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Preface

Appendicitis is among the most common surgical diseases, and has been a recog-
nized condition for over a century, Despite providing care to a high volume of 
patients, numerous areas of controversy exist in the management of pediatric appen-
dicitis. Debate exists on every topic from the appropriate nomenclature to the opti-
mal choice of antibiotics. And the decision as to the best surgical approach or 
whether surgery is even indicated is an area of active research. In this publication, 
an expert group of physicians and surgeons have come together to provide up-to- 
date discussions of the key areas of controversy in this field. We believe that this is 
an excellent addition to the literature providing a crucial reference for all providers 
and surgeons that care for children with appendicitis.

Chicago, IL, USA Catherine J. Hunter 
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1History and Epidemiology of Pediatric 
Appendicitis

Guillermo Ares and Catherine J. Hunter

 Introduction

Appendicitis is one of the most common surgical conditions treated in children of all 
ages. While the appendix was identified and grossly described centuries ago, dis-
eases of the appendix were only recognized a little over 100 years ago. Historic terms 
such as “perityphlitis” were phased out as we began to understand the pathophysiol-
ogy and histopathologic changes of acute appendicitis. However, as new definitions 
emerged, so did new questions. The management of appendicitis in children has been 
hotly debated since the first surgical therapy was described. Currently, novel opera-
tive technology, improved antibiotics, and advanced diagnostic instruments have 
made their way into the treatment algorithms, shedding insight while also inviting 
along with them more controversies in the management of pediatric appendicitis.

 The Dark Ages (Pre-Fitz Era)

The appendix was described as early as 1492 by Leonardo da Vinci, though his 
drawings were not published until several centuries later. Therefore, the Italian anat-
omist Berengario da Carpi is credited with the first description of the appendix in 
1521 as an “empty small cavity at the end of the cecum” [1]. His words were vali-
dated by Andreas Vesalius in his illustrations of the colon published in 1543 in De 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-15006-8_1&domain=pdf
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Humani Corporis Fabrica. Shortly thereafter, with a graphic representation avail-
able and textual description of the appendix, Gabriel Fallopius compared the appen-
dix to a worm, coining the term “the vermiform appendix” [2]. In the ensuing 
century, sparse reports of inflammation around the area of the appendix appeared, 
moving the conversations about the appendix from descriptive anatomy to abnormal 
findings. In 1711, Heister, an alumnus of Boerhaave, described autopsy findings 
corresponding to a perforated appendix in the right lower quadrant [2]. Several 
other authors contributed their postmortem findings in the 1700s such as a black-
ened appendix, a narrow appendix with abscess, and an obstructed appendix with 
hardened stool in it. Mestivier described an appendix perforated by a pin and sur-
rounded by “a pint of pus” at the right of the umbilicus [3].

In 1812, John Parkinson presented the case of a 5-year-old with a fecalith leading 
to perforated appendix with a normal cecum, and in 1813, the first description of 
pediatric acute appendicitis was presented [4]. Wegeler detailed the clinical presen-
tation and hospital course prior to the demise of an 18-year-old patient with 3 days 
of abdominal pain, diarrhea, and emesis. Wegeler found a gangrenous cecum with 
an appendix that was “red, enlarged, and filled with stones” [2]. These two cases 
marked an important transition where the focus started shifting from postmortem 
analysis to clinical observations in vivo of the diseases of the appendix. Given this 
and several other reports of fecal peritonitis, Francois Melier suggested the appen-
dix as the source of the problem and appendectomy as a possible treatment [5]. 
However, his suggestions fell on deaf ears because the influential Guillaume 
Dupuytren strongly believed that the inflammatory process began in the cecum and 
not the appendix. Thanks to Dupuytren, the term perityphlitis continued to be the 
diagnosis given until the late 1880s [6].

During this time period of discovery, the first appendectomy was performed, 
though acute appendicitis was not the indication for surgery. In 1735, Claudius 
Amyand performed the first appendectomy in London. His patient was an 11-year- 
old boy who was admitted for the repair of a congenital inguinal hernia that had 
progressed to the point of suppurating a discharge of “an unkindly sort of matter” 
for 1 month [7]. Amyand found an indirect inguinal hernia containing the appendix, 
which had been perforated by a pin that the boy swallowed. He describes that “many 
unsuspected oddities” were found, as his assistants held the boy down during this 
procedure in the preanesthetic era. Challenging as it was, Amyand’s patient sur-
vived the first surgery of the appendix.

