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Abstract
Purpose Ambulatory laparoscopic appendectomy has gained popularity due to the improved understanding of patient selection
criteria, the application of enhanced recovery pathways, and the potential for improving healthcare resource utilization. The aim
of the review was to compare the morbidity and readmission rates between ambulatory and conventional laparoscopic appen-
dectomy (LA).
Methods A systematic search was undertaken using PubMed, Embase, Cochrane, and Web of Science. Studies from 2014 to
2018, on adult patients undergoing ambulatory LA, were considered. Meta-analyses were conducted to pool the total number of
complications and readmission events in the ambulatory and conventional groups.
Results A total of 5 studies met our inclusion criteria accounting for 7079 total of patients with acute appendicitis treated by
ambulatory LA and 6370 patients treated by conventional LA. We included four observational studies (two prospective and two
retrospective) and one randomized controlled trial. Length of stay was significantly lower in the ambulatory group (mean
difference = − 15.63 h, 95% CI = − 21.78 to − 9.49, P = < 0.00001). The relative risk (RR) of reoperation was 0.49 (95% CI =
0.12–1.95, P = 0.31). The results demonstrated a pooled RR of overall morbidity of 0.79 (95% CI = 0.65–0.97, P = 0.02) and a
pooled RR of readmission of 0.72 (95% CI = 0.59–0.88, P = 0.002), both results favoring the ambulatory LA group.
Conclusion There is a lack of high-quality comparative studies making conclusive recommendations not possible at this time.
Based on current data, ambulatory LA may be safe and feasible as compared with conventional LA.
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Introduction

Ambulatory surgery is defined as an outpatient treatment
model in which the length of hospital stay (LOS) is shorter
than 12 h without an overnight hospitalization [1–4]. In some
countries, ambulatory surgery has become the standard of care
for elective gastrointestinal procedures such as inguinal hernia
repair, cholecystectomy, fundoplication, laparoscopic gastric
banding, and proctologic procedures [5, 6]. In the USA, more
than two-thirds of elective surgeries are done on an

ambulatory basis [5]. Due to the fact that laparoscopic appen-
dectomy is an emergency surgery and cannot be planned,
implementation of “short-stay” protocols (ambulatory appen-
dectomy) requires definition of selection criteria for candidate
patients, as well as a perioperative care pathway.

Hospital discharge on the same day of appendectomy for
acute appendicitis was described since 1994 [7–9]. Although
there was initial concern about increasing complications and
hospital readmissions with the practice of ambulatory surgery,
recent evidence has supported discharging patients on the
same day of surgery [2, 10]. This evidence is true for patients
with acute uncomplicated appendicitis (non-perforated) [10,
11]. Only one systematic review has been published about this
topic despite the high prevalence of the disease [2]. That sys-
tematic review, published in 2014, reviewed studies between
1993 and 2012 and concluded that the few data reported in 13
studies (mainly retrospective) suggest that day-case appendec-
tomy may be feasible. Observational studies have shown that
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discharging patients on the same day of surgery or treating
them with an outpatient/ambulatory procedure is not related
with increased readmission, unplanned consultations, overall
morbidities, or reoperation [2].

In the cost-effective healthcare environment, ambulatory
laparoscopic appendectomy has gained popularity owing to
the improved understanding of patient selection criteria, the
application of enhanced recovery pathways, and the potential
for improving healthcare resource utilization. However, appli-
cation of these criteria is not easy in the acute care environ-
ment. Up to date, no meta-analysis regarding ambulatory
treatment of acute appendicitis is available in the surgical
literature.

This systematic review and meta-analysis aimed to evalu-
ate the safety and feasibility of ambulatory laparoscopic ap-
pendectomy (LA) protocols in comparison to conventional
LA for the treatment of adult patients with acute appendicitis.
The primary aim of the study was to compare the overall
morbidity rates and readmission rates between ambulatory
LA (outpatient) and conventional LA (inpatient).

Materials and methods

This systematic review and meta-analysis was conducted and
reported according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines
[12]. No previous review protocol was published.

