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Abstract

Background Previous observational studies have demonstrated the safety of discharging patients after laparoscopic appen-
dectomy within the same day without hospitalization. The application of Enhanced Recovery After Surgery (ERAS) guide-
lines has resulted in shorter length of stay, fewer complications, and reduction in medical costs. The aim of this study was
to investigate if ERAS protocol implementation in patients with acute uncomplicated appendicitis decreases the length of
stay enough to allow for ambulatory laparoscopic appendectomy.

Methods In this prospective, randomized controlled clinical trial, 108 patients were randomized into two groups: laparo-
scopic appendectomy with ERAS (LA-E) or laparoscopic appendectomy with conventional care (LA-C). The primary end-
point was postoperative length of stay. The secondary end points were time to resume diet, postoperative pain, postoperative
complications, re-admission rate, and reoperation rate.

Results From January 2016 through May 2017, 50 patients in the LA-E group and 58 in the LA-C were analyzed. There
were no significant differences in preoperative data. Regarding the primary end point of the study, the ERAS protocol sig-
nificantly reduced the postoperative length of stay with a mean of 9.7 h (SD: 3.1) versus 23.2 h (SD: 6.8) in the conventional
group (p <0.001). The ERAS protocol allowed ambulatory management in 90% of the patients included in this group. There
was a significant reduction in time to resume diet (110 vs. 360 min, p <0.001) and less moderate—severe postoperative pain
(28 vs. 62.1%, p<0.001) in the LA-E versus LA-C group. The rate of complications, readmissions, and reoperations were
comparable in both groups (p=0.772).

Conclusions ERAS implementation was associated with a significantly shorter length of stay, allowing for the ambulatory
management of this group of patients. Ambulatory laparoscopic appendectomy is safe and feasible with similar rates of
morbidity and readmissions compared with conventional care.

Keywords Acute appendicitis - Enhanced recovery after surgery - Ambulatory surgery - Laparoscopic appendectomy

Acute appendicitis is a common gastrointestinal disease
affecting 5.7-57/per 100.000 individuals each year [1]. Lap-
aroscopic appendectomy (LA) with admission to the hospital
and next-day discharge is the standard of care treatment for
non-perforated acute appendicitis [2].
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The reported length of hospital stay for LA is 1.8-2.2 days
and for open appendectomy is 2.88 days [3—6]. Observa-
tional studies have demonstrated the safety of discharging
adults and children after LA within the same day without
hospitalization [2, 7-12].

The use of postoperative recovery management proto-
cols such as Enhanced Recovery After Surgery (ERAS)
and fast-track programs are spreading worldwide with good
outcomes in elective surgery. The implementation of ERAS
guidelines has resulted in a shorter length of stay (LOS),
fewer complications, fewer readmissions, and reduction in
total medical cost [13]. Perioperative care in the acute care
setting, for example, in patients with acute appendicitis still
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continues to use traditional principles. The implementa-
tion of ERAS protocols in an emergency setting remains
challenging [10, 13]. Although observational studies exist,
there are no randomized controlled trials to be found in the
literature that address ERAS protocol versus conventional
care for LA.

The aim of this study was to investigate if ERAS protocol
implementation in patients with acute uncomplicated appen-
dicitis decreases the postoperative LOS enough to allow for
ambulatory LA.

Materials and methods
Study design

We conducted a prospective, open-labeled, single-center,
randomized controlled trial. The study was performed at
Hospital General “Dr. Manuel Gea Gonzélez” in Mexico
City from January 1, 2016 to May 30, 2017. This study was
approved by the institutional research and ethical board of
our hospital. The study was conducted according to the
CONSORT statement. The study was registered at http://
www.researchregistry.com (researchregistry3050).

Eligibility criteria for participants

Patients were enrolled in the emergency department after
the diagnosis of acute appendicitis was made by a staff-sur-
geon. The diagnosis of appendicitis was based on clinical,
biochemical, and imaging criteria. Inclusion criteria were
patients of both sexes, aged between 18 and 70 years, with
an American Society of Anesthesiologist (ASA) grade of
I or II, and those who accepted and signed the informed
consent form. Exclusion criteria were pregnant women,
patients taking oral anticoagulants, patients with intraop-
erative findings of complicated acute appendicitis (gangre-
nous, perforated or with generalized peritonitis), patients
with other concomitant pathology (gynecologic, urologic or
other gastrointestinal disease) that required additional surgi-
cal procedures and patients who required open conversion.

