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Abstract

with appendicolith (OR, 432, p=0.04).

Appendicolith

Background: Appendectomy is increasingly performed as a ‘short stay’ or ‘ambulatory’ procedure, yet there is no
consensus for selection of patients with acute appendicitis for ambulatory surgery (AS). We aimed to compare
characteristics and outcomes of complicated and uncomplicated appendectomies performed in ambulatory vs.
conventional settings, and to determine factors associated with unexpected re-consultations and re-hospitalizations.

Methods: The authors reviewed a consecutive series of 185 laparoscopic appendectomies. Whenever possible,
patients were offered AS, defined as ‘discharge on the same working day." Multivariable regressions were performed
to determine associations of unexpected re-consultations and re-hospitalizations with surgery type (@mbulatory or
conventional) and patient characteristics (age, gender, obesity, symptoms, appendicolith, perforations, appendix
diameter, serologic results, American Society of Anesthesiologists score, and Saint-Antoine score).

Results: From the initial cohort, 117 patients (63.2%) were eligible for AS, of which 8 had peri- or post-operative
contraindications. Therefore, 109 patients (58.9%) were operated by AS, with median length of stay 85 h (range, 3.3—
20.5). Ambulatory cases had a lower incidence of complications (11.9%) than conventional cases (25.0%) (p = 0.029).
Uni- and multi-variable regressions revealed that unexpected re-consultations were not significantly associated with
any of the pre- or peri-operative variables but that unexpected re-hospitalizations were 4 times more likely for patients

Conclusions: Ambulatory surgery could be considered as a standard procedure for both complicated and
uncomplicated acute appendicitis. Appendicolith was found to be an independent risk factor for unexpected re-
hospitalization and should therefore trigger closer monitoring.

Keywords: Laparascopic appendectomy, Complicated appendicitis, Ambulatory surgery, Conventional hospitalization,

Background

Acute appendicitis is the most common indication for
emergency surgery worldwide, with a lifetime risk of
8.6% for men and 6.7% for women [1, 2]. Despite the
promotion of antibiotic therapy as a non-invasive alter-
native, laparoscopic appendectomy remains the standard
treatment for acute appendicitis [3-5]. It is a common
surgery, performed mostly in young healthy patients,
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with standardized management, operating time under
1 h, low morbidity, and low average length of hospital
stay, all of which render it safe to perform in ambulatory
settings [6]. Over the past decades, appendectomy has
been increasingly performed as ‘short stay’ (<24 h hos-
pital stay) [7—10] or ‘ambulatory’ (no overnight hospital
stay) [6, 11, 12] procedures, with satisfactory outcomes
and low complication rates [13-16]. Yet, conventional
hospitalization (with overnight stay) remains the routine
procedure for acute appendicitis [6, 16].

There is no present consensus on the selection of pa-
tients with acute appendicitis for ambulatory surgery
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(AS). Recently, Lefrancois et al. [6] proposed a new
score, which classifies patients into 6 risk levels, to select
patients for ambulatory appendectomy without com-
promising outcomes. In their series, only 20% were dis-
charged on the same day of surgery. The percentage of
appendectomy procedures performed in ambulatory
settings reported in the literature varies greatly (20—
88%) [6, 8, 11-13, 15-18], likely due to inconsistent
definitions of AS and to different criteria for enrollment
of ambulatory patients.

For over 5 years, the authors have been performing
ambulatory surgery for increasingly complex procedures,
including colectomy [19], and have implemented a stan-
dardized care protocol for appendectomy following the
guidelines of AS for common elective procedures [20].
The primary goal of the present study was to evaluate a
consecutive series of appendectomies, complicated and
uncomplicated, performed at our center and compare
characteristics and outcomes of patients operated in
ambulatory vs. conventional settings. The secondary goal
was to investigate factors associated with unexpected
re-consultations and re-hospitalizations, and thereby im-
prove patient selection for ambulatory appendectomy.

Methods

The authors retrospectively reviewed a consecutive series
of 185 patients who underwent emergency laparoscopic
appendectomy for acute appendicitis by 5 surgeons, be-
tween January 2015 and June 2016. The series comprised
104 men and 81 women aged 34.1+18.2 (median, 28;
range 8-87) at the index operation. Acute appendicitis
was suspected on the basis of clinical signs (pain, abdom-
inal tenderness, and muscle guarding in the right lower
quadrant), laboratory test results (abnormal white blood
cell (WBC) count and serum C-reactive protein (CRP)
level), and systematically confirmed by ultrasound (53%)
and/or Computed Tomography (CT) (47%).

Following the definition of the International Associ-
ation for Ambulatory Surgery (IAAS), we defined true
AS as ‘a procedure where the patient is discharged on
the same working day, that is, a procedure with no over-
night stay. Ambulatory appendectomy was offered to all
patients diagnosed with uncomplicated or complicated
acute appendicitis, who presented none of the following
pre-operative contraindications: (i) cases that could not
be operated before 5 pm and could not be postponed to
the next day (ii) home-hospital journey over 1 h, (iii)
patient living alone, and (iv) severe comorbidities which
required monitoring. Furthermore, based on the experi-
ence of the emergency team, surgeons reverted to con-
ventional appendectomy in the event of one or more of
the following peri- and post-operative contraindications:
(v) generalized peritonitis or abscess requiring adminis-
tration of intravenous antibiotics (vi) anaphylaxis, (vii)
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enduring pain that could not be treated by oral anal-
gesic, (viii) fever, or (ix) vomiting.