Definitions

The international definition of ambulatory surgery includes
surgical procedures with a hospital stay of less than 12 h [1,
2, 6]. Studies reporting day-case, outpatient, or same-day dis-
charge with a stay of less than 12 h were included. Studies of
laparoscopic appendectomies with fast-track or Enhanced
Recovery After Surgery protocols were included if their
LOS was less than 12 h.

Conventional or “traditional” care was defined as the type
of care in which the patients usually were admitted to the
hospital after the surgical procedure. The length of stay in this
group was more than 12 h postoperatively. This systematic
review considered studies of laparoscopic appendectomy per-
formed within these definitions.

Search strategy

The online literature was searched using the following com-
bination of medical subject heading (MeSH) terms [“laparo-
scopic appendectomy” OR “minimally invasive appendecto-
my”] AND [“ambulatory appendectomy” OR “day-case ap-
pendectomy” OR “day stay” OR “same day appendectomy”
OR “outpatient” OR “fast-track appendectomy” OR

“enhanced recovery after surgery”] AND [“acute appendici-
tis” OR “uncomplicated appendicitis” OR “complicated ap-
pendicitis”]. A MEDLINE (using PubMed as the search en-
gine), Embase database, Cochrane database, and Web of
Science search was performed. Searches were limited to pub-
lications in English. All studies in the last 5 years (from 2014
to 2018) on adult patients (over 18 years old) undergoing
ambulatory/outpatient laparoscopic appendectomy were con-
sidered. Titles and abstracts were screened for eligibility and
full-text original articles were retrieved. Duplicates were de-
leted. The latest electronic search was performed on
December 20, 2018.

Eligibility criteria

Original clinical studies evaluating ambulatory/outpatient lap-
aroscopic appendectomy for adult patients with acute appen-
dicitis were included. Inclusion criteria included any system-
atic review, meta-analysis, randomized controlled trial (RCT),
prospective comparative study, and retrospective comparative
study. Included studies should have compared outpatient/
ambulatory laparoscopic appendectomy versus conventional
care.We excluded review articles, editorials, case reports, case
series, observational non-comparative studies, and studies
with no results available. Manuscripts were excluded if an
electronic version was unavailable.

Quality assessment

The quality of the articles was assessed using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) guidelines [13]. Each article was rated on a 4-point
scale from high to very low, based on the level of confidence
in the effect estimate.

Data collection process and synthesis

Two independent authors extracted data from the included
studies on a Microsoft Excel database. The following infor-
mation was recorded: author names, year of publication, jour-
nal, type of study, country, number of patients, mean age
(years), sex, complicated or uncomplicated appendicitis, total
white blood cell count, C-reactive protein mean value, mean
operative time, time to resume diet, postoperative pain accord-
ing to Visual Analogue Scale (VAS), length of stay, overall
morbidity rate, failed discharge rate, readmission rate, and
reoperation rate. Data was presented using descriptive
methods.

Results of the systematic review are divided in patient se-
lection criteria for ambulatory surgery in the included studies,
preoperative management employed in the ambulatory group,
intraoperative management, postoperative management and
discharge criteria, and failure of the ambulatory protocol
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expressed as conversion from ambulatory laparoscopic appen-
dectomy (AmbLA) to “conventional” laparoscopic appendec-
tomy (ConvLA).

The primary aim of the study was to compare the overall
morbidity rates and readmission rates between ambulatory LA
and conventional LA.

Statistical analysis

Statistical analysis was performed with Review Manager ver-
sion 5.3.5 (RevMan, Cochrane Collaboration, Oxford, UK).
Meta-analyses were conducted to pool the total number of
complications (overall morbidity) in the AmbLA and
ConvLA groups of each study and also the total number of
readmission events in the AmbLA and ConvLA groups of
each study. The results of the meta-analysis were expressed
as the relative risk (RR) for dichotomous data and as mean
difference (MD) for continuous data, with 95% confidence
intervals (95% CI). Mantel-Haenszel method was used for
dichotomous variables. All meta-analyses were completed
using random-effects model, which assumes both within-
study and between-study variability for a more conservative
estimate as compared to a fixed-effects model. The I2 test
statistic was used to quantify heterogeneity. P < 0.05 was con-
sidered statistically significant. Funnel plots were constructed

to assess the risk of publication bias across studies for all
outcome measures (morbidity and readmission).

