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Abstract
Background The implementation of enhanced recovery after surgery (ERAS) pathway has resulted in shorter length of stay
(LOS), fewer complications, and lowering of medical costs. We aimed to investigate if ERAS protocol implementation in
patients with complicated appendicitis reduces the LOS after laparoscopic appendectomy.
Methods In this randomized controlled trial, 38 patients were randomly assigned to laparoscopic appendectomy with ERAS
protocol (LE) or with conventional care (LC). The primary outcome was the hospital LOS. The secondary outcomes included
time to resume diet, postoperative complications, readmissions, and reoperation rates.
Results From April 2019 to December 2019, 19 patients in the LE group and 19 in the LC were included. There were no
significant differences in preoperative data. Regarding the primary outcome of the study, the ERAS protocol did not significantly
reduce the postoperative LOS in comparison with conventional care (63.8 ± 62.10 h vs. 95.3 ± 135.78 h, p=0.366). There was a
significant reduction in time to resume diet (367.3 vs. 696.3 min, p=0.003). We did not find differences in terms of postoperative
complications, pain control, readmission, and reoperation rates.
Conclusions Laparoscopic appendectomy with ERAS protocol was not superior to laparoscopic appendectomy with conven-
tional care for the treatment of complicated appendicitis in terms of hospital LOS. However, postoperative morbidity, readmis-
sion, and reoperation rates were similar in both groups, making ERAS implementation a safe and feasible alternative to con-
ventional care.
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Introduction

Acute appendicitis is a common gastrointestinal disease
affecting 5.7–57/per 100,000 individuals each year, with
a cumulative life time incidence of 9% [1, 2]. With the
evolution of minimally invasive techniques, up to 67%
of cases of complicated appendicitis are performed
laparoscopically, as reported recently in the USA [2].
However, while mortality is rare in acute appendicitis,
complications and morbidity may arise after surgery and

contribute not only to a prolonged length of stay (LOS)
but also to an increased rate of readmissions and costs
[3].

Following of enhanced recovery after surgery (ERAS)
guidelines has resulted in a shorter LOS, fewer complications,
fewer readmissions, and reduction in total medical cost, most-
ly in elective surgeries [4, 5]. Perioperative care in the acute
care setting, for example, in patients with acute appendicitis
still continues to use conventional principles of care. The im-
plementation of ERAS protocols in an emergency setting re-
mains challenging, just as recently stated in some gastrointes-
tinal emergencies [4, 6, 7]. A recent meta-analysis suggested
that ERAS protocols are associated with good outcomes in the
acute care setting as demonstrated by reduced postoperative
morbidity, accelerated recovery of bowel function, and shorter
LOS without increasing need for readmission or reoperation
[5].
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Observational studies have demonstrated the safety of
discharging adults and children after laparoscopic appendec-
tomy (LA) within the same day without hospitalization, with
some studies applying some elements of ERAS or fast-track
pathways to LA [7–14]. Also, a recent randomized controlled
trial (that employed ERAS pathway) [7] and a meta-analysis
[14] supported same-day discharge after laparoscopic appen-
dectomy in patients with uncomplicated appendicitis.

For complicated acute appendicitis, the current evidence is
very scarce [15, 16]. In a retrospective study, a fast-track path-
way implementation for perforated appendicitis produced
shorter LOS and comparable postoperative morbidity and
readmissions [16]. However, there is no prospective random-
ized controlled trial evaluating ERAS in complicated acute
appendicitis that has been reported yet. The aim of this trial
was to investigate if ERAS protocol implementation in pa-
tients with complicated appendicitis decreases the LOS after
laparoscopic appendectomy, in comparison with conventional
care, without increasing postoperative morbidity.

Subjects and Methods

Study Design

We conducted a prospective, single-center, randomized, open-
label, superiority trial. The study was performed at the
Hospital General Dr. Manuel Gea González from April 1,
2019, to December 31, 2019. This study was approved by
the institutional research and ethical review board of our hos-
pital (Registration Number: 04-18-2019). The study was con-
ducted according to the CONSORT statement and in accor-
dance with the Declaration of Helsinki. The study was de-
signed to compare ERAS and conventional care for compli-
cated appendicitis.