Surgical technique

A standard laparoscopic technique was used for all pa-
tients. A 10-mm optic trocar was first introduced at the
umbilicus and used for a 12-mmHg pneumoperitoneum
inflation followed by the introduction of two 5-mm
suprapubic and left iliac fossa ports. After a thorough
exploration of the abdominal cavity, the appendix was
excised and extracted in a bag through the optic tract.
Abdominal drainage was restrictively placed in cases
with severe infections. Ropivacaine (40 mL, 200 mg) was
applied at each trocar site by infiltration as well as at the
level of the diaphragmatic cupolas. General anesthesia
was performed according to the recommendations of
the Enhanced Recovery After Surgery Society [21]. Upon
induction of general anesthesia, a single intravenous
dose of amoxicillin plus clavulanic acid (2 g) was
injected. We followed the guidelines of the French Soci-
ety of Anesthesia and Resuscitation Medicine regarding
the administration of antibiotics. In addition, for an im-
proved rehabilitation and for preventing post-operative
nausea and vomiting, intravenous injections of droperi-
dol (1.25 mg) and dexamethasone (8 mg) were adminis-
tered [22]. Multimodal analgesics were anticipated from
the start of surgery using an anti-hyperalgesic agent (keta-
mine 20 mg) [23], step 1 analgesics (Nefopam + paraceta-
mol + NSAID unless contra-indicated) and completing
local and peritoneal infiltrations by local long-acting
analgesics [24]. In case of complicated acute appendi-
citis, patients were given antibiotics postoperatively
for at least 48 h.

Patient management

Hospital facilities included two theaters dedicated to
planned and emergency digestive surgery with wide and
flexible admission times. Patients diagnosed late after-
noon with uncomplicated appendicitis returned home
and were operated on the next day. Patients eligible for
AS signed a consent form, which included complete in-
formation about appendicitis, surgical procedure, and
their commitment to inform the clinic about any
post-operative complications. AS patients operated on
weekdays and discharged from the theater before 5 pm
were admitted to the ambulatory recovery unit and dis-
charged on the same day. AS patients operated on week-
ends, and those operated on weekdays but discharged
from the theater after 5 pm, were admitted to the con-
ventional recovery unit and discharged on the same day.
All AS patients were monitored until full awakening and
retained until they fulfilled the clinical discharge criteria
for ambulatory procedures [25]. Each patient was con-
tacted 1 day following discharge to verify their status
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and was invited for a follow-up consultation at 1 month.
Out of 185 patients operated, 33 (17.8%) patients could
not be re-contacted and did not inform the clinic of any
complications. They were therefore assumed to have no
unexpected re-consultation, re-hospitalization, or
re-operation at any other clinic.

The following information was collected for each patient:
age, gender, length of hospital stay, operating time, compli-
cations within 30 days from discharge, in addition to any
unexpected re-consultation, unexpected re-hospitalization,
and unexpected re-operation (Table 1). Complications were
classified according to the modified Clavien system [26].
Data was collected as part of routine post-operative
follow-up and all patients provided informed consent for
the use of their data for research purposes. The institutional
review board approval was therefore not required for this
study.

Statistical analysis

Descriptive statistics were used to summarize the data.
Shapiro-Wilk tests were used to assess the normality of dis-
tributions. For non-Gaussian quantitative data, differences
between groups were evaluated using Wilcoxon rank sum
tests (Mann-Whitney U test). For non-Gaussian categorical
data, differences between groups were evaluated using
Fisher’s exact tests. Multivariable logistic regression ana-
lyses were performed to determine associations between
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two outcomes (unexpected re-consultations and re-
hospitalization) and 12 independent variables (gender, BMI
>28, symptoms >48 h, appendicolith, perforation signs,
ambulatory care, age, appendix diameter, CRP, WBC,
American Society of Anesthesiologists (ASA) score,
Saint-Antoine score. p values < 0.05 were considered statis-
tically significant. Statistical analyses were performed using
R version 3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria). p values < 0.05 were considered statisti-
cally significant.