Randomization

Consenting patients who fulfilled the inclusion criteria were
assigned to one of two groups: LA with ERAS protocol (LA-
E) or LA with conventional care (LA-C). All patients pro-
vided written informed consent before participation.

The randomization was performed by computer-gener-
ated numbers (EpiData Software version 2.0, Odense, Den-
mark) after the patients were assessed for eligibility. Treat-
ment allocation was not masked to patients, physicians, or
researchers at any timepoint.
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Laparoscopic appendectomy with ERAS protocol
Preoperative care

We adapted previously published ERAS and outpatient
protocols to patients with acute appendicitis [10, 13—15].
Patients and their caregivers were informed about the prin-
ciples of the ERAS protocol. Patients received preopera-
tive treatment with crystalloid isotonic solution (calculated
according their requirements), antibiotics (ceftriaxone 1 g
IV and metronidazole 500 mg IV), standard gastric prophy-
laxis (omeprazole 40 mg IV), and opioid-sparing analgesia
(e.g., ketorolac 30 mg IV with acetaminophen 1 g IV). All
patients received a thorough preoperative evaluation by the
anesthesiology group. We asked patients to micturate before
entering the operating room, thus avoiding the use of a blad-
der catheter.

Intraoperative care

All patients received balanced general anesthesia, and strict
control of fluid therapy, prevention of hypothermia, anal-
gesia, and hemodynamic changes were implemented to
reduce the metabolic stress response. We infiltrated all port
sites before incision with 0.5% bupivacaine. Anti-emesis
prophylaxis was achieved with dexamethasone (4 mg IV)
and ondansetron (8 mg I'V). No nasogastric tubes or drains
were inserted.

Postoperative care

After surgery, all patients were admitted to the recovery
room. Patients were monitored in this area, and recordings
of their vital signs and pain using the Visual Analogue Scale
(VAS) every hour were obtained. Pain scores with VAS
were classified as mild, moderate or severe (0-2, 3—7, and
8-10, respectively). Opioid-sparing multimodal analgesia
was administered (ketorolac 30 mg IV with acetaminophen
1 g IV); antiemetics were employed if patients experienced
nausea or vomiting (ondansetron 8 mg). Antibiotics were
suspended after surgery. Early ambulation was promoted,
and oral feeding with clear liquids was resumed when the
patients were fully awakened.

Discharge

Patients were discharged once they had fulfilled the follow-
ing criteria: ability to take oral feeding, full consciousness
recovered, able to ambulate alone, pain adequately con-
trolled with oral analgesics (VAS <2), hemodynamic sta-
bility, capable of micturation, and absence of nausea and
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vomiting. The decision to discharge was made by an attend-
ing surgeon; patients were discharged home from the recov-
ery room. Admission to the hospital was based on attending
surgeon discretion or failure of patients to fulfill the above
criteria.

Patients received the following instructions for home:
advance their diet at home, avoid heavy weight lifting, and
care for the wound daily. Patients were advised to return
to the hospital if they had any of the following symptom:s:
abdominal pain, distention, wound dehiscence, vomiting or
fever.

Laparoscopic appendectomy with conventional care
Preoperative care

Patients included in this group received standard care with
IV fluids (liberal protocol), antibiotics (ceftriaxone 1 g IV
q12 h and metronidazole 500 mg IV g8 h), opioid analge-
sics if needed (tramadol 50 mg IV), and a bladder cath-
eter. Antiemetics were administered preoperatively only if
patients presented nausea or vomiting.

Intraoperative care
No infiltration of the port sites was performed.
Postoperative care

After surgery, patients were admitted to the recovery room.
Vitals and pain were recorded. Pain was controlled with opi-
oid analgesia if it was severe (VAS =8-10). Patients started
oral feeding once bowel function was completely restored,
defined by the presence of normal peristalsis, passage of
flatus or depositions. Patients were admitted to the hospital
if more than 12 h in the recovery room was anticipated.

Discharge

Patients were discharged home once a full normal diet was
tolerated, ambulation was achieved, and pain was adequately
controlled with oral analgesics (VAS <2).

Surgical technique in both groups

LA was performed with the same standard surgical technique
in all patients. Pneumoperitoneum was created by a closed
technique using a Veress needle set at a 12 mmHg pres-
sure. A standard three-port technique was employed with
two 12-mm ports and one 5-mm port. The appendix and the
appendicular artery were ligated with a simple extracorpor-
eal sliding knot using a non-absorbable monofilament suture
(0 polypropylene). The appendix was retrieved within a bag.