 Renaming and Reframing

While the anatomy of the appendix was recognized early, it had no impact on clini-
cal practice until the 1880s. The modern history of acute appendicitis began in 1886 
when Reginald Fitz, pathologist at Harvard, read his paper “Perforating Inflammation 
of the Vermiform Appendix: With Special Reference to Its Early Diagnosis and 
Treatment” [8]. This landmark article detailed the presentations of 257 cases of 
appendicitis, emphasizing that the inflammation in the right lower quadrant, com-
monly misdiagnosed as perityphlitis, in fact originated from the appendix. In the 

G. Ares and C. J. Hunter
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same year, Robert Hall performed the first appendectomy for perforated appendici-
tis in the United States. Three years later, Charles McBurney entered the fray in 
1889 and demanded that the “so-called pericecal inflammation” be referred to as 
appendicitis, functionally removing the term perityphlitis from the medical jargon 
[9]. McBurney described in detail the constellation of symptoms that we now asso-
ciate with “classic” appendicitis. He is perhaps better known for his famous depic-
tion of McBurney’s point [9]:

And I believe that in every case the seat of greatest pain, determined by the pressure of one 
finger, has been very exactly between an inch and a half and two inches from the anterior 
spinous process of the ilium on a straight line drawn from that process to the umbilicus.

Surgical removal of the appendix became increasingly popular, as surgeons pub-
lished overwhelmingly positive results with this procedure. McBurney wrote a very 
detailed case series of 11 patients including their varying clinical presentation and 
intraoperative findings. He emphasized that the clinical presentation may not match 
the severity of the disease, and therefore, he firmly recommended immediate opera-
tion for all cases. Others, such as Ochsner in 1902, were not as enthusiastic about 
operating in perforated appendicitis [10]. Ochsner proposed non-operative treat-
ment for peritonitis, with enemas, gastric lavage, and bowel rest, followed by inter-
val appendectomy. This heated debate continued for the better part of the century 
and, one could argue, still permeates our discussions today. In 1904, John McMurphy 
added his opinion by reporting his experience with 2000 appendectomies, publish-
ing the largest case series to date and advocating for immediate appendectomy in 
support of McBurney’s stance, given his low mortality rates [11]. But perhaps the 
most instrumental event in promoting the surgical treatment of appendicitis was the 
experience of Sir Frederick Treves. He was summoned by King Edward in 1902 to 
evaluate him for right lower quadrant pain merely 2 weeks prior to the coronation 
[12]. The king refused surgical intervention prior to the coronation, which led to a 
moribund king undergoing abscess drainage weeks later. In the end, he attended the 
coronation, knowledge of acute appendicitis was publicly disseminated, and appen-
dectomy became the widely accepted treatment.

As a result, the ambition of the era quickly became perfecting surgical technique 
and mastering the art of surgery. A wide array of surgical approaches were used 
including transverse laparotomy; midline, paramedian, lateral rectus incisions; 
oblique incision over the external oblique; and muscle splitting versus cutting inci-
sions [13]. McBurney reported using a right lower quadrant muscle splitting inci-
sion. This approach was first used by McArthur, who was unable to present his 
findings before McBurney. While McBurney admitted this incision was McArthur’s, 
it was his eponymous name that prevailed. Besides the surgical approach, variations 
on the technique for the removal of the appendix ranged from simple ligation to 
purse string on the cecum, crushing at the base with serosal oversewing, or imbrica-
tion into the cecum, to name a few [14]. With the vanishing of perityphlitis as a 
diagnosis, surgeons also encouraged physicians to turn away from dated remedies 
such as cathartics, which only delayed definitive care. Therefore, the history of 
appendicitis progressed from naming an unnamed disease to improving treatment 
and minimizing harm.