Results

From the initial cohort of 185 patients, 117 (63.2%) were
eligible for AS, of which 8 had peri-operative or
post-operative contraindications (3 severe infections, 1
anaphylaxis, 2 generalized peritonitis, 2 excessive pain),
which left a total of 109 (58.9%) patients operated in am-
bulatory settings. Their median length of stay, starting
from hospital admission, was 8.5 h (range, 3.3-20.5).
Compared to conventional cases, ambulatory cases were
significantly younger (27.8 + 13 vs 43.2 + 20; p <0.001),
with lower preoperative CRP blood levels (27.8 +37 vs
63.7 £ 102; p =0.016), smaller appendix diameters (10.0
+3.2 vs 11.7£4.2; p<0.001), fewer appendix perfora-
tions (10.1 vs 25%; p=0.008), better Saint-Antoine
scores (3.8 + 1.1 vs 3.3 + 1.2; p = 0.009), and shorter oper-
ation times (30.8 £ 12 min vs 37.7 + 16.5 min; p = 0.004)

Table 1 Descriptives of the categoric and continuous variables for ambulatory and conventional cases

Ambulatory cases (n=109) Conventional cases (n = 76) p value
Mean + SD Median Range Mean + SD Median Range
Pre-operative variables
Age (years) 278+138 230 (8.0-82.0) 4324199 420 (15.0-87.0) <0.001
Appendix diameter (mm) 100+32 9.0 (5.8-26.0) 11.7+42 11.0 (5.0-30.0) <0.001
CRP level 278+373 12.0 (1.0-233.0) 63.7£101.7 21.0 (1.0-485.0) 0.016
WBC 128+49 13.0 (4.1-23.0) 141 +£52 134 (6.0-28.0) 0.136
ASA score 12+05 10 (1.0-3.0 13+06 10 (1.0-3.0 0393
SA score 38+1.1 4.0 (1.0-5.0) 33+£12 3.0 (0.0-5.0) 0.009
Male gender 57.8% 53.9% 0.653
BMI > 28 73% 7.9% 1.000
Symptoms > 48 h 38.5% 54.1% 0.049
Appendix diameter > 10 mm 27.8% 52.0% 0.001
Appendicolith 26.6% 27.6% 1.000
Perforation signs 10.1% 25.0% 0.008
Per-operative variables
Operation-time (mn) 308+120 30.0 (14.0-88.0) 37.7+165 340 (15.0-102.0) 0.004
Post-operative variables
Unexpected re-consultation 11.9% 224% 0.069
Unexpected re-hospitalization 4.6% 9.2% 0.236
Unexpected re-operation 0.9% 4.0% 0.306
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(Table 1). Moreover, there were no statistical differences
between ambulatory and conventional cases in terms of
rates of unexpected re-consultations (11.9 vs 22.4%, p =
0.069), re-hospitalizations (4.6 vs 9.2%, p =0.236), and
re-operations (0.9 vs 4.0%, p = 0.306).

Of the 185 patients operated, postoperative complica-
tions were noted in 32 (17.3%), and included excessive
pain or fever in 13 (7.0%), wound infections in 8 (4.3%),
abdominal abscess in 5 (2.7%), liver abscess in 1 (0.5%),
ileus in 2 (1.1%), phlegmon in 1 (0.5%), hematoma in 1
(0.5%), and acute urine retention in 1 (0.5%). The 109
ambulatory cases had a lower incidence of complications
(11.9%) than the 76 conventional cases (25.0%) (p=
0.029). According to the modified Clavien system, the
postoperative complications for ambulatory cases were
of grade I in 7 (6.4%) patients and grade II in 6 (5.5%)
patients, while for conventional cases, they were of grade
I in 11 (14.5%) patients, grade II in 6 (7.9%) patients,
and grade IIIb in 2 (2.6%) patients. Among the 32
patients with complications, 12 were re-hospitalized for
the following reasons: pain or fever without abscess (1 =
6), abdominal abscess (# = 3), liver abscess (n = 1), ileus
(n=1), and phlegmon (n =1).

Uni- and multi-variable regressions for the entire co-
hort (n = 185) revealed that unexpected re-consultations
were not significantly associated with any of the pre- or
peri-operative variables (Table 2) but that unexpected
re-hospitalizations were 4 times more likely for patients
with appendicolith (OR, 4.32; p=0.04) (Table 3). It is
worth noting that among the 12 patients who were
re-hospitalized, 7 (58%) had appendicolith, with a me-
dian time to rehospitalization of 3 days (range, 2—8).
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Discussion

Studies on appendectomy refer to various labels, defini-
tions, and criteria for ‘ambulatory’ surgery, making it
difficult to compare the proportions of procedures per-
formed in true ambulatory settings. Some defined ‘am-
bulatory’ surgery as ‘outpatient procedures’ with a length
of hospital stay <24 h (with or without overnight stay).
Although it seems logical to calculate length of stay from
the time of hospital admission [8, 13, 15, 18], many
authors calculate it from the end of surgery [6, 12, 13,
15, 17, 18]. Over the last decade, definitions of AS chan-
ged from day-case surgery with possible overnight stay
[17] to a procedure with no overnight stay [6, 11, 12, 16].
We followed the current guidelines of the IAAS and
defined ambulatory surgery as ‘a procedure where the
patient is discharged on the same working day.’