The 12-mm port fascial defect was closed with absorbable
sutures; skin was approximated with simple sutures. All pro-
cedures were performed by a surgical resident with direct
supervision of an attending surgeon.

Follow-up

All patients were followed-up with clinical appointments on
postoperative days 7 and 30. Postoperative complications,
readmissions, and reoperations were recorded if they pre-
sented during the 30-day follow-up period.

End points

The primary end point of the study was postoperative LOS.
The secondary end points were time to resume diet, postop-
erative pain, total LOS, 30-day postoperative complications,
and readmission and reoperation rates.

Other variables registered and analyzed in the study were
age, sex, body mass index kg/m2 (BMI), ASA score, total
leukocyte count, C-reactive protein (mg/dL), and operative
time (min).

Sample size

A power calculation performed utilized LOS data from a
previous study [16], assuming that the mean total LOS of
a conventional LA is 49.3 h (SD: 59.4) and that the mean
LOS in ambulatory procedures should be less than 12 h [17].
To reduce the mean LOS by 75% from 49.3 h to 12 h, with
an o error=0.05 and 1 — f error =0.80, the ¢ test required a
sample size of 41 in each arm.

Statistical analysis

We summarized the data as the means [standard devia-
tion (SD)], medians [interquartile range (IQR)] or number
of patients (percentages). The y* test or Fisher’s exact test
was used for categorical variables, and Student’s ¢-test or
Mann—Whitney U two-sample tests were used for continu-
ous variables depending on the distribution. A two-sided
p value < 0.05 was considered significant. The data were
analyzed using SPSS version 18.0 for Windows (SPSS Inc.
Chicago, IL, USA).

Results
Patients
From January 2016 through May 2017, a total of 127

patients with acute appendicitis were assessed for eligibil-
ity. Figure 1 shows the study flow chart of patients and the
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[ Enrollment ]

Assessed for eligibility (n= 127)

Excluded (n=4)
+ Declined to participate (n=4)

Randomized (n= 123)

|

[ Allocation }

Allocated to intervention (n= 60)

+ Received allocated intervention (n= 50)

+ Did not receive allocated intervention
(n=10): perforated appendicitis diagnosed

Allocated to intervention (n= 63)

+ Received allocated intervention (n= 58)

+ Did not receive allocated intervention (n= 5):
perforated appendicitis diagnosed

[ Follow-Up l

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

Lost to follow-up (n= 0)

Discontinued intervention (n= 0)

[ Analysis ]

Analyzed (n= 50)

+ Excluded from analysis (n= 0)

Fig. 1 Participant CONSORT flow diagram for the study

CONSORT diagram. Four of these patients did not meet
the inclusion criteria because they declined to participate.
The remaining 123 patients were randomly enrolled, 60
were assigned to undergo LA with ERAS protocol and 63
to undergo LA with conventional care. During the surgical
procedure, 15 more patients were excluded because of the
diagnosis of a perforated appendicitis. Hence, there were 50
patients in the LA-E group and 58 patients in the LA-C for
analysis. There was no loss to follow-up during the study
period.

The baseline demographic data are shown in Table 1. The
baseline characteristics between the two treatment groups
did not differ significantly.

Primary end point
Regarding the primary end point of the study, the mean post-

operative LOS was 9.7 h (SD: 3.1) in the ERAS protocol
group, which was significantly shorter than in the control
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Analyzed (n=58)

+ Excluded from analysis (n= 0)

group receiving conventional care (mean of 23.2 h, SD: 6.8;
p <0.001). The results are summarized in Table 2.

It is important to mention that in the LA-E group, 5 (10%)
patients stayed longer than 12 h in the recovery room. These
5 patients were admitted to the hospital. ERAS implementa-
tion allowed ambulatory management in 90% of the patients
included in this group.

In the LA-C group, 2 (3.4%) patients stayed less than 12 h
in the recovery room and were discharged home without
needing admission to the hospital.

Secondary end points

Regarding the secondary end points, patients in the LA-E
group resumed liquid diet earlier than patients in the LA-C
group (110 vs. 360 min, p <0.001).