Results

Description of included studies

After the review of abstracts, full original articles, and hand
searching references, five articles were identified as eligible
for analysis. A flowchart overview of the search is depicted in
Fig. 1. A total of five studies met our inclusion criteria ac-
counting for 7079 total of patients with acute appendicitis
treated by AmbLA between 2014 and 2018 [11, 14–17]. A
total of 6370 patients with acute appendicitis were included in
the ConvLA group (control group) [11, 14–17]. The majority
of the studies were conducted in the USA and France [14–17],
and one study was conducted in Mexico [11] (see Table 1).
The primary study designs were observational comparative
studies (two prospective and two retrospective) [14–17].
Only one article used a randomized controlled trial to evaluate
enhanced recovery protocol as a mean to reduce postoperative
length to stay after LA [11]. The aims of these studies were to
evaluate ambulatory/outpatient laparoscopic appendectomy
versus conventional care in terms of length of stay, morbidity,

Fig. 1 PRISMA 2009 flow
diagram of inclusion and
exclusion of studies
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and readmissions. No systematic reviews or meta-analyses
were found in database searches.

Excluded studies

We excluded four studies reporting “outpatient” or “ambula-
tory” laparoscopic appendectomy, mainly because they ana-
lyzed a cohort of patients without comparing their intervention
with a control group (in this case, “conventional or traditional”
care): Aubry et al. [3], Frazee et al. [18, 19], and Grelpois et al.
[20]. Finally, the study of Trevino et al. [21] was excluded
because they included mixed data from ambulatory appendec-
tomies and cholecystectomies.

Patient selection criteria for ambulatory surgery
in the included studies

The characteristics of patients included in the meta-analysis
are shown in Table 2. The mean total white blood cell count
[11, 15, 17] as well as the mean C-reactive protein level [11,
15, 17] reported in the studies are presented in Table 2.

Lefrancois et al. [15] developed a predictive score ranging
from 0 to 5 (the so-called Saint Antoine score) for discharged
patients within the first 24 h from laparoscopic appendectomy.
They assigned one point for each of the following factors:
body mass index less than 28 kg/m2, white cell count less than
15,000/mL, C-reactive protein less than 30 mg/L, no radio-
logical signs of perforation, and appendix diameter of 10 mm
or smaller. Patients with a score of 4 or superior were consid-
ered for AmbLA. They reported a success rate of 97%.

In the only RCT, the inclusion criteria were patients of
both sexes, aged between 18 and 70 years, and with an
American Society of Anesthesiologist (ASA) grade of I

or II [11]. Rosen et al. [14] and Scott et al. [16] included
patients older than 18 years who underwent laparoscopic
appendectomy for acute uncomplicated appendicitis.
Gignoux et al. [17] offered AmbLA to all patients with
uncomplicated and complicated appendicitis, excluding
patients with the following items: cases that could not be
operated before 5 pm and could not be postponed to the
next day, home-hospital journey over 1 h, patient living
alone, and severe comorbidities which required monitor-
ing. They reported 10.1% of the patients in the AmbLA
group having complicated appendicitis and 25% of patients
in the ConvLA group.

Patients excluded from AmbLA had the following charac-
teristics in the studies: pregnant women [11, 14, 15], patients
taking oral anticoagulants [11], severe comorbidities [11, 15],
intraoperative confirmation of gangrene or perforation [11, 14,
16], presence of generalized peritonitis [17], severe sepsis
[15], incidental appendectomy [11, 16], appendectomy per-
formed concomitant with another procedure [11, 16], insuffi-
cient understanding from the patient [15], home located over
1-h transport [15], and patients who required longer than 48 h
of hospital admission [16].

Preoperative management in AmbLA

Trejo-Avila et al. [11] and Gignoux et al. [17] adapted some of
the items included in the ERAS guidelines to patients with
acute appendicitis. Some of these items were information to
patients and caregivers, preoperative treatment with calculated
crystalloid isotonic solution, use of antibiotics, standard gas-
tric prophylaxis, opioid-sparing analgesia, preoperative com-
plete evaluation by anesthesiologists, and avoidance of blad-
der catheter.