Eligibility Criteria for Participants

Patients were assessed for eligibility in the surgical acute care
department. Inclusion criteria were patients of both sexes,
aged 18–70 years , with an American Society of
Anesthesiologist (ASA) grade of I or II, Charlson
Comorbidity Index [17] of less than 1, and those who accepted
and signed the informed consent form. Patients with signs of
localized and generalized peritonitis and suspected complicat-
ed appendicitis were eligible for inclusion. The diagnosis of
appendicitis was based on clinical, laboratory, and imaging
criteria. Radiological examination by ultrasound or CT scan
had to show free intraperitoneal air, free fluid, or an abscess or
phlegmon in right iliac fossa. Complicated appendicitis was
defined as macroscopic necrosis or perforation of the appen-
dix with local or generalized peritonitis, as found during diag-
nostic laparoscopy [18, 19]. Exclusion criteria were patients

taking oral anticoagulants, pregnancy, patients with findings
of uncomplicated acute appendicitis in diagnostic laparoscopy
(patients with non-gangrenous, non-perforated appendix, and
without generalized peritonitis), patients with other concomi-
tant pathology that required additional surgical procedures,
and patients who required conversion to laparotomy.

Randomization and Masking

Patients who fulfilled the inclusion criteria were randomly
assigned (1:1) to undergo either laparoscopic appendectomy
with ERAS protocol (LE) or laparoscopic appendectomy with
conventional care (LC). Randomization into LE and LC was
performed by computer-generated numbers using EpiData
software version 2.0 (Odense, Denmark). As the trial was
open label, treatment allocation was unmasked to patients,
surgeons, and researchers at any timepoint.

Intervention

The intervention consisted in implementing a modified ERAS
protocol to patients with complicated appendicitis who
underwent laparoscopic appendectomy. The protocol for
ERAS implementation in laparoscopic appendectomy was
previously described in patients with acute non-complicated
appendicitis by our group [7]. We adapted that protocol to
patients with complicated appendicitis (see Table 1).

Surgical Technique in Both Groups

After informed consent was obtained, diagnostic laparoscopy
was done to confirm the diagnosis of complicated appendici-
tis. Laparoscopic appendectomywas performed with the same
surgical technique in both groups. A three port technique was
employed with two 12-mm ports and one 5-mm port. The
appendix and the appendicular artery were ligated with non-
absorbable monofilament suture. Advanced energy device
was used at discretion of the surgeon. The appendix was al-
ways retrieved within a bag. Fluid and purulent collections or
abscesses were drained and aspirated, without peritoneal la-
vage. All procedures were performed by an attending surgeon
or by a surgical resident with direct supervision of an attend-
ing surgeon.

Outcomes

The primary outcome of the trial was the total LOS. The
secondary outcomes were time to resume diet, severity of
postoperative pain, postoperative LOS, 30-day postoperative
complications, 30-day readmission, and 30-day reoperation
rate.
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Data Collection

We registered demographic and preoperative data. Variables
analyzed in the study were age, sex, bodymass index in kg/m2

(BMI), ASA score, total leukocyte count, presenting to the
emergency department with intestinal obstruction/ileus, C-
reactive protein level (mg/dL), and operative time (min).
Data concerning primary and secondary endpoints were col-
lected. Hospital length of stay was reported in hours (h).

Follow-Up

All patients were followed-up with subsequent clinical ap-
pointments at 7 and 30 days after discharge to the hospital.
Postoperative complications, readmissions, and reoperations

were registered if they presented during the 30-day follow-up
period after discharge.

Statistical Analysis

We based the sample size calculation on the total LOS of
patients undergoing laparoscopic appendectomy for compli-
cated appendicitis. Data available from a previous study re-
ported a mean LOS for patients with complicated appendicitis
of 4.4 days (SD= 3.2 days) [20]. To reduce the mean LOS
from 4.4 days to 1.3 days, with an alpha error= 0.05 and 1-beta
error= 0.80, the independent t test required a sample size of 17
patients per group (LE and LC groups) for this study.