In terms of postoperative pain control, patients in the
LA-E group reported significantly less moderate-to-severe
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Table 1 Patient’s baseline Characteristic LAE (N=50) LAC (N=58) » Value (<0.05)
characteristics
Sex, no. (%) 0.768
Female 21 (42) 26 (44.8)
Male 29 (58) 32 (55.2)
Age, year, mean (SD) 32.6 (11.1) 33.6 (12.3) 0.665
Body mass index, mean (SD) 25.18 (2.8) 26.10 (3.8) 0.164
ASA score, no. (%) 0.119
1 34 (68) 47 (81)
II 16 (32) 11 (19)
Total leukocyte count X 10%/L, mean (SD) 15.06 (3.8) 15.3 (6.7) 0.790
C-reactive protein (mg/dL), mean (SD) 3.17 3.1) 321 4.2) 0.958

Table 2 Postoperative outcomes
for patients undergoing LAE
versus LAC for uncomplicated

acute appendicitis

LAE laparoscopic appendectomy with ERAS, LAC laparoscopic appendectomy with conventional care, SD
standard deviation, ASA American Society of Anesthesiologist

Variable LAE (N=50) LAC (N=58) p Value (<0.05)
Operative time (min), mean (SD) 54.8 (15.8) 60.4 (16.8) 0.078
Postoperative pain (VAS), no. (%) <0.001
Mild 36 (72) 22 (37.9)
Moderate-severe 14 (28) 36 (62.1)
Time to resume diet (min), median (IQR) 110 (87.5-240) 360 (172.5-720) <0.001
Postoperative LOS (h), mean (SD) 9.7 (3.1) 23.2 (6.8) <0.001
Total LOS (h), mean (SD) 16.2 (5.4) 28.8 (7.6) <0.001
30-d Complications, no. (%) 2(4) 3(5.2) 0.772
Deep abscess 1 2
Infected hematoma 1 1
Reoperation, no. (%) 24) 3(5.2) 0.772
Readmission, no. (%) 24) 3(5.2) 0.772

LAE laparoscopic appendectomy with ERAS, LAC laparoscopic appendectomy with conventional care, SD
standard deviation, /QR interquartile range, VSA Visual Analogue Scale for pain

pain (n=14) than patients in the control group (n=36;
p<0.001).

The total LOS was significantly shorter in the LA-E
group (16.2 h) than in the LA-C group (28.8 h; p <0.001).

There were no differences between the two groups in
terms of total complications, readmissions or reoperations.
Including readmissions and reoperations, the overall success
of ambulatory management (in LA-E group) was 86%.

No complications arose from the intervention (ERAS pro-
tocol implementation).

Discussion

Appendectomy is still considered to be the gold standard
for uncomplicated appendicitis, with LA being the preferred
approach. Benefits of LA in meta-analyses are as follows:
reduced incidence of SSI, shorter hospital stay, diagnostic
value, less pain, earlier return to work, earlier start of oral

intake, improved scar and body satisfaction, and fewer inci-
sional hernias [1, 18]. After LA, patients may rest 1-2 days
in the hospital and lose 1-3 weeks of work or school [1, 19].

Few evidence-based interventions that optimize recov-
ery after appendectomy have been published. Some of these
interventions include fast-track protocols, needlescopic sur-
gery, single-incision laparoscopic surgery, and transversus
abdominis plane block. The results are still inconclusive, and
randomized controlled trials are needed [19].

The ERAS concept, described in 1997 by Kehlet [20], is
a multimodal, evidence-based, multidisciplinary approach
to the care of the surgical patient [21]. The elements of the
ERAS protocol are based on the reduction of surgical stress
by reducing the neurohormonal response to the operation
and retaining anabolic homeostasis, consequently resulting
in less organ dysfunction and lower complication rates [22,
23].

ERAS programs are now widely accepted in laparo-
scopic colorectal surgery because of faster recovery and
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less perioperative complications [13, 21]. ERAS pathways
are mostly used in elective surgeries, with a minimal num-
ber of publications adapting ERAS programs to emergency
surgery [24-26]. Recent publications in the acute care set-
ting are searching for methods to reduce LOS and hospital
costs while maintaining a high quality of care and patient
satisfaction [3].

The ERAS Society published a series of guidelines with
procedure-specific recommendations [21, 27]. The major
challenge of this study was the adaptation of recommenda-
tions that are planned for elective surgery to patients who
need emergency surgery. For example, the ERAS guide-
lines recommended preoperative optimization (increase
exercise preoperatively and cease smoking and alcohol
use) and preoperative carbohydrate treatment, procedures
that are effective in elective surgery but very difficult to
implement in the acute care setting [13].

Pediatric surgeons have implemented and published
protocols aiming to reduce LOS and demonstrated that LA
may be safely performed as fast-track or same-day surgery
in select children without a perforated appendicitis [12].
In a prospective study of 158 children, Alkhoury et al.
[9] reported similar complication rates compared with the
control group, with a success rate of 80% and a satisfac-
tion rate of 87% regarding same-day discharge after LA.