Table 1 Summary of original
papers used in this review Author Year Study type Country Patients, n

AA ver sus
CA

Quality of the
evidence
(GRADE)

Trejo-Avila et al.
[11]

2018 Randomized controlled
trial

Mexico AA= 50

CA= 58

Moderate

⊕⊕⊕⊝
Rosen et al. [14] 2017 Prospective comparative USA OA= 173

CA= 178

Low

⊕⊕⊝⊝
Lefrancois et al. [15] 2015 Prospective comparative France AA= 37

CA= 65

Low

⊕⊕⊝⊝
Scott et al. [16] 2017 Retrospective comparative USA AA= 6710

CA= 5993

Low

⊕⊕⊝⊝
Gignoux et al. [17] 2018 Retrospective comparative France AA= 109

CA= 76

Very low

⊕⊝⊝⊝

GRADEGrading of Recommendations Assessment, Development and Evaluation, AA ambulatory appendectomy
(AmbLA group), CA conventional appendectomy (ConvLA group)
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Rosen et al. [14] mentioned that they informed patients
about laparoscopic appendectomy and counseled patients that
they would be going home from the post-anesthesia care unit.

Lefrancois et al. [15], after classifying their patients accord-
ing to their scale (score of 4 or superior), admitted patients to
surgery if between 7:00 and 13:00, and after 13:00, the oper-
ation was delayed until the next morning. If the surgery was
postponed, they sent patients home with oral antibiotics.
Gignoux et al. [17] also postponed the surgery to the next day.

There was not a specific preoperative management in pa-
tients selected for AmbLA in the majority of the studies
[14–16].

Intraoperative management

All patients in the included studies underwent laparoscopic
appendectomy [11, 14–17]. General anesthesia was per-
formed according to recommendations of ERAS guidelines
[11, 17]. Antibiotic prophylaxis was mentioned in the ma-
jority of the studies [11, 15, 17]. Surgical incisions were
infiltrated with local anesthetics [11, 15, 17]. No drainage
was routinely placed in some studies [11, 15]. Trejo-Avila
et al. [11] mentioned that patients in the AmbLA group
received strict control of fluid therapy. They also prevented
hypothermia and avoided the placement of nasogastric
tubes. Lefrancois et al. [15] employed low-pressure pneu-
moperitoneum (9 mmHg).

There was not a specific protocol reported for patients in
the AmbLA group in two studies [14, 16].

Postoperative management

Patients were discharged from the recovery room [11, 15,
16], ambulatory recovery unit [17], or post-anesthesia
care unit [14].

Some of the discharge criteria employed for AmbLAwere
the presence of normal vital signs [11, 14–17], adequate ac-
tivity and mental status [11, 16, 17], adequate pain control [11,
14, 16, 17], ability to urinate [11, 14], ability to ambulate [11,
14], adequate tolerance of oral intake [11, 14], absence of
nausea or vomiting [11, 14, 17], dressings dry without evi-
dence of bleeding [14, 17], and physician approval [11, 14,
16]. Gignoux et al. [17] employed a post-anesthetic discharge
scoring system for home readiness after ambulatory surgery.
Scott et al. [16] employed a scoring system (Procedural and
Anesthesia Scoring System) in order to decide if the patient is
safe to go home. Patients with a score of more than 12 were
considered safe for discharge. This score evaluates conscious-
ness, activity, circulation, respiration, O2 saturation, pain, and
emesis.

Conversion from AmbLA to ConvLA and readmission
rates

The mean failed discharge rate was 13.6% (range 2.6% to
35%) in patients intended to receive ambulatory manage-
ment [11, 14, 15, 17]. One study reverted from AmbLA to
conventional appendectomy in the case of generalized
peritonitis or abscess requiring administration of intrave-
nous antibiotics, anaphylaxis, persisting pain that could not
be treated by oral analgesic, fever, or vomiting [17]. They
reported a failed discharge rate of 6.8% in the AmbLA
group (see Table 3) [17].

Trejo-Avila et al. [11] reported a failed discharge rate of
10% from the recovery room in patients randomized to
AmbLA, and these patients required admission to the
hospital.