The data were reported as mean values with variability
expressed as standard deviation (SD), as well as total number

Table 1 ERAS protocol and conventional care protocol [5, 7]

Characteristic ERAS protocol Conventional care

Preoperative
care

Patients and their caregivers were informed about the protocol
Preop crystalloid isotonic solution (calculated according their

requirements)
Antibiotics (ceftriaxone 1 gr IV and metronidazole 500 mg IV)
Standard gastric prophylaxis (omeprazole 40 mg IV)
Multimodal opioid-sparing analgesia (e.g., ketorolac 30 mg IV with

acetaminophen 1 g IV)
Micturate before entering the operating room
Avoid bladder catheter

Standard care with IV fluids (liberal protocol)
Antibiotics (ceftriaxone 1 g IV q12 h and metronidazole 500 mg IV q8

h)
Opioid analgesics if needed (tramadol 50 mg IV)
Bladder catheter if needed. Antiemetics only if patients presented

nausea or vomiting

Intraoperative
care

Balanced general anesthesia
Strict control of fluid therapy
Prevention of hypothermia, analgesia, and hemodynamic changes was

implemented to reduce the metabolic stress response
Multimodal pain control
Infiltration of all port sites before incision with 0.5% bupivacaine
Anti-emesis prophylaxis was achieved with dexamethasone (4 mg IV)

and ondansetron (8 mg IV)
No nasogastric tubes or drains were inserted

No infiltration of the port sites was performed
Nasogastric tubes if needed (vomiting)
Drains at discretion of attending surgeon

Postoperative
care

Admitted to the recovery room
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)
Multimodal antiemetic regimen (ondansetron 4 mg PO, or

dexamethasone, metoclopramide)
Antibiotics were continued for 3 doses. Early mobilization was

promoted (within 2–3 h of surgery)
Oral feeding with clear liquids was resumed when the patients were

fully awakened

Admitted to the recovery room. Vitals and pain were recorded. Pain was
controlled with opioid 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

Discharge
criteria

Patients were discharged once they had fulfilled the following criteria:
Ability to take oral feeding without waiting to flatus or bowel

movement, full consciousness recovered, able to ambulate alone,
pain adequately controlled with oral analgesics (VAS < 2),
hemodynamic stability, capable of micturition, and absence of
nausea and vomiting. The decision to discharge was made by an
attending surgeon

Patients received the following instructions for home: avoid heavy
weight lifting and care for the wound daily

Prescriptions at home: acetaminophen 500 mgPOTID. Tramadol PRN.
Oral antibiotics as recommended by infectologists

Patients were discharged home once a full normal diet was tolerated,
ambulation was achieved, and pain was adequately controlled with
oral analgesics (VAS < 2). Prescriptions at home: acetaminophen
500 mg PO TID. Tramadol 50 mg PO TID. Oral antibiotics as
recommended by infectologists
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of patients (n) and percentages (%). The Pearson Chi-square
test or Fisher’s exact test was used for categorical variables,
and Student’s t test or Mann-Whitney U two-sample tests
were used for continuous variables depending on the distribu-
tion. A two-sided p value < 0.05 was considered statistically
significant. SPSS version 18.0 (SPSS Inc. Chicago, IL, USA)
was used to analyze the data.

Results

Patients

FromApril 2019 to December 2019, a total of 62 patients with
complicated appendicitis were assessed for eligibility. The
main reason for exclusion from the study was the presence
of non-complicated appendicitis during diagnostic laparosco-
py. A total of 38 patients were randomly assigned to undergo
laparoscopic appendectomy with ERAS protocol (n=19) or
with conventional care (n= 19). There was no loss to follow-
up during the study period. The study CONSORT flow chart
diagram of patients included in this trial is shown in Fig. 1.

The baseline demographic and preoperative characteristics
of patients included in this trial are shown in Table 2. The
baseline characteristics (sex, age, BMI, ASA score) between
the two treatment groups did not differ significantly. The total
leukocyte count, C-reactive protein value, and the presence of
ileus at admission were also similar in both groups.

Primary Outcome

Regarding the primary outcome of the trial, the mean total
LOS was 63.8 h (mean= 2.66 days; SD: 62.10 h) in the
ERAS protocol group, which was similar to the control group
receiving conventional care (mean of 95.4 h [mean= 3.97
days], SD: 135.78 h; p=0.366) (Table 3).