In this series, 59% of all appendectomies were performed
as ambulatory procedures, which is higher than the rates
reported in studies with a similar definition of AS (Table 4),
whose IIT population comprised complicated appendicitis
[6, 11, 12]. Sabbagh et al. [12], Lefrancois et al. [6], and
Grelpois et al. [11] reported ambulatory surgery in 18, 20,
and 32% of cases, respectively. Cash et al. [13] and Frazee
et al. [15, 18], who discharged patients within 24 h, and
whose cohorts with intention to treat (ITT) comprised only
uncomplicated acute appendicitis, claimed remarkable out-
patient rates ranging from 65 to 88%. Our rate of AS is all
the more remarkable that 27% of patients presented appen-
dicolith and 16% had perforation signs. In our series, 18%
of appendectomies could not be performed in ambulatory
settings because they were diagnosed or operated outside
standard working hours. This was also observed by Scott

Table 2 Logistic regression analysis of re-consultation incidence associated with patient characteristics

Variable Univariable Multivariable
Odds ratio 95% Cl p value Odds ratio 95% Cl p value
Categoric
Male gender 1.02 (047-2.29) 0.957 1.04 (041-2.73) 0.931
BMI > 28 0.38 (0.02-2.01) 0.356 043 (0.02-3.18) 0474
Symptoms > 48 h 1.09 (0.49-2.40) 0.823 0.85 (0.31-2.25) 0.746
Appendix diameter > 10 mm 112 (049-2.48) 0.777
Appendicolith 1.44 (0.60-3.27) 0.397 1.66 (0.63-4.21) 0.290
Perforation signs 2.20 (0.83-5.42) 0.096 1.84 (0.46-6.55) 0.360
Ambulatory surgery 047 (021-1.03) 0.062 0.57 (0.21-1.55) 0.267
Continuous
Age (years) 1.00 (0.97-1.02) 0.812 1.00 (0.97-1.03) 0814
Appendix diameter 0.98 (0.87-1.08) 0.720 0.95 (0.81-1.10) 0.540
CRP level 1.00 (0.99-1.01) 0.882 1.00 (0.99-1.01) 0.705
WBC 1.06 (0.98-1.16) 0.126 1.05 (0.96-1.15) 0.295
ASA score 0.82 (0.33-1.69) 0617 0.90 (0.27-2.66) 0.860
SA score 0.88 (0.62-1.27) 0491
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Table 3 Logistic regression analysis of re-hospitalization incidence associated with patient characteristics
Variable Univariable Multivariable
Odds ratio 95% Cl p value Odds ratio 95% Cl p value
Categoric
Male gender 1.60 (049-6.19) 0454 071 (0.15-347) 0.659
BMI > 28 112 (0.06-6.48) 0917 144 (0.05-17.10) 0.788
Symptoms > 48 h 1.25 (0.38-4.15) 0.709 1.46 (0.32-6.56) 0618
Appendix diameter > 10 mm 1.19 (0.34-3.90) 0.770
Appendicolith 423 (1.29-14.96) 0018 432 (1.09-19.08) 0.040
Perforation signs 2.83 (0.71-9.69) 0.109 3.23 (0.52-17.78) 0.184
Ambulatory surgery 047 (0.14-1.54) 0218 0.85 (0.17-4.58) 0.842
Continuous
Age (years) 1.01 (0.98-1.04) 0.559 1.03 (0.98-1.07) 0.174
Appendix diameter 1.01 (0.85-1.15) 0.873 0.95 (0.73-1.17) 0.698
CRP level 1.00 (1.00-1.01) 0.329 1.00 (0.98-1.01) 0438
WBC 1.08 (0.96-1.22) 0.200 1.08 (0.93-1.24) 0.307
ASA score 0.38 (0.02-1.52) 0.306 0.21 (0.01-1.36) 0.180
SA score 0.81 (0.50-1.37) 0422

et al. [16] who demonstrated that surgeries completed after
8pm had 70% greater odds of retaining the patient overnight.

While there are guidelines for deciding on surgical or
non-surgical treatment of acute appendicitis [27], there
is no present consensus on medical indications to prefer
conventional over ambulatory procedures for acute ap-
pendicitis [15], although ambulatory procedures have

been shown to decrease post-operative morbidities [20].
In France, only 1.3% of appendectomy procedures in 2015
were performed in ambulatory settings [20]. Most sur-
geons see conventional hospitalization as the standard and
look for patients eligible for AS. By contrast, we consider
all patients eligible for AS by default, unless they (i) have
severe comorbidities which require monitoring, (ii) cannot

Table 4 ‘Ambulatory’ series for acute appendicitis reported in the literature

Author Year Indications Contraindications® Treated by AS Re-consult Re-hosp
(I N1 for AS N2 (N2/N19%)

Studies on patients with UAA and CAA
This study 2017 AA 185 Severe® AA 109 59% 11.9% 469%°
Aubry et al. 2017 AA 194 CAA, ASA 23, age < 15 89 46% 20
Grelpois et al. 2016 AAage<18ASA<3 240 CAA 76 32% 13%¢ 4%
LeFrancois etal. 2014  AA 184 CAA 37 20% 5% 3%
Sabbagh et al. 2012 AA 123 CAA, age< 18 22 18% 3.1%¢° 3.1%
Dubois et al. 2010 AA 161 CAA, diabetes or immune 72 45% 11.1%°

disorder, age < 16 or > 65

Studies on patient with UAA only
Scott et al. 2016 UAA age < 18 12,703 CAA 6710 53% 2.29%
Frazee et al. 2016 UAA 563 CAA, age < 17 484 86% 1.20%¢
Frazee et al. 2014 UAA 345 CAA, age < 17 305 88% 19
Cash et al. 2012 UAA 153 CAA, age < 18 99 65% 0%"°