1 History and Epidemiology of Pediatric Appendicitis
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A few of the trialed techniques prevailed, while many others faded over time, yet 
the patient outcomes overall continued to improve. During the following decades, the 
number of patients diagnosed with acute appendicitis increased exponentially. 
Initially, as surgical technique was mastered, mortality rates decreased in patients 
undergoing appendectomy. By the 1930s, overall mortality was as low as 2.1% with 
lower rates in the uncomplicated cases (0.2–1.0%) and higher in the perforated appen-
dicitis patients (1.6–32%). In McMurphy’s personal series, his reported mortality rate 
decreased from 7% to 2% [11]. However, the total number of deaths per capita from 
appendicitis remained high, and paradoxically, mortality rates began to rise again to 
an alarming 10% by 1940. Indignant surgeons attributed such complication rates not 
to delayed patient presentations, but rather to delayed interventions by surgeons. 
Morse calls this “procrastination the cause of death – the almost criminal cause” [15]. 
In the midst of differing opinions on the timing of intervention, pediatric appendicitis 
began to stand apart from the adult disease. The mortality of appendicitis had risen to 
20,000 per year in the United States by 1936 and, in children, had become the 3rd 
cause of death, only surpassed by trauma and pneumonia in the pre-antibiotic era. 
Nonetheless, Ladd reported the impeccable mortality record of his own institution 
with only 2 mortalities in 361 cases [16]. He credited their excellent outcomes to early 
diagnosis and immediate surgical management. Even Ochsner, from the beginning, 
had acknowledged children as the one exception to his conservative therapy. The non-
operative management of appendicitis in children was not an accepted approach, a 
claim used to validate the age-old adage that children are not small-sized adults.

 From Then and to Now

The latter half of the twentieth century was characterized by remarkable advances 
in the adjunctive modalities for managing acute appendicitis. While the earlier half 
of the century revolved around perfecting surgical technique, the late 1900s devel-
oped improved management algorithms, diagnostic imaging, and advanced surgical 
instruments. The most notable medical advance of the century was the advent of 
penicillin in 1928. It wasn’t until 1940 when penicillins and sulfonamides were 
introduced for the treatment of appendicitis with perforation, leading to a dramatic 
decrease in mortality from 5% to 1.2% [17, 18]. The choice, role, and duration of 
antibiotic therapy have been variable since then and continue to be an actively stud-
ied subject in present-day medicine.

As common themes were recognized, pediatric surgeons began to advocate for 
protocols and streamlined management of patients presenting with symptoms of 
appendicitis, in order to intervene prior to the development of peritonitis or perfora-
tion. Ravitch stated our goals clearly: “What we seek is a series of criteria that will 
represent the minimal requirements for operation [to] be safeguarded from ever 
missing a case [… and] will not be accumulating a large specimen collection of nor-
mal appendices” [19]. To this end, Robert Gross published a detailed, almost pre-
scriptive report of preoperative preparations for appendectomy, including multiple 
principles to which we still adhere today. He even included his opinion of how long 
of a delay to surgical therapy was acceptable in children (less than 12 hours) [20].

G. Ares and C. J. Hunter
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The 1980s marked another leap in technological advances. The surgical approach 
to appendectomy had been fairly uniform until 1982, when the gynecologist Kurt 
Semm introduced laparoscopy as a novel approach [21]. Laparoscopy became 
quickly accepted in the surgical community, though the techniques used vary greatly 
between surgeons and institutions. In 1986, ultrasonography became the first nonin-
vasive method for establishing a diagnosis of appendicitis with high accuracy [22]. 
Computerized tomography did not lag far behind, as the field of radiology was 
expanding. Most recently, magnetic resonance imaging has emerged as a cross- 
sectional imaging modality without the drawback of ionizing radiation, and this will 
be discussed further in later chapter in this book. However, the availability of these 
technologies and the expertise to operate them are not uniformly available, and, 
therefore, the optimal imaging strategy is still debated among providers.

Despite the questions that remain unanswered, the outcomes have trended toward 
improvement since 1886. The annual incidence of pediatric appendicitis is 83 patients 
per 100,000. The incidence of appendicitis in North America has been rising by 4% 
per year. The non-perforated appendicitis cases are increasing faster than the perfo-
rated ones, which is presumably due to the use of improved imaging modalities and 
earlier diagnosis [19, 23]. In fact, perforation rates have significantly decreased over 
time from 50% in 1980 to 20% in 2000 [24]. In the United States, there are 270,000 
annual cases of acute appendicitis with the teenagers having the highest incidence 
[25]. Males have a slightly higher lifetime risk than females (8.6% vs 6.7%) [26]. 
The mortality in appendectomies has been steadily decreasing from 22% in 1899 
down to 0.8% in 1950 and 0.27% by the 1980s [27, 28]. In 2010, there were only 17 
deaths per year, according to the census [29]. The mortality is much lower in early 
appendicitis cases compared to perforated appendicitis with diffuse peritonitis.