Secondary Outcomes

Regarding the secondary outcomes of the study, patients in the
ERAS group resumed diet faster than patients in the conven-
tional group (367.3 vs. 696.3 min, p= 0.004).

Patients in both groups experimented moderate-to-severe
pain at 12 h with the same frequency (LE 63.2 vs. LC 84.2%,
p=0.140). The postoperative LOS was also similar between
both groups (LE 54.6 versus LC 83.5 h, p=0.415).

There were no statistically significant differences between
the two groups on the rate of postoperative complications,
readmissions, or reoperations (Table 3). No complications
were directly attributed to the intervention (ERAS protocol
implementation).

Discussion

We found in this randomized controlled trial that in patients
with complicated appendicitis, a modified ERAS protocol im-
plementation was not associated with a decrease in the total
LOS in comparison with conventional care after laparoscopic
appendectomy. Nevertheless, resume of diet was faster in the
ERAS group, and postoperative morbidity, pain control, read-
mission, and reoperation rates were similar between both
groups, making ERAS implementation a safe and feasible
alternative to conventional care.

Surgical removal of the appendix is still considered to be
the standard treatment of acute appendicitis, being laparoscop-
ic surgery the preferred approach. The reported benefits of LA
in meta-analyses are reduced frequency of surgical site infec-
tions, shorter LOS, less postoperative pain, earlier return to
work, faster resume of diet, improved aesthetics and body
satisfaction, and fewer incisional hernias [1, 21]. LA also ap-
pears to have significant benefits in complicated appendicitis
with improved morbidity in comparison to open appendecto-
my [2]. Besides the advancement of minimally invasive sur-
gical techniques, not many evidence-based interventions that
aimed to improve recovery after appendectomy had been re-
ported. And as reported by Hamill et al. [22], the results are
still inconclusive, and high-quality trials are needed.

In the case of elective and recently emergency surgery,
further benefits have been described when laparoscopic sur-
gery is performed within an ERAS protocol. The ERAS con-
cept, conceptualized in 1997 by Kehlet, is a multimodal, evi-
dence-based, multidisciplinary approach to the care of the
surgical patient [23]. The elements of the ERAS protocol are
based on the diminution of surgical stress by lowering the
neurohormonal response to the surgery and retaining anabolic
homeostasis, resulting in less organ dysfunction and fewer
complication rates [24, 25]. A recently published meta-
analysis by Hajibandeh et al. [5] evaluated ERAS protocols
in emergency abdominal surgery. They included patients with
intestinal resection, segmental or total colectomy, operations
for perforated viscus, adhesiolysis, or laparotomy. They con-
cluded that ERAS protocols in emergency abdominal settings
are associated with favorable outcomes.

We previously reported the implementation of the ERAS
protocol to patients with uncomplicated acute appendicitis,
and we found that ERAS was associated with significantly
shorter LOS, less time to resume diet, less moderate-severe
postoperative pain, and all the previous benefits without in-
creasing the rate of complications, readmissions, or
reoperations [7]. In a study published by Gignoux et al. [26],
they compared outcomes of complicated and uncomplicated
appendectomies performed in ambulatory and conventional
settings, with ambulatory procedures performed within an
ERAS protocol. They found a shorter LOS and lower inci-
dence of complications in the ERAS group. However, we
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could not replicate these previous results in patients with com-
plicated appendicitis included in this randomized controlled
trial.

The most striking result in this trial was the similar LOS
between both groups, regardless of the shorter time to resume
diet in patients within the ERAS protocol. We should consider
that several meta-analysis have confirmed that the LOS is

already shorten and reduced with LA when compared with
open appendectomy [27–29]. Another relevant result was
the similar rates of postoperative moderate-to-severe pain be-
tween both groups despite the multimodal pain management
in the ERAS group, although our study was not powered to
detect differences in pain control. We believed that the similar
rates of LOS, postoperative complications, pain control,

Assessed for eligibility (n= 62)

Excluded  (n= 6) 
Declined to participate (n= 6)

Analyzed  (n= 19)

Excluded from analysis (n= 0)

Lost to follow-up (n= 0) 

Discontinued intervention (n= 1) 

Allocated to ERAS protocol  (n= 30) 
Received allocated intervention (n= 20)
Did not receive allocated intervention (n=10): 

uncomplicated appendicitis diagnosed

Lost to follow-up (n= 0) 