The highest rate of conversion from AmbLA to
ConvLA was 35% in one study [14]. The reported reasons
were no transportation, not passing the discharge criteria,

Table 2 Study characteristics

Study Mean age (years) Sex (female/male) % Uncomplicated/
complicated appendicitis

Total WBC,
mean (SD)

CRP level,
mean (SD)

Trejo-Avila et al. [11] AA= 32.6
CA= 33.6

AA: F = 41/M= 58
CA: F = 44.8/M = 55.2

Uncomplicated appendicitis AA= 15.06
CA= 15.3

AA = 3.17 (md/dL)
CA= 3.21

Rosen et al. [14] AA= 36.6a

CA= 32.4
AA: F = 40.5/M= 59.5
CA: F = 36/M = 64

Uncomplicated appendicitis AA=NR
CA=NR

AA =NR
CA=NR

Lefrancois et al. [15] AA= 32
CA= 35

AA: F = 47/M= 53
CA: F = 40/M = 60

Complicated appendicitis
AA= 0
CA= 9%

AA= < 15.0
CA= < 15.0

AA = < 30 (mg/L)
CA= < 30

Scott et al. [16] AA= <50 years = 80%
CA= < 50 years = 75%

AA: F = 49/M= 51
CA: F = 49/M = 51

Uncomplicated
Appendicitis

AA=NR
CA=NR

AA =NR
CA=NR

Gignoux et al. [17] AA= 27.8a

CA= 43.2
AA: F = 42.2/M= 57.8
CA: F = 46.1/M = 53.9

Complicated
AA= 10.1%a

CA= 25%

AA= 12.8
CA= 14.1

AA = 27.8a

(mg/L)
CA= 63.7

M male, F female, NR not reported in the study, AA ambulatory appendectomy (AmbLA group), CA conventional appendectomy (ConvLA group)
a Statistically significant (P < 0.05)
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intraoperative findings, age, medical comorbidity, and
homelessness.

Meta-analysis of the outcomes

Three studies were included in the meta-analysis of postoper-
ative length of stay [11, 14, 15]. The length of stay was sig-
nificantly lower in the ambulatory group (MD = − 15.63 h,
95% CI = − 21.78 to − 9.49, P = <0.00001) (see Fig. 2). The
pooled summary was associated with high heterogeneity as
indicated by the I2 value of 92% (P < 0.0001).

The five studies were included in the meta-analysis of over-
all morbidity rates [11, 14–17]. The results demonstrated a
pooled RR of overall morbidity of 0.79 (95% CI 0.65–0.97,
P = 0.02), favoring the ambulatory group. This pooled sum-
mary was associated with low heterogeneity as indicated by
the I2 value of 0% (P = 0.46) (see Fig. 3a).

Three studies were included in the meta-analysis of reop-
eration rates [11, 15, 17]. The RR of reoperation was 0.49
(95% CI = 0.12–1.95, P = 0.31). This pooled summary was
associated with low heterogeneity as indicated by the I2 value
of 0% (P = 0.69) (see Fig. 3b).

The five studies were included in the meta-analysis of re-
admission rates [11, 14–17]. The results demonstrated a
pooled RR of readmission of 0.72 (95% CI 0.59–0.88, P =
0.002), favoring the ambulatory group (see Fig. 3c). This
pooled summary was associated with low heterogeneity as
indicated by the I2 value of 0% (P = 0.93).

Risk of publication bias

Potential publication bias was assessed by visual inspection of
the funnel plots (Fig. 4), which suggested no obvious evidence
of publication bias. The results need to be interpreted with
caution as there are a limited number of studies included in
the analysis.

