Med Virol 2020,
http://dx.doi.org/10.1002/jmv.25757.

26] Stewart JK, Olcott EW, Jeffrey RB. Sonography for appen-
dicitis: nonvisualization of the appendix is an indication for
active clinical observation rather than direct referral for
computed tomography. J Clin Ultrasound 2012;40:455—61,
http://dx.doi.org/10.1002/jcu.21928.

27] Lourenco P, Brown J, Leipsic J, Hague C. The
current utility of ultrasound in the diagnosis of
acute appendicitis. Clin Imaging 2016;40:944—8,
http://dx.doi.org/10.1016/j.clinimag.2016.03.012.

28] Carroll PJ, Gibson D, El-Faedy O, et al. Surgeon-
performed ultrasound at the bedside for the detection
of appendicitis and gallstones: systematic review
and meta-analysis. Am J Surg 2013;205:102—8,
http://dx.doi.org/10.1016/j.amjsurg.2012.02.017.

29] Yun SJ, Ryu C-W, Choi NY, Kim HC, Oh JY, Yang
DM. Comparison of Low- and Standard-Dose CT
http://dx.doi.org/10.2214/AJR.16.17274.
30] Duke E, Kalb B, Arif-Tiwari H, et al. A Systematic Review and

Meta-Analysis of Diagnostic Performance of MRI for Evaluation
of Acute Appendicitis. AJR Am J Roentgenol 2016;206:508—17,
http://dx.doi.org/10.2214/AJR.15.14544.

31] Haijanen J, Sippola S, Grönroos J, et al. Optimis-
ing the antibiotic treatment of uncomplicated acute
appendicitis: a protocol for a multicentre randomised
clinical trial (APPAC II trial). BMC Surg 2018;18:117,
http://dx.doi.org/10.1186/s12893-018-0451-y.

32] Roberts JP. Quantitative bacterial flora of acute
appendicitis. Arch Dis Child 1988;63:536—40,
http://dx.doi.org/10.1136/adc.63.5.536.

33] Guinane CM, Tadrous A, Fouhy F, et al. Microbial Composition
of Human Appendices from Patients following Appendectomy.
MBio 2013;4, http://dx.doi.org/10.1128/mBio.00366-12.

34] García-Marín A, Pérez-López M, Martínez-Guerrero
E, Rodríguez-Cazalla L, Compañ-Rosique A. Microbi-
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