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INTRODUCTION
Acute appendicitis is the most common gas-
trointestinal condition requiring urgent 
surgical intervention in the pediatric pop-
ulation.1 Laparoscopic appendectomy 
(LA) has been shown to decrease mor-
bidity and length of hospitalization when 

compared with open procedures.2,3 As health-
care expenditures increase, the emphasis 

has been placed on decreasing costs while 
improving the quality and efficiency of 
clinical care.4–6 For appendectomy, min-
imizing the length of hospital stay has 
been a key quality metric. Providing LA 
with hospital discharge on the same day 

may be challenging as the data show an 
average postoperative length of stay of 1–2 

days.7 To improve patient health outcomes, 
and avoid costs associated with process failures 

and poor outcomes, surgeons have targeted quality im-
provement (QI) projects toward increasing the rate of 
same-day discharge. Previous reports have demonstrated 
the safety of a same-day discharge protocol for acute ap-
pendicitis in children, and high patient satisfaction with 
this protocol.8–10

From 2011 to 2012, we observed high rates of over-
night hospitalization (80%) for patients undergoing 
simple appendectomies. We excluded patients whose 
appendices were ruptured, gangrenous, or perforated, or 
if suppuration was noted, or if nonoperative (antibiotic) 
therapy was attempted before surgery. Among the cases 
with an overnight stay, we attributed approximately 40% 
of the hospitalizations to postoperative nausea and vom-
iting (PONV).
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In October 2014, we implemented a standardized pro-
tocol for simple laparoscopic appendectomies to facilitate 
same-day discharge. The protocol standardized periop-
erative care with interventions designed to minimize the 
risk of PONV. Evidence-based interventions included 
intravenous fluid loading, a multimodal medication 
approach to the prophylactic prevention of PONV, and 
an opioid-sparing anesthetic. We report the impact of this 
protocol on same-day discharge rates over a nearly 3-year 
period (2 years and 10 months) and evaluate the associa-
tion between protocol compliance and the need for over-
night admission. Our secondary aim was to describe the 
reasons for failure to achieve same-day discharge after 
protocol implementation.

METHODS
This study was considered QI work and not human sub-
jects research. Therefore, per policy, the project did not 
require review and approval by the Institutional Review 
Board at Nationwide Children’s Hospital (NCH). NCH 
is a free-standing quaternary-care pediatric hospital per-
forming more than 500 appendectomies each year. The 
standardized protocol for these procedures (Table 1) was 
developed by a multidisciplinary team, which included 
select surgery and anesthesiology faculty, and a manager 
of QI. After its implementation in November 2014, ap-
plication of the protocol and compliance was aided by 
introduction at specialty-specific staff meetings, protocol 
placards placed in pertinent operating rooms, and out-
come reports presented at departmental grand rounds. 
To further increase compliance, we undertook additional 
interventions. These interventions included the addition 
in January 2017 of a clinical decision support reminder in 
the electronic anesthesia record at the start of any LA and 
regular individual compliance reports delivered by auto-
mated email.

Furthermore, we generated emails sent to the anes-
thesia providers asking them to complete feedback sur-
veys, information on compliance or noncompliance of the 
protocol, and stating a description of reasons for non-
compliance (Table 3). The protocol underwent a revision 
in June 2016, when we replaced the use of neostigmine 
in the protocol with sugammadex to reflect a change in 
our department’s practice of reversal of neuromuscular 
blockade. In January 2017, we revised the protocol again 
to remove the desflurane requirement for anesthesia 
maintenance due to a lack of evidence-based support.

The project team monitored patients undergoing an LA 
at NCH between November 2014 and August 2017. The 
QI coordinator in the Department Of Surgery selected 
simple laparoscopic appendectomies for further review 
and tracked the intraoperative medication administra-
tion and postoperative hospital stay data monthly. We 
excluded patients with ruptured, gangrenous, perforated, 
and suppurated appendicitis. The primary outcome was 
same-day discharge following a simple LA, and the pri-
mary aim was to examine protocol compliance. We de-
fined compliance to the protocol as the intraoperative 
receipt of lidocaine, propofol, dexamethasone, ondan-
setron, dexmedetomidine, and acetaminophen, no intra-
operative receipt of morphine and receipt of intravenous 
fluids at any point before procedure end. We excluded 
patients entering the operating room after 5 pm due to 
the impracticality of discharging patients before midnight 
on the day of surgery.