Discontinued intervention (n= 2)

Allocated to conventional care (n= 26) 
Received allocated intervention (n= 21)
Did not receive allocated intervention (n= 5): 

uncomplicated appendicitis diagnosed  

Analyzed  (n= 19)

Excluded from analysis (n= 0)

Allocation

Analysis

Follow-Up

Randomized (n= 56)

EnrollmentFig. 1 Participant CONSORT
flow diagram for the study

Table 2 Patients’ baseline
characteristics Characteristic All patients

(n=38)

LE

(n= 19)

LC

(n= 19)

P value

(<0.05)

Sex, no. (%)

Female

Male

14 (36.84)

24 (63.15)

6 (31.57)

13 (68.42)

8 (42.10)

11(57.89)

0.736

Age, yr. mean (SD) 39.4 + 14 36.5 + 12.72 42.4 + 14.93 0.202

Body mass index. Mean (SD) 26.9 + 3.45 27.4 + 4.12 26.4 + 2.63 0.383

ASA score, no. (%)

I

II

0

38 (100)

0

19 (100)

0

19 (100)

-

Total leukocyte count, ×109/L. Mean (SD) 14.8 + 5.39 16.7 + 5.28 12.9 + 4.97 0.292

C-reactive protein (mg/dL). Mean (SD) 21.1 + 8.11 19.9 + 8.19 22.0 + 8.15 0.650

Intestinal obstruction/ileus, no. (%) 3 (7.9) 2 (10.5) 1 (5.3) 0.547

LE laparoscopic appendectomy with ERAS, LC laparoscopic appendectomy with conventional care, SD standard
deviation, ASA American Society of Anesthesiologist
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reoperations, and readmissions found in this trial should be
attributed to the fact that both groups were operated with lap-
aroscopic surgery. Finding small differences (or exploring
different primary endpoints, like readmission rate, morbidity,
or pain control) among patients with ERAS protocol versus
conventional care, in the context of both groups undergoing
laparoscopic surgery, would need a very large sample size.

One potential advantage of implementing a modified
ERAS protocol to patients with complicated acute appendici-
tis is the fact that enhanced recovery programs are associated
with important cost savings when compared to conventional
perioperative management [30, 31]. Bernard et al. [31] found
that fast-track outpatient laparoscopic appendectomy saves
approximately $1000 USD per patient.

As we stated in our previous publication [7], and the same
issue was found by Hajibandeh et al. [5] in a meta-analysis,
some of the elements of the ERAS protocol (such as nutrition-
al support, carbohydrate loading, preoperative optimization,
cease smoking, and alcohol use) are very difficult, if not im-
possible, to implement in the acute care setting. However, the
majority of the components of ERAS protocol can be appli-
cable in the emergency setting, as demonstrated by this trial
and previous studies [5, 7]. In fact, the recently published
Jerusalem guidelines of the World Society of Emergency
Surgery recommended the adoption of outpatient laparoscopic
appendectomy, for uncomplicated appendicitis, with a well-
defined ERAS protocol [32].

Despite that this is a randomized controlled trial, a major
limitation of our study was the lack of masking, with the
subsequent risk of performance bias. This limitation has been
reported in several published trials comparing ERAS protocol

implementation vs. conventional care and also in our previous
publication about ERAS in uncomplicated appendicitis [7,
33–36]. A further limitation was the fact that we did not mea-
sure compliance to ERAS pathway; however, a checklist was
employed, and the researchers supervised the fulfillment of
the entire protocol. Despite these limitations, this is the first
trial of adult patients with complicated appendicitis that
underwent laparoscopic appendectomy within the ERAS pro-
tocol. Additional larger and maybe multi-centric trials includ-
ing more patients could be done, in order to corroborate or
refute our findings or add further evidence to improve the
management of this common surgical disease.

Conclusions

In this randomized controlled trial, laparoscopic appendecto-
my with ERAS protocol was not superior to laparoscopic
appendectomy with conventional care for the treatment of
complicated appendicitis in terms of hospital length of stay.
However, postoperative morbidity, readmission, and reopera-
tion rates were similar between both groups, making ERAS
implementation a safe and feasible alternative to conventional
care.
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