Discussion

This is the first meta-analysis that provides evidence that
in selected patients with acute uncomplicated appendici-
tis, ambulatory laparoscopic appendectomy pathways
may be safe and feasible as compared with conventional
laparoscopic appendectomy protocols. Although the cur-
rent available data suggests that AmbLA pathways may
be associated with lower rates of postoperative morbidity
and readmissions in comparison with ConvLA protocols,
further high-quality research is needed. Importantly, we
identified some elements that allow patients to recover
optimally from laparoscopic appendectomy. These ele-
ments are part of the following components: patient eli-
gibility criteria; preoperative, intraoperative, and postop-
erative care; and hospital discharge criteria. These ele-
ments, which combine interventions of the enhanced re-
covery after surgery protocol, should be delivered for
opt imal management of the pat ient undergoing

Table 3 Summary of outcomes

Study Mean operative
time (min)

Mean LOS
(h, days)

Failed discharge
rate (%)

Overall
Morbidity (%)

Readmission (%)

Trejo-Avila et al. [11] AA= 54.8
CA= 60.4

AA= 9.7 ha

CA= 23.2 h
AA= 10%
CA: −

AA= 4%
CA= 5.2%

AA= 4%
CA= 5.2%

Rosen et al. [14] AA= 1.2 (h)
CA= 1.4 (h)

AA= 9.3 ha

CA= 19.3 h
AA= 35%
CA: −

AA= 3.4%
CA= 2.2%

AA= 1.7%
CA= 1.7%

Lefrancois et al. [15] AA= 41a

CA= 49
AA= 8.5 ha

CA= 33.2 h
AA= 2.6%
CA: −

AA= 8%
CA= 9%

AA= 3%
CA= 6%

Scott et al. [16] AA=NR
CA=NR

AA= same-day
CA= 1 night

AA=NR
CA=NR

AA= 2.2%
CA= 2.7%

AA= 2.2%a

CA= 3.1%

Gignoux et al. [17] AA= 30.8a

CA= 37.7
AA= 8.5 h
CA=NR

AA= 6.8%
CA: −

AA= 11.9%a

CA= 25%
AA= 4.6%
CA= 9.2%

AA ambulatory appendectomy (AmbLA group), CA conventional appendectomy (ConvLA group)
a Statistically significant (P < 0.05)

Fig. 2 Meta-analysis forest plot concerning length of stayd>
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laparoscopic appendectomy with ambulatory care. All
these elements are described in the “Results” section.

Several observational studies, either prospective or retro-
spective, had debated the safety and feasibility of ambulatory,
outpatient, same-day discharge management of acute appen-
dicitis [22, 23, 24, 25, 26, 27].

In the only systematic review available on this topic, the
authors examined outcomes after same-day discharge. They
found that the mean hospital readmission rate was 2.01%
(range 0% to 5.1%) and the mean morbidity rate was 4.2%
(range 0% to 13%) [2]. They concluded that readmission and
morbidity were low after same-day appendectomy.
Nevertheless, they found a low level of evidence and the review
included only 77% of patients with laparoscopic appendecto-
my. They added to their discussion that even if the day-case
appendectomy seemed feasible and safe, the results should be
considered with some caution, mainly because of the low evi-
dence levels of the retrospective studies included [2]. Although
we did not find high-quality studies in recent literature, in the
last 5 years, more prospective studies had been published.
Unfortunately, we still lack data from high-quality studies in
order to recommend ambulatory appendectomy as the treat-
ment of choice in acute uncomplicated appendicitis.

As suggested by Rosen et al. [14], the success of an outpa-
tient appendectomy approach rests on patient education, clear

communication of expectations, and reliable follow-up.
Patient selection is another major factor in running a success-
ful ambulatory surgery unit with excellent patient outcomes
[5]. As a part of this review, we found that some protocols had
strict patient selection criteria before enrollment in ambulatory
surgery and some other protocols better defined the exclusion
criteria. Based on the results of this review, we believe that
AmbLA could be offered to low-risk patients (ASA I−II), with
uncomplicated acute appendicitis, and those who have Saint
Antoine score ≥ 4.