Several observational studies debate the safety and
feasibility of fast-track protocols for adult patients with
appendicitis. In a retrospective study, Cross et al. [7] found
that there was no significant difference in complications or
readmission between patients discharged in less than 24 h
and those who stayed longer.

Cash et al. [10] reported prospective data that included
more than 100 patients and compared them with histori-
cal controls; they showed no difference in morbidity and
mortality.

Scott et al. [2] recently published a large retrospec-
tive study comparing same-day discharge (n=6710) and
hospitalized groups (n=15993), and they concluded that
adult patients with acute non-perforated appendicitis can
be discharged safely on the day of surgery without higher
rates of postoperative complication or readmission rates.

Finally, Frazee et al. [5] described a prospective pro-
tocol for outpatient LA, where patients were dismissed
from the post-anesthesia recovery room if they met cer-
tain predefined criteria. They reported no mortalities or
reoperations, 1.2% readmissions, 6.7% morbidity, and 85%
overall success with outpatient management. Furthermore,
the same authors recently published the application of this
protocol in seven institutions and described low morbidity
(5%) and low readmission rates (3%), concluding that the
application of this practice could reduce LOS and decrease
overall health care costs for acute appendicitis [28].
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The incidence of postoperative complications after
appendectomy ranges from 3.0 to 28.7% [1]. We did not
consider that the readmission and complication rates found
in our study could be attributed to the treatment protocol
because intra-abdominal abscesses and hematomas are well
described complications of LA.

Ambulatory surgery corresponds to a surgical procedure
performed in the safety of an operating room environment,
under a variable form of anesthesia, during a hospital stay
of less than 12 h [16, 17]. Laparoscopic surgery allows elec-
tive procedures to be performed on an outpatient or ambula-
tory basis [27]. The trend toward ambulatory laparoscopic
procedures includes cholecystectomy, gastric bypass, hernia
repair, and hysterectomy [10]. Various authors have sug-
gested that patients with appendicitis could be selectively
treated on an outpatient basis with no increase in morbidity
or mortality [10, 16]. Because LA is an emergency proce-
dure, one of the concerns with outpatient management is
patient acceptance and satisfaction [5]. As suggested in pre-
vious studies, we addressed this subject with the preopera-
tive counseling of patients and families, providing extensive
information about the disease, treatment and benefits of an
early discharge.

Lefrancois et al. [16] established a simple validated pre-
dictive score of early discharge that allowed them to select
patients who were eligible for ambulatory surgery with a
success rate of 97%. They named it the Saint-Antoine Score;
it includes BMI <28 kg/mz, total leukocyte count < 15,000,
C-reactive protein < 30 mg/L, no radiological signs of perfo-
ration and appendix diameter < 10 mm. Although we did not
calculate this score in our study, we found that our patients
had a mean BMI of 25.1 (+2.8), total leukocyte count of
15.06 (% 3.8), C-reactive protein of 3.17 (£ 3.1), and patients
with signs of perforation were excluded.

The primary outcome of this study was LOS following
LA performed within an ERAS protocol. We demonstrated a
reduction in LOS in 90% of the patients, enough to allow for
ambulatory management of these patients (discharge from
the recovery room in less than 12 h after surgery). Although
ambulatory LA is a common practice that has been adopted
gradually, randomized controlled trials are lacking to sup-
port this practice.

Even though this is a randomized controlled trial, a major
limitation of our study was the lack of masking and sub-
sequent risk of performance bias. This limitation has been
reported in multiple previous randomized trials comparing
ERAS protocol implementation versus conventional care
[24, 28, 29]. Another issue is that our sample size was cal-
culated with a LOS of 49.3 h (SD: 59.4) [16], and this LOS
may appear obsolete to many centers that perform outpa-
tient appendectomy. We chose this LOS because of the fact
that our control group was conventional or traditional care.
Other limitations of our study were that we did not evaluate
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the economic impact of decreasing the LOS or the over-
all patient satisfaction of being discharged home without
hospitalization.

Conclusions

ERAS implementation was associated with a significantly
shorter length of hospital stay compared with conventional
care, allowing for the ambulatory management of this group
of patients. Although not widely adopted, ambulatory LA
is safe and feasible in adult patients with non-complicated
appendicitis with similar rates of readmissions and morbid-
ity compared with conventional care.
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