Abbreviations: AA acute appendicitis, UAA uncomplicated acute appendicitis, CAA complicated acute appendicitis [including perforated/gangrenous appendicitis or
abscess], ITT intention to treat population, ASA American Society of Anesthesiologists score, SA Saint-Antoine score, AS ambulatory surgery, IAAS International

Association for Ambulatory Surgery, LOS length of stay [from admission]
Severe infections, anaphylaxis, generalized peritonitis, and excessive pain

PAll studies considered the following characteristics as contraindications: history of abdominal surgery, patient’s refusal, home > 1 h away, living alone, severe

pre-op comorbidities
Of patients admitted for AS
40f patients treated by AS
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be operated before 5 pm and cannot be postponed to the
next day, (iii) do not meet ambulatory discharge criteria
[25], and/or (iv) have severe infections or complications.

Lefrancois et al. [6] created a score to select patients for
AS based on 5 preoperative criteria (BMI < 28 kg/m?, pre-
operative CRP levels <30 mg/dL, preoperative WBC
counts < 15,000/mm?® diameters of the appendix <
10 mm, and no radiological signs of perforation). In our
series, we found that patients with greater CRP levels,
greater appendix diameters, perforation signs as well as
older patients were less likely to have AS, but found no
differences regarding BMI or WBC counts. Frazee et al.
[15] and Cash et al. [13] also demonstrated that, in pa-
tients eligible for same-day discharge, pre-existing comor-
bidities as well as older age were factors that prompted
conventional surgery. Scott et al. [16] underlined that the
decision to discharge younger, healthier patients from the
recovery room is often based on the subjective appreci-
ation of operating surgeons rather than objective medical
criteria. If so, then the practice of routine conventional
hospitalization after appendectomy should be questioned.

In our series, complications were reported in 25% of
conventional cases (Clavien grades I to IIIb) and in 12%
of ambulatory cases (Clavien grades I and II). The higher
rate of complications among conventional cases could
be biased because they included patients with severe
comorbidities. Among recent studies that used the defin-
ition of the IAAS, only Lefrancois et al. [6] reported the
complication rate of 8% in their cohort of uncomplicated
acute appendicitis treated by AS. In our series, the
higher complication rate of 12% could be because we
performed AS in a much larger proportion of patients,
of whom 27% had appendicolith and 10% had perfor-
ation signs. Importantly, AS did not increase the rate of
unexpected re-consultation, re-hospitalization, or re-op-
eration. Our re-consultation, re-hospitalization, and
re-operation rates amounted to 12, 4.5, and 1%, respect-
ively, which is analogous to rates reported in recent
studies [6, 11, 12, 16], even if our series included a larger
proportion of ambulatory cases. Overall, the low rate of
complications and re-hospitalizations of AS should chal-
lenge the current standard of routine conventional
hospitalization for uncomplicated appendicitis. If AS is
increasingly recognized as safe for uncomplicated cases,
our findings suggest it could also be considered in some
complicated cases without severe comorbidities.

Our uni- and multi-variable regressions revealed that no
variable, including AS, were significantly associated with
unexpected re-consultation. The only variable significantly
associated with unexpected re-hospitalization was appendi-
colith, also known as fecalith, corpolith, or stercolith.
Appendicolith, which is composed of firm feces and some
mineral deposits, is a well-established risk factor for perfor-
ation [28-30], inflammation [31], and failure of antibiotics
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treatment [32] or post-operative adverse events [31, 33, 34].
In our series, BMI was not associated with unex-
pected re-consultations or re-hospitalizations. In our
experience, the Saint-Antoine score is a good predictor of
complicated appendicitis, but is too restrictive for select-
ing patients for AS, notably because of the criterion
of BMI>28. Our uni- and multi-variable regressions
revealed that patients with appendicolith were 4 times
more likely to be re-hospitalized. It is worth noting
that Lefrancois et al. [6] did not include appendicolith in
their multivariable analysis on which they based their
Saint-Antoine score. Furthermore, as highlighted by Di
Saverio et al. [35], each variable selected in the calculation
of the total score was given an equal weight of 1 point in-
stead of adjusting the propensity of each variable to its odds
ratio. Interestingly, our series presented comparable pro-
portions of appendicolith in ambulatory and conventional
cases, which enabled detection of its associated risks, inde-
pendently from AS or conventional hospitalization. Given
the association of appendicolith with re-hospitalization, the
authors recommend that appendicolith should therefore
trigger closer monitoring.