As mentioned in the “Results” section, some studies did
not show any special protocol for the management of patients
in the ambulatory group. In the majority of the studies, the
ambulatory protocol was focused in the postoperative man-
agement of the patients. A recent review aimed to assimilate
appropriate evidence to support pathway development for the
surgical process of acute appendectomy [10]. They divided
their analysis in preoperative, intraoperative, and postopera-
tive management. The preoperative protocol components
were education and counseling, the use of preoperative anti-
biotics, initial non-surgical management, venous thromboem-
bolism prophylaxis, and delay of operation 12 to 24 h for
uncomplicated appendicitis. The intraoperative components
were laparoscopic surgical technique, use of peritoneal drain,
urinary catheter, and nasogastric tube. Lastly, the

Fig. 3 Meta-analysis forest plots concerning: overall morbidity (a), reoperation (b), and readmission (c)
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postoperative management included use of same-day or fast-
track protocols, postoperative antibiotics, early oral alimenta-
tion, and early mobilization [10]. As acute appendicitis is a
common disease, it seems necessary to develop a standardized
protocol that includes all of the above elements and to define
common criteria for inclusion, exclusion, perioperative care,
discharge, and follow-up to better select patients who may
benefi t f rom outpat ient /ambulatory laparoscopic
appendectomy.

Current trends in surgery suggest that adopting enhanced
recovery pathways has reduced surgical and healthcare-
acquired infections, decreased length of stay, and reduced
postoperative costs [10, 28]. Enhanced recovery pathways
are multidisciplinary protocols comprising patient engage-
ment, optimal nutrition, multimodal analgesia, early mobility,
and evidence-based practices to avoid preventable harms [10].
ERAS pathways are mostly used in elective surgeries, with a
minimal number of publications adapting ERAS programs to
emergency surgery [25]. The application of ambulatory and
ERAS pathways to acute appendicitis is limited by the acute-
ness and unplanned nature of the disease.

Although the postoperative care with a recovery room
discharge criteria is probably the cornerstone of the man-
agement of patients in the setting of ambulatory surgery,
we believe that either a preoperative or an intraoperative
optimization of patients should also be integrated in the
pathway of patients treated by ambulatory laparoscopic
appendectomy. As integrated by two of the included stud-
ies in this review [11, 17], some recommendations of the
Enhanced Recovery After Surgery Society [29] could be
adapted to the treatment of patients with acute appendicitis.
As previously reported by Hamill et al. [30], employing an
optimized recovery pathway, that is to say an Enhanced
Recovery After Surgery protocol, could facilitate same-

day discharge and help reduce inconvenience, cost, and
pressure on hospital beds. They mentioned in their review
that no ERAS protocol was published for acute appendici-
tis at that time. We found two studies that employed an
ERAS protocol for laparoscopic appendectomy in our re-
view. In both studies, the length of hospital stay was less
than 12 h allowing the management of patients as
ambulatory.

Our study has a number of limitations that should be ad-
dressed. All included studies in this meta-analysis demonstrat-
ed high risk of bias. Only one RCTwas found but was graded
asmoderate evidence. There were no high-quality randomized
controlled trials, and the observational studies were not
matched cohorts. Due to the nature of observational studies,
this review is prone to information bias, and selection bias,
among others. Selection bias seems to be an important con-
cern, especially in large retrospective studies [16], since in-
cluded patients in the ambulatory surgery group might have
better condition or less morbidities than those included in the
conventional protocol. Also, the rates of readmission could be
inaccurate due to the retrospective design of the studies. Also,
the inclusion criteria, exclusion criteria, and preoperative and
intraoperative management for ambulatory surgery were not
fully uniform among the included studies. Another important
limitation is the lack of uniformity on the definition of ambu-
latory surgery. Nevertheless, all of the included studies had
less than 12 h of length of stay. It should be important to
standardize the current definition for ambulatory, outpatient,
or same-day appendectomy [31]. The best available data sug-
gests that ambulatory LA is associated with lower rates of
morbidity and readmission as compared with conventional
LA. However, this data should be further evaluated in better
designed and powered studies. Definitive conclusions and
recommendations regarding the real benefits of ambulatory

Fig. 4 The funnel plot of overall morbidity rates (a) and readmission rates (b) between ambulatory LA and conventional LA
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laparoscopic appendectomymay need to wait until more high-
quality studies on the topic are published.

Conclusions

In conclusion, there is a lack of well-designed, high-quality
comparative studies making conclusive recommendations not
possible at this time. However, the current best available data
suggests that in selected patients with acute uncomplicated
appendicitis, ambulatory laparoscopic appendectomy path-
ways may be safe and feasible as compared with conventional
laparoscopic appendectomy protocols.
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