Covariates included age, sex, and weight at the time of 
the procedure. In the descriptive analysis, we summarized 
categorical data as counts with percentages and contin-
uous data as medians with interquartile ranges (IQRs), 
according to same-day discharge. Data were compared 
according to protocol compliance using rank-sum tests 
for continuous measures and Chi-square tests for cate-
gorical measures. In multivariable analysis, we evaluated 

Table 1. Anesthesia Protocol for LA

Stage Protocol Component Compliance Definition

Preoperative
Midazolam 0.05–0.1 mg/kg (maximum 2 mg) as needed Not required
Intraoperative fluid bolus: 10 mL/kg Received day of surgery, any amount

Induction Lidocaine 1 mg/kg Received intraoperatively, any amount
Propofol 2–3 mg/kg Received intraoperatively, any amount
Fentanyl 2–3 µg/kg Received intraoperatively, any amount
NMBA—Succinylcholine, rocuronium, or vecuronium Not required, as may be contraindicated
Small doses of nondepolarizing NBMA as needed for intraoperative 

neuromuscular blockade
Not administered

Maintenance Fluid bolus: additional 10–20 mL/kg Received day of surgery, any amount
Local infiltration of all port sites by surgeon (or TAP block by 

anesthesiology)
Not received intraoperatively (any amount)

Dexamethasone 0.1 mg/kg (maximum 4 mg) Received intraoperatively, any amount
Ondansetron 0.15 mg/kg (maximum 8 mg) Received intraoperatively, any amount
Desflurane (titrated to BIS 40–60) Not administered
Dexmedetomidine 0.5–1 μg/kg over 5 min Received intraoperatively, any amount
Acetaminophen 15 mg/kg (maximum 1,000 mg) Received intraoperatively, any amount
Lidocaine 1 mg/kg every 1 hour Received intraoperatively, any amount

Emergence Reversal of neuromuscular blockade (slowly) Received intraoperatively
Hydromorphone 2–3 µg/kg increments as needed Did not receive morphine intraoperatively
Ketorolac 0.5 mg/kg IV (maximum dose 30 mg) Not required, as may not be indicated due to 

surgeon preference

BIS, bispectral index; TAP, transversus abdominis plane block; NMBA, neuromuscular blocking agent; IV, intravenous.
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the association between same-day discharge and compli-
ance with the protocol using logistic regression, adjusted 
for the covariates listed earlier. In the secondary analysis, 
we described the reasons for failure to achieve same-day 
discharge among patients hospitalized overnight. We clas-
sified reasons for overnight hospitalization as PONV; in-
adequate postoperative oral intake; uncontrolled pain; 
fever; cases with patients presenting with complex syn-
dromes and fibrinogen deficiency; and parental discom-
fort with early discharge and request for overnight stay 
at the hospital; and other surgical complications such as 
retroperitoneal bleed, wound contamination, suppurative 
appendicitis, gangrenous appendicitis, among others. The 
proportion of cases that failed to achieve same-day dis-
charge due to PONV was compared according to com-
pliance with the protocol using a test of proportions. We 
performed statistical analysis using Stata/IC 14.2 (College 
Station, TX: StataCorp, LP) with 2-tailed P < 0.05 consid-
ered statistically significant.

RESULTS
We identified 691 patients (255 female) who underwent a 
simple LA at NCH between November 2014 and August 
2017. The patient population had a median age of 11 
years (IQR: 9, 14). Among these patients, 514 (74%) 
were discharged on the same day, and 387 (56%) were 
deemed compliant to the protocol. The median length of 
stay and postoperative length of stay were both 2 days 
(IQR: 1, 2). Trends of overnight stay and compliance 

with protocol during the evaluation period are shown 
in Figure 1. Although the rates of compliance fluctuated 
over time, the general trend was toward increasing com-
pliance. The percentage of same-day discharge increased 
over the 4-year study period from 65% in 2014 and 72% 
in 2015 to 76% in 2016 and 2017. For the majority of 
months, the percentage of same-day discharge was greater 
than 60%, with rates peaking at nearly 94%.

The most common reasons for noncompliance to the 
protocol are shown in Figure 2. Among the 304 noncom-
pliant cases, the most common reasons for noncompli-
ance were that patients did not receive dexmedetomidine 
(67%), did not receive acetaminophen (50%), or received 
morphine (18%). We compare patient characteristics and 
outcomes according to protocol compliance in Table 2. 
The rate of same-day discharge was higher for compliant 
cases (79%) than noncompliant cases (69%, P = 0.003), 
and patient characteristics did not differ according to case 
compliance. Multivariable analysis associated compliance 
with an increased likelihood of same-day discharge (OR 
= 1.7, 95% CI: 1.2, 2.4, P = 0.002). Patient characteris-
tics were not associated with the likelihood of same-day 
discharge.