 Conclusion

The optimal management of appendicitis is not always straightforward and has been 
controversial since its recognition. We have come a long way from the dismissive atti-
tude toward perityphlitis to single-port, laparoscopic appendectomy plus every diagnos-
tic step along the way. Some of our current discrepancies in opinions are rooted in the 
struggles shared by our predecessors as well. And while our awareness of appendicitis 
in children is relatively young, surgeons have significantly altered the natural course of 
the disease. Patient outcomes have become significantly better over time, but there 
remains room for improvement. This drive to optimize the outcomes for our patients 
inspires us to address controversies in the field and challenge existing dogma. The fol-
lowing chapters will attempt to address the leading areas of controversy in this field.
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2Defining the Disease: Uncomplicated 
Versus Complicated Appendicitis

Christie Buonpane and Seth Goldstein

Case Example
An 11-year-old girl is undergoing a laparoscopic appendectomy. Intraoperatively 
the surgeon notes a fibrinous exudate on the appendix and murky fluid in the pelvis 
but not frank hole in the appendix. Do these intraoperative findings provide suffi-
cient detail to define this as a case of uncomplicated or complicated appendicitis? 
And will this affect postoperative management?

 Introduction

The nomenclature used to describe appendicitis has been debated for decades. Many 
postulate that appendicitis has a temporal progression, starting with simple uncom-
plicated disease, which, left untreated, will progress to perforation [1]. Others sug-
gest that perforated and non-perforated appendicitis have different pathophysiology, 
and many episodes of uncomplicated appendicitis will spontaneously resolve with-
out development of perforation [2]. Clinical treatment pathways and patient out-
comes differ between uncomplicated and complicated appendicitis; however, a lack 
of consensus or standardization for the definition currently exists.

Terminologies such as “uncomplicated versus complicated,” “non-perforated 
versus perforated,” and “simple versus complex” are often used to describe appen-
dicitis (Fig.  2.1). The reported incidence of complicated appendicitis ranges 
 dramatically from 20% to 76%, which is likely due to the lack of standardization 
in the definition [3]. The strictest definition of complicated appendicitis only 
includes patients with a visible hole in the appendix or fecalith in the abdomen [4, 5]. 
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All other patients, including a broad spectrum of disease, would be categorized as 
uncomplicated. Other classification systems consider suppurative/phlegmonous 
findings as uncomplicated and necrotic/gangrenous/perforated/ abscess as compli-
cated [6]. A wide variability exists in the definitions utilized in appendicitis studies. 
Table 2.1 provides examples of various definitions of complicated appendicitis used 
in the literature [7–13].

a b

Fig. 2.1 (a) Intraoperative view of uncomplicated appendicitis. The appendix appears enlarged 
and hyperemic. (b) Intraoperative view of complicated appendicitis. Two focal areas of perforation 
can be seen, both at the base and tip of the appendix

Table 2.1 A summary of the various definitions of complicated appendicitis utilized in the cur-
rent literature

Definitions of complicated appendicitis
Fallon et al.  [7] “Gangrenous appendicitis has an ischemic, discolored wall without 

evidence of a hole or frank pus. Perforated appendicitis includes those 
with a hole, frank pus, or a fecalith”

Retrospective 
review

“Acute necrotizing/gangrenous appendicitis is acute appendicitis + any 
focus of transmural myonecrosis of the muscularis propria with an intact 
serosa. Perforations can be gross or microscopic”

Li et al. [8] “Gangrenous appendicitis, perforated appendix without phlegmon or 
abscess, or perforated appendicitis with phlegmon or abscess”Systematic review

Yau et al.  [9] “Operative findings of gangrenous or perforated appendix with or without 
abscess formation”Retrospective 

review
Vaos et al.  [10] “Operative findings of a perforated appendix according to the surgeon’s 

diagnosis, or a periappendicular abscess or phlegmon, or appendiceal 
perforation confirmed in pathology report”

Meta-analysis

Varadhan et al.  [11] “Local or contained perforation with an appendicular abscess or mass”
Meta-analysis
Athanasiou et al.  
[12]

“Histologically or intraoperatively diagnosed perforated appendix with or 
without free or localised pus or gangrenous appendix”