Appendicolith is a known risk-factor for non-operative
treatment of appendicitis [20, 36, 37], and its surgical
treatment is recommended [38]. Before conducting this
study, the authors did not expect that appendicolith was
also a risk-factor in surgical treatment of appendicitis;
therefore, they did not manage patients with appendico-
lith specifically. Recent studies have identified that
retained appendicolith after appendectomy is associated
with abscess formation and infection [39-42] and sug-
gest that risk of spillage of appendicolith may be reduced
by ensuring that the distal end of the appendix is intact
after division [41] and by performing a double ligature
of appendicular base [43]. Our findings suggest that ap-
pendicitis with appendicolith should be considered as
“complicated,” and therefore be treated with antibiotics
post-operatively. Patients with appendicolith must be
informed of increased risks of rehospitalization and be
monitored regularly after appendectomy whether per-
formed in conventional or ambulatory setting.

The limitations of this study are typical of retrospect-
ive investigation. Out of 185 patients operated, we could
not re-contact 33 (17.8%) patients, which may have led
us to underestimate the number of minor complications.
The strengths of the study include a strict definition of
AS rendering comparisons with the literature rigorous, a
consecutive series, a multi-operators database, and a
large inclusion of patients.

Conclusion

In the present consecutive series of complicated and un-
complicated appendectomies, 59% were performed as true
ambulatory procedures, with patients discharged on the
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same working day. There were no significant differences in
rates of unexpected re-consultations, re-hospitalizations, or
re-operations between cases performed in ambulatory ver-
sus conventional settings. Therefore, ambulatory surgery
seems safe and feasible for selected patients with both un-
complicated and complicated acute appendicitis. To better
inform patients and manage their expectations, surgeons
should be aware that appendicolith is an independent risk
factor of unexpected re-hospitalization for appendectomy
and should therefore trigger closer monitoring.

Acknowledgements
The authors are grateful to Mr. Vincent Petit for his assistance with data
collection and to Mrs. Aude Michelet for her help in manuscript redaction.

Availability of data and materials
The authors declare that all data generated or analyzed during this study are
included in this published article.

Authors’ contributions

BG, MB, TL, AV, MR, and VF made substantial contributions to study conception
and design, or data acquisition. BG, MS, and HB made substantial contributions
to data analysis and interpretation. BG, MB, MS, HB, and VF drafted the
manuscript. All authors read and approved the manuscript.

Ethics approval and consent to participate

Data was collected as part of routine post-operative follow-up, and all patients
provided informed consent for the use of their data for research purposes. The
institutional review board approval was therefore not required for this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of General, Visceral and Endocrine Surgery, Clinique de la
Sauvegarde, Lyon, France. *Department of Anesthesiology, Clinique de la
Sauvegarde, Lyon, France. *Medical Technology, ReSurg SA, ch. de la
Vuarpilliere 35, 1260 Nyon, Switzerland. “Department of Digestive Surgery,
University Hospital Edouard Herriot, Lyon, France.

Received: 8 March 2018 Accepted: 22 June 2018
Published online: 28 June 2018

References

1. Sammalkorpi HE, Mentula P, Leppaniemi A. A new adult appendicitis score
improves diagnostic accuracy of acute appendicitis—a prospective study.
BMC Gastroenterol. 2014;14:114.

2. Sabbagh C, Cosse C, Dupont H, Ntouba A, Lion T, Regimbeau JM.
Ambulatory management of gastrointestinal emergencies: what are the
current literature data? J Visc Surg. 2014;151:23-7.

3. Hansson J, Korner U, Khorram-Manesh A, Solberg A, Lundholm K.
Randomized clinical trial of antibiotic therapy versus appendicectomy as
primary treatment of acute appendicitis in unselected patients. Br J Surg.
2009,96:473-81.

4. Harnoss JC, Zelienka I, Probst P, Grummich K, Muller-Lantzsch C, Harnoss JM,
Ulrich A, Buchler MW, Diener MK. Antibiotics versus surgical therapy for
uncomplicated appendicitis: systematic review and meta-analysis of
controlled trials (PROSPERO 2015: CRD42015016882). Ann Surg. 2017,265:
889-900.

5. Sartelli M, Viale P, Catena F, Ansaloni L, Moore E, Malangoni M, Moore FA,
Velmahos G, Coimbra R, Ivatury R, Peitzman A, Koike K, Leppaniemi A, Biffl

20.

22.

Page 7 of 8

W, Burlew CC, Balogh ZJ, Boffard K, Bendinelli C, Gupta S, Kluger Y, Agresta
F, Di Saverio S, Wani |, Escalona A, Ordonez C, Fraga GP, Junior GA, Bala M,
Cui'Y, Marwah S, Sakakushev B, Kong V, Naidoo N, Ahmed A, Abbas A,
Guercioni G, Vettoretto N, Diaz-Nieto R, Gerych |, Trana C, Faro MP, Yuan KC,
Kok KY, Mefire AC, Lee JG, Hong SK, Ghnnam W, Siribumrungwong B, Sato
N, Murata K, Irahara T, Coccolini F, Segovia Lohse HA, Verni A, Shoko T. 2013
WSES guidelines for management of intra-abdominal infections. World J
Emerg Surg. 2013;83.

Lefrancois M, Lefevre JH, Chafai N, Pitel S, Kerger L, Agostini J, Canard G,
Tiret E. Management of acute appendicitis in ambulatory surgery: is it
possible? How to select patients? Ann Surg. 2015,261:1167-72.