Among the 177 cases that resulted in overnight hospi-
talization, 83 (47%) had a known reason for hospitaliza-
tion. Among these cases, 27 (33%) reported uncontrolled 
pain, 22 (27%) reported PONV, 17 (20%) reported pa-
rental discomfort, 4 (5%) reported inadequate postoper-
ative oral intake, 2 (2%) reported fever, 3 (4%) reported 
patients presenting with complex syndromes; and 13 

Fig. 1. Graph showing the rate of protocol compliance and same-day discharge for each month during the study period, among 
simple laparoscopic appendectomies performed. All plots show a rate with control limits (solid and dashed lines). A, Protocol com-
pliance. B, The percentage of same-day discharge. Peaks in compliance, such as in November 2015 and January 2017, occurred 
after interventions to enhance compliance to the protocol, such as displaying the protocol in the operating room, flagging the protocol 
as a best practice alert on the electronic medical record system, and regularly sending baseline data to the pediatric anesthesiology 
faculty.
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(16%) reported other surgical complications. None of the 
patients who were discharged home the same day or sur-
gery required readmission to the hospital for issues re-
lated to perioperative care. The 30-day readmission rate 
was approximately 1% before the implementation of the 
protocol. The readmission rate subsequently has remained 
unchanged, demonstrating no increase in returns to the 
system with the protocol.

DISCUSSION
Appendicitis is the most common intra-abdominal 
pathological process in the pediatric population.1 Two 
approaches can be employed to remove the appendix: 
open appendectomy and LA.11 In 1992, Ure et al described 
a prospective study of 43 patients and concluded that 
the laparoscopic approach was a safe procedure in chil-
dren.12 Reported advantages of LA have included better 
exposure of the abdominal cavity, shorter hospitaliza-
tion, and earlier return to normal activities.13 Despite its 
advantages, LA has posed a challenge to outpatient man-
agement, with an average postoperative length of stay of 
1–2 days.7 However, some studies in pediatric patients 
with acute appendicitis undergoing appendectomy have 
demonstrated that same-day discharge is not associated 

with an increase in 30-day hospital readmission rates or 
wound complications when compared with discharge 1 
or 2 days after surgery.14

Enhanced recovery after surgery (ERAS) protocols are 
multimodal perioperative care pathways designed to de-
crease complications and achieve early recovery of func-
tion after surgical procedures. We obtain this result by 
maintaining preoperative organ function and reducing 
trauma and the stress response following surgery. The key 
elements of ERAS protocols include preadmission coun-
seling and education, optimization of nutrition, standard-
ized analgesic, and anesthetic regimens, and early mobi-
lization. These efforts may improve the recovery process, 
decrease adverse effects related to anesthetic care, im-
prove analgesia, and decrease hospital length of stay.15,16 
Implementation of ERAS protocols has been shown to 
lead to a reduction in complications and hospital stay, 
improvements in cardiopulmonary function, and earlier 
resumption of normal activities.17

Recent studies have shown promising results for per-
forming nonperforated laparoscopic appendectomies as 
a “fast-track” or short stay procedure, with a postoper-
ative stay of fewer than 24 hours and the potential for 
same-day discharge.18 Alkhoury et al demonstrated that 
LA performed on the same day with a mean postoper-
ative stay of 4.5 hours improved patient outcomes and 
satisfaction without an increase in complication rate or 
the number of return visits to the emergency department. 
In general, outpatient surgery may limit the need for hos-
pital resources, decrease cost, and decrease the risk of 
nosocomial infections, along with the benefit of greater 
parent satisfaction as a result of early discharge. However, 
this practice requires a significant change in attitude 
across multiple layers of hospital organization, including 
the surgical team, anesthesia providers, pediatricians, and 
the inpatient nursing staff, to assist in the expeditious dis-
charge of these patients.9,10

Fig. 2. Bar graph showing the most common reasons for noncompliance with the same-day discharge LA protocol with N = 304. 
The noncompliance was all related to the omission of a medication or the use of morphine instead of hydromorphone or fentanyl.

Table 2. Patient Characteristics and Outcomes, According 
to Compliance to Protocol (N = 691)

Characteristics

Compliant  
(N = 387)
N (%) or  

Median (IQR)