Systematic review
Meta-analysis
Fraser et al.  [13] “Perforation was defined as an identifiable hole in the appendix or a 

fecalith in the abdomen”Prospective 
randomized trial
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The postoperative clinical pathway, patient outcomes, and morbidity differ dra-
matically between uncomplicated and complicated appendicitis [7]. Appropriate 
categorization of patients with complicated appendicitis is important in order to 
employ the proper treatment pathway and reduce the risk of postoperative abscess 
formation and other associated complications. St. Peter et al. demonstrated that a 
strict definition of complicated appendicitis (visible hole in the appendix or a feca-
lith in the abdomen) is effective in identifying patients at risk for postoperative 
abscess formation and would avoid overtreatment in patients with purulent or gan-
grenous appendicitis [4]. Analysis of patients with gangrenous appendicitis showed 
that outcomes and morbidity rates resemble those of simple appendicitis and that 
treatment should follow the uncomplicated clinical pathway [14, 15]. Others believe 
that patients with gangrenous appendicitis should be treated as complicated disease 
[6]. Standardization of these terms is crucial in order to reliably study patient out-
comes in appendicitis and to avoid overtreatment of patients and prolonged hospital 
stays.

The definition of uncomplicated versus complicated appendicitis may be chosen 
from intraoperative findings, histopathology results, or a combination of both. 
However, postoperative clinical management is often dictated by intraoperative 
findings and employed prior to histopathology results. Intraoperative classification 
of appendicitis by the operating surgeon is often specific to the individual and can 
vary within a department and between institutions. Van den Boom et al. found con-
siderable inter-observer variability exists in the intraoperative classification of 
appendicitis [16]. Additionally, there is an 8–10% discrepancy between intraopera-
tive classification and the histopathologic diagnosis [7]. Often, intraoperative find-
ings dictate postoperative management, and pathology results are used for official 
ICD-9 billing diagnoses. The application of retrospective review findings in clinical 
practice is complicated by these discrepancies.

 Conclusion

Although appendicitis has been recognized for over a century, a lack of standardiza-
tion in defining the disease still exists today. The definition of uncomplicated versus 
complicated appendicitis is crucial due to its impact on clinical decision making and 
patient outcomes. Proper definition of the disease could have direct effects on 
patient quality of care, complication rates, hospital costs, and length of stay. In the 
case example, fibrinous exudate and murky fluid are found intraoperatively, but 
without a frank hole in the appendix. In our opinion, this patient should be classified 
as having uncomplicated appendicitis, and postoperative care should follow the 
uncomplicated clinical pathway. This will avoid overtreatment with prolonged anti-
biotics and shorten hospital length of stay without increasing the risk of postopera-
tive abscess formation or other complications [4, 17].

In addition to effects on patient quality of care and outcomes, the strict categori-
zation of uncomplicated and complicated appendicitis has a vast effect on the ability 
of different institutions to compare results and study appendicitis outcomes. Due to 
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the different interpretations and definitions of appendicitis, data published may be 
unreliable because of the ill-defined denominator [4]. In order to properly study the 
disease and allow for institutions to compare results in a meaningful way, standard-
ization of the definition must exist.

Clinical Pearls

• A lack of standardization in the definition of appendicitis still exists today.
• Treatment pathways differ for uncomplicated and complicated appendicitis.
• Appropriate categorization of appendicitis can have direct effects on patient 

quality of care and outcomes.
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3Making the Diagnosis: The Use 
of Clinical Features and Scoring Systems

Young Mee Choi and Steven Moulton

Case Example
An 8-year-old girl presents to the emergency department (ED) with a 2-day history 
of right lower quadrant (RLQ) abdominal pain. She had one episode of emesis and 
diarrhea the night before and decreased oral intake for the past 24 hours. She is 
otherwise a healthy child. She is afebrile with stable vital signs. Her abdominal 
examination is unremarkable except for mild tenderness on the right side without 
rebound tenderness or guarding. Blood work and ultrasound are ordered due to 
suspicion for acute appendicitis (AA). Results show an elevated white blood cell 
count of 13,000/μL without neutrophilia, and the ultrasound findings are equivocal. 
The ED physician calls for a surgical consult. What are the next steps in determining 
whether or not this child has AA?