Alvarez C, Voitk AJ. The road to ambulatory laparoscopic management of
perforated appendicitis. Am J Surg. 2000;179:63-6.

Aubry A, Saget A, Manceau G, Faron M, Wagner M, Tresallet C, Riou B,
Lucidarme O, le Saché F, Karoui M. Outpatient appendectomy in an
emergency outpatient surgery unit 24 h a day: an intention-to-treat analysis
of 194 patients. World J Surg. 2017;41(10):2471-9.

Gilliam AD, Anand R, Horgan LF, Attwood SE. Day case emergency
laparoscopic appendectomy. Surg Endosc. 2008,22:483-6.

Ramesh S, Galland RB. Early discharge from hospital after open
appendicectomy. Br J Surg. 1993;80:1192-3.

Grelpois G, Sabbagh C, Cosse C, Robert B, Chapuis-Roux E, Ntouba A, Lion T,
Regimbeau JM. Management of uncomplicated acute appendicitis as day
case surgery: feasibility and a critical analysis of exclusion criteria and
treatment failure. J Am Coll Surg. 2016;223:694-703.

Sabbagh C, Brehant O, Dupont H, Browet F, Pequignot A, Regimbeau JM.
The feasibility of short-stay laparoscopic appendectomy for acute
appendicitis: a prospective cohort study. Surg Endosc. 2012;26:2630-8.
Cash CL, Frazee RC, Abernathy SW, Childs EW, Davis ML, Hendricks JC, Smith
RW. A prospective treatment protocol for outpatient laparoscopic
appendectomy for acute appendicitis. J Am Coll Surg. 2012;215:101-5.
discussion 105-106

Cash CL, Frazee RC, Smith RW, Davis ML, Hendricks JC, Childs EW, Abernathy
SW. Outpatient laparoscopic appendectomy for acute appendicitis. Am
Surg. 2012;78:213-5.

Frazee RC, Abernathy SW, Davis M, Hendricks JC, Isbell TV, Regner JL, Smith
RW. Outpatient laparoscopic appendectomy should be the standard of care
for uncomplicated appendicitis. J Trauma Acute Care Surg. 2014;76:79-82.
discussion 82-73

Scott A, Shekherdimian S, Rouch JD, Sacks GD, Dawes AJ, Lui WY, Bridges L,
Heisler T, Crain SR, Cheung MW, Aboulian A. Same-day discharge in
laparoscopic acute non-perforated appendectomy. J Am Coll Surg. 2017;
224:43-8.

Dubois L, Vogt KN, Davies W, Schlachta CM. Impact of an outpatient
appendectomy protocol on clinical outcomes and cost: a case-control
study. J Am Coll Surg. 2010,211:731-7.

Frazee RC, Abernathy SW, Isbell CL, Isbell T, Regner JL, Smith RD. Outpatient
laparoscopic appendectomy: is it time to end the discussion? J Am Coll
Surg. 2016;222:473-7.

Gignoux B, Gosgnach M, Lanz T, Vulliez A, Blanchet M-C, Frering V,
Faucheron J-L, Chasserant P. Short-term outcomes of ambulatory colectomy
for 157 consecutive patients. Ann Surg. 2018;In Press.

Vons C, Johanet H, Beaussier M. Chirurgie ambulatoire générale et digestive
[In French]; In: Rapport au 119eme congrés francais de chirurgie.
Monographie de l'association francaise de chirurgie. ISBN: 978-2-7184-1459-
1. Paris: John Libbey Eurotext; 2017. https://www.decitre.fr/livres/chirurgie-
ambulatoire-generale-et-digestive-9782718414591.html.

Nygren J, Thacker J, Carli F, Fearon KC, Norderval S, Lobo DN, Ljungqvist O,
Soop M, Ramirez J, Enhanced Recovery After Surgery Society fPC, European
Society for Clinical N, Metabolism, International Association for Surgical M,
Nutrition. Guidelines for perioperative care in elective rectal/pelvic surgery:
enhanced recovery after surgery (ERAS((R))) society recommendations.
World J Surg. 2013;37:285-305.

Kranke P, Eberhart LH. Possibilities and limitations in the pharmacological
management of postoperative nausea and vomiting. Eur J Anaesthesiol.
2011,28:758-65.

Aubrun F, Gaulain KN, Fletcher D, Belbachir A, Beloeil H, Carles M, Cuvillon
P, Dadure C, Lebuffe G, Marret E, Martinez V, Olivier M, Sabourdin N,
Zetlaoui P, Réanimation Sfdaed. Réactualisation de la recommandation sur
la douleur postopératoire. Anesth Reanim. 2016;2:421-30. www.em-
consulte.com/revue/anrea.


https://www.decitre.fr/livres/chirurgie-ambulatoire-generale-et-digestive-9782718414591.html
https://www.decitre.fr/livres/chirurgie-ambulatoire-generale-et-digestive-9782718414591.html
http://www.em-consulte.com/revue/anrea
http://www.em-consulte.com/revue/anrea

Gignoux et al. World Journal of Emergency Surgery (2018) 13:28

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

Kahokehr A, Sammour T, Srinivasa S, Hill AG. Systematic review and meta-
analysis of intraperitoneal local anaesthetic for pain reduction after
laparoscopic gastric procedures. Br J Surg. 2011;98:29-36.

Chung F, Chan VW, Ong D. A post-anesthetic discharge scoring system for
home readiness after ambulatory surgery. J Clin Anesth. 1995,7:500-6.
Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240:205-13.

Di Saverio S, Birindelli A, Kelly MD, Catena F, Weber DG, Sartelli M, Sugrue
M, De Moya M, Gomes CA, Bhangu A, Agresta F, Moore EE, Soreide K,
Griffiths E, De Castro S, Kashuk J, Kluger Y, Leppaniemi A, Ansaloni L,
Andersson M, Coccolini F, Coimbra R, Gurusamy KS, Campanile FC, Biffl W,
Chiara O, Moore F, Peitzman AB, Fraga GP, Costa D, Maier RV, Rizoli S,
Balogh ZJ, Bendinelli C, Cirocchi R, Tonini V, Piccinini A, Tugnoli G, Jovine E,
Persiani R, Biondi A, Scalea T, Stahel P, Ivatury R, Velmahos G, Andersson R.
WSES Jerusalem guidelines for diagnosis and treatment of acute
appendicitis. World J Emerg Surg. 2016;11:34.

Imran JB, Madni TD, Minshall CT, Mokdad AA, Subramanian M, Clark AT,
Phelan HA, Cripps MW. Predictors of a histopathologic diagnosis of
complicated appendicitis. J Surg Res. 2017;214:197-202.

Singh JP, Mariadason JG. Role of the faecolith in modern-day appendicitis.
Ann R Coll Surg Engl. 2013;95:48-51.

Singh M, Kadian YS, Rattan KN, Jangra B. Complicated appendicitis: analysis
of risk factors in children. Afr J Paediatr Surg. 2014;11:109-13.

Kim MS, Kim MS, Kim DH, Park HW, Park HJ, Hong HP, Kwon HJ. Pre-
operative CT predictors associated with 30-day adverse events in patients
with appendiceal inflammatory masses who underwent immediate
appendectomies. Abdom Imaging. 2015;40:2263-71.

Vons C, Barry C, Maitre S, Pautrat K, Leconte M, Costaglioli B, Karoui M, Alves A,
Dousset B, Valleur P, Falissard B, Franco D. Amoxicillin plus clavulanic acid versus
appendicectomy for treatment of acute uncomplicated appendicitis: an open-
label, non-inferiority, randomised controlled trial. Lancet. 2011;377:1573-9.

Fike FB, Mortellaro VE, Juang D, Sharp SW, Ostlie DJ, St Peter SD. The impact
of postoperative abscess formation in perforated appendicitis. J Surg Res.
2011;170:24-6.

Henry MC, Walker A, Silverman BL, Gollin G, Islam S, Sylvester K, Moss RL.
Risk factors for the development of abdominal abscess following operation
for perforated appendicitis in children: a multicenter case-control study.
Arch Surg. 2007;142:236-41. discussion 241

Di Saverio S, Catena F, Tarasconi A, Tugnoli G, Jovine E. How to select
patients with acute appendicitis for appendectomy in ambulatory surgery?
Ann Surg. 2016;263:e64.

Mahida JB, Lodwick DL, Nacion KM, Sulkowski JP, Leonhart KL, Cooper JN,
Ambeba EJ, Deans KJ, Minneci PC. High failure rate of nonoperative
management of acute appendicitis with an appendicolith in children.

J Pediatr Surg. 2016;51:908-11.

Yoon HM, Kim JH, Lee JS, Ryu JM, Kim DY, Lee JY. Pediatric appendicitis
with appendicolith often presents with prolonged abdominal pain and a
high risk of perforation. World J Pediatr. 2018;14(2):184-90.

Steiner Z, Buklan G, Stackievicz R, Gutermacher M, Litmanovitz |, Golani G,
Arnon S. Conservative treatment in uncomplicated acute appendicitis:
reassessment of practice safety. Eur J Pediatr. 2017,176:521-7.

Ajitha M, Ramya Y, Sharath Kumar K. Dropped appendicolith: complications
and management. Int J Biomed Res. 2015,6:65-70.

Muyldermans K, Brussaard C, Willekens |, de Mey J. Liver abscess due to
dropped appendicolith after laparoscopic appendectomy. J Belgian Soc
Radiol. 2015;99:47-9.

Maatouk M, Bunni J, Schuijtvlot M. Perihepatic abscess secondary to
retained appendicolith: a rare complication managed laparoscopically.

J Surg Case Rep. 2011,2011:6.

Singh AK, Hahn PF, Gervais D, Vijayraghavan G, Mueller PR. Dropped
appendicolith: CT findings and implications for management. AJR Am J
Roentgenol. 2008;190:707-11.

Guillem P, Mulliez E, Proye C, Pattou F. Retained appendicolith after
laparoscopic appendectomy: the need for systematic double ligature of the
appendiceal base. Surg Endosc. 2004;18:717-8.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical technique
	Patient management
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