Noncompliant  
(N = 304)
N (%) or  

Median (IQR) P

Same-day discharge 305 (79%) 209 (69%) 0.003
Female 150 (39%) 105 (35%) 0.254
Age 11 (9, 14) 11 (9, 14) 0.924
Weight (kg) 47 (33, 64) 46 (33, 61) 0.517
Height (cm) 152 (137, 164) 152 (138, 165) 0.512
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PONV continues to be one of the leading postopera-
tive complaints from patients. It may not only delay hos-
pital discharge but is the leading cause of readmission to 
the hospital.19 In our institution, we observed high rates 
of an overnight stay (80%) among simple appendecto-
mies performed in 2011–2012. Of these, we attribute ap-
proximately 40% to PONV. The major risk factors for 
PONV in adults include female sex, nonsmoker status, 
history of PONV or motion sickness, intraoperative use 
of volatile anesthetic agents or nitrous oxide, and the ad-
ministration of opioids.18 Established strategies that have 
demonstrated a reduction in PONV are prophylactic use 
of antiemetic medications such as ondansetron and dex-
amethasone; avoidance of general anesthesia by the use 
of regional anesthesia; avoidance of nitrous oxide; use of 
propofol; minimization of perioperative opioids; and ad-
equate perioperative hydration.20–25 Our multimodal pro-
tocol consisted of preoperative anxiolytics (midazolam) 
as needed, prophylactic antiemetics (ondansetron and 
dexamethasone), induction with propofol, fluid loading 
preoperatively and intraoperatively, local anesthetic in-
filtration at port sites for analgesia, limitation of opioid 
administration, dexmedetomidine and ketorolac, and the 
avoidance of nitrous oxide.

In the liberal administration of intravenous fluids, the 
protocol notably diverged from typical ERAS protocols 
implemented for elective colorectal surgery. Conservative 
intravenous fluid management has been a hallmark of 
colorectal ERAS protocols to decrease bowel edema and 
encourage the early return of bowel function.26 Unlike 
elective colorectal surgery, the preoperative course for a 
surgical appendectomy is often marked by nausea, vom-
iting, and prolonged fasting. These patients may arrive 
for surgery significantly hypovolemic and in need of in-
travenous volume restoration. Restoring these patients to 
euvolemia may improve hemodynamic stability and lead 
to decreased rates of PONV.27

Another unique aspect of the protocol is the use of in-
travenous lidocaine. Intravenous lidocaine infusions are 
an established treatment of acute pain in adults. Benefits 
of intraoperative lidocaine include decreased postoper-
ative pain, earlier return of bowel function, and reduc-
tion in PONV.28 Recently, several reports demonstrated 
the safety and efficacy of this analgesic modality in chil-
dren.29,30 In our protocol, given the limited duration of 
surgery and to conserve resources, we administered lido-
caine in a 1-mg/kg bolus every hour, rather than a con-
tinuous infusion. The total dose given per protocol was 
consistent with total doses previously described during 
continuous infusions in children.

Implementation of the protocol resulted in a signifi-
cant increase in the rate of same-day discharge from the 
hospital from 69% to 79% (P = 0.003) among patients 
who were compliant with all elements of the protocol 
and undergoing an LA. We ascribed the most common 
reason for noncompliance to nonusage of dexmedetomi-
dine, due to concerns of excessive drowsiness in patients. 

To address these concerns, we reduced the dose of dex-
medetomidine from 1 to 0.5 μ/kg. However, this action 
did not enhance compliance. Other less common reasons 
for noncompliance to the protocol included nonusage 
of acetaminophen, lidocaine, fentanyl, dexamethasone, 
and ondansetron or the administration of morphine 
intraoperatively.

Some of the interventions we employed to enhance 
compliance with our protocol are listed in Table 3. Peaks 
in compliance, such as those shown in November 2015 
and January 2017 in Figure 1, occurred after such inter-
ventions. We revised the protocol in June 2016, when 
the use of neostigmine in the protocol was replaced with 
sugammadex to reflect a change in our department’s prac-
tice of neuromuscular blockade reversal.31

CONLCUSIONS
Our analysis supports previously reported studies that LA 
can be performed as a same-day surgery case or short-
stay procedure with numerous potential patient, family, 
and hospital benefits.9,10 Developing a protocol (Table 1) 
directed toward reducing PONV, one of the leading causes 
of overnight stay after LA, could result in enhanced rates 
of same-day discharge. Our data support previous stud-
ies that demonstrate that these protocols can be initiated 
without an increase in perioperative adverse events or re-
turn visits to the emergency room. Although earlier hos-
pital discharge can be expected to result in cost savings, 
the true economic evaluation of such processes must also 
consider whether the changes in the perioperative care 
increases cost. For intraoperative care, many of these 
costs would increase medications such as dexmedetomi-
dine and intravenous acetaminophen, which would be ex-
pected to facilitate same-day discharge, although increase 
medication costs.
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Table 3. Interventions Implemented to Enhance Protocol 
Compliance

1.Introduction at faculty-specific staff meetings
2.Placement of protocol placards in pertinent operating rooms
3.Presentation of outcome reports at departmental grand rounds
4.Flagging the protocol as best practice alert on electronic medical 

record system for laparoscopic appendectomies
5.Generation of automated emails to anesthesia providers requiring 

completion of feedback surveys—with information on compliance/
noncompliance, with reasons for noncompliance.
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