 Introduction

Abdominal pain is a common complaint among various childhood illnesses, rang-
ing from nonsurgical conditions such as mesenteric adenitis or constipation to surgi-
cal conditions such as AA and bowel obstruction. Of these, AA is the most common 
surgical cause of abdominal pain but comprises of only 1–8% of children with 
abdominal pain seeking medical care [1, 2]. Prompt recognition of children with 
suspected AA and early intervention can avoid delays in diagnosis and lower the 
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risks of complications such as perforation and abscess formation [3]. Modern prac-
tice relies heavily on imaging studies to diagnose AA. As a result, many children 
who are at low risk for AA and could be screened with a scoring system are instead 
imaged, leading to unnecessary radiation exposure and increased healthcare costs. 
Although the use of ultrasound is increasing while the use of computed tomography 
(CT) is decreasing, the overall use of imaging studies still remains high [4]. Accurate 
clinical assessment in combination with a valid scoring system has the potential to 
limit the overuse of diagnostic imaging, hospital expenditures, and the number of 
false-positives or indeterminate study results and reduce unnecessary surgical 
procedures.

 History and Physical Examination

Clinicians evaluating children with abdominal pain should be knowledgeable about 
the varying presentations of AA in different age groups. The history is usually 
obtained from parents or caregivers of infants and preadolescent children, who are 
unable to verbalize their symptoms. Abdominal pain is the most common complaint 
in a child with AA, and its characteristics, including the duration, severity, and alle-
viating and exacerbating factors, should be explored. The classic symptoms of peri-
umbilical pain and nausea, followed by migration of the pain to the RLQ, and 
subsequent vomiting and fever may be difficult to elicit from preadolescent chil-
dren. Moreover, the typical sequence of events describing the classic symptoms of 
appendicitis is thought to be present in less than 50% of children with AA [5, 6]. 
Typical symptoms such as migration of pain, RLQ pain, and anorexia are absent in 
32–50% of children [7–9], and the absence of these symptoms does not rule out AA.

The duration of abdominal pain can point to whether it is an acute or chronic 
pathology, and exacerbating factors such as jumping or coughing may indicate peri-
toneal inflammation. The associated symptoms and review of systems can provide 
insight to the underlying disease process. For example, urinary symptoms may be 
present in AA but can also indicate a urinary tract infection, which is common in 
children. Bilious vomiting may suggest malrotation with small bowel obstruction or 
intussusception, and a bloody stool may suggest intussusception or Meckel’s 
diverticulum.

Prior to the physical examination, it is important to ensure that the child receives 
adequate analgesia to reduce the level of anxiety and distress. Opioid administration 
does not interfere with the accuracy of the diagnosis and therefore should not be 
withheld due to concerns of masking signs or symptoms [10]. In general, a child 
presenting with AA will have RLQ tenderness or even signs of localized or general-
ized peritonitis, with involuntary guarding and rebound tenderness. Right lower 
quadrant tenderness and pain on movement (coughing or hopping) have the highest 
sensitivity for AA [7]. Other commonly described clinical signs of AA include ten-
derness at McBurney’s point (one-third of the distance from the anterior superior 
iliac spine to the umbilicus), Rovsing sign (pain in the right lower quadrant on pal-
pation of the left side), obturator sign (pain on flexion and internal rotation of the 
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right hip, suggestive of an inflamed appendix in the pelvis), and iliopsoas sign (pain 
on extension of the right hip, suggestive of retrocecal appendicitis). Unfortunately, 
many of these signs are difficult to elicit in a young, uncooperative child. Rovsing 
sign was found to be the physical exam finding most suggestive of AA in a large 
meta-analysis [6], but it is present in only 32% of children with AA [9], which 
reduces its applicability.

An assessment of the probability of perforated AA can guide treatment and the 
expected hospital course. The age of the child is important when assessing the prob-
ability of perforated AA, since younger age is associated with a higher risk of per-
forated AA. One study reported that perforation was present in 100% of children 
≤1 year of age, 93% of children aged 2 years, and 69% of children aged 5 years [7, 
11]. The duration of symptoms is also significantly associated with the severity of 
AA [12]. In the original study by Alvarado, children with simple AA presented with 
a mean of 1.2  days of symptoms, whereas those with complicated AA with an 
abscess had a mean of 9.3 days of symptoms [12]. Differentiating perforated from 
nonperforated AA may be difficult on physical examination, but children with per-
forated AA will generally appear ill and have higher temperatures than those with 
nonperforated AA [13].

 Special Considerations

 Neonates
Neonatal AA is rare. Fewer than 50 cases have been reported in the last 30 years in 
the literature, and the mortality rate is reported to be as high as 28% [14, 15]. It 
affects preterm newborns as well as full-term infants [14, 16], and the most common 
presenting sign is abdominal distension, present in 75% of reported cases [14]. Less 
common signs and symptoms include vomiting, irritability, restlessness, anorexia, 
temperature instability, and abdominal tenderness [15]. Neonatal AA can be mis-
taken for necrotizing enterocolitis, due to the nonspecific but similar presenting 
clinical picture, and therefore it is often managed non-operatively, leading to a delay 
in diagnosis and a lost opportunity for appropriate surgical intervention. It is impor-
tant, therefore, to be aware and keep AA in the differential when evaluating a new-
born with abdominal distension and sepsis, without clear signs of necrotizing 
enterocolitis.

 Infants (2 Years or Younger)
Acute appendicitis is uncommon in this age group, and a large proportion of chil-
dren present with perforated AA. The most common symptoms in this age group 
are vomiting (85–90%), abdominal pain (35–77%), diarrhea (18–46%), and fever 
(40–60%) [17]. Less common symptoms such as abdominal distention (30–52%) 
or rigidity (23%) can help guide clinicians to an intra-abdominal process. Vomiting 
and fever, however, can mimic the symptoms of other common childhood ill-
nesses, such as gastroenteritis or an upper respiratory tract infection. The presence 
of other nonspecific symptoms such as irritability (35–40%), lethargy (40%), and 
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right hip pain or stiffness (3–23%) can further delay the diagnosis of AA in this 
age group [17].

 Preadolescent (3–11 years)
Emesis, in addition to the classic symptoms of AA, is seen in up to 66% of preado-
lescent children with AA; however, emesis is equally common in children with 
abdominal pain due to other causes, yielding low specificity. Similarly, fever, 
defined as a temperature ≥38 °C, is a common finding in children with abdominal 
pain, affecting 47% of those with AA versus 53% of those without AA [7], although 
this sign may indicate perforation in the setting of AA [8].

Missed AA occurs more frequently in younger children compared to those who 
are older and correctly diagnosed at initial presentation (mean age 5  years vs 
8 years), due to the high incidence of atypical symptoms in the age group ≤5 years 
old [18]. Symptoms that are atypical of AA include diarrhea, irritability, lethargy, 
and vomiting before the onset of abdominal pain. Other atypical symptoms such as 
dysuria, constipation, and respiratory tract symptoms may lead the clinician to other 
diagnoses such as urinary or respiratory tract infection [18], resulting in a delayed 
or missed diagnosis.

 Adolescent (12–18 years)
Clinicians can generally obtain a more reliable history and physical examination 
from the adolescent population. Adolescents are likely to present in a manner simi-
lar to adults with the classic symptoms of AA. The overall incidence of AA is higher 
in this age group, but the rate of perforation is lower compared to younger age 
groups, presumably due to earlier diagnosis. Obtaining menstrual and sexual history 
from female patients of childbearing age is important, because gynecologic condi-
tions such as ovarian torsion, pelvic inflammatory disease, and ectopic pregnancy 
can mimic the clinical presentation of AA.

 The Role of Scoring Systems in the Management 
of Appendicitis

Efforts to standardiaze the work up and management of patients with suspected AA 
have led clinicians to create scoring systems, which categorize patients into differ-
ent risk strata to better guide management. These systems, when properly used, can 
reduce the number and types of imaging studies employed when evaluating a child 
with abdominal pain. They are particularly useful when evaluating children with a 
low to intermediate likelihood of AA.

It is worthwhile to mention the key elements of scoring systems. Scoring systems 
are regression-based, with different numerical weights given to the predictor vari-
ables. The models undergo validation studies in various study populations prior to 
being used in clinical practice. Of the statistical performance characteristics of a 
scoring system, perhaps the most important and relevant one to a surgeon is the 
positive predictive value (PPV), which relates to the ability to identify children with 
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AA in the high-risk group and therefore determine the rate of negative appendecto-
mies [19]. Negative predictive value (NPV) would impact the percentage of chil-
dren who are misdiagnosed and therefore suffer from missed AA, which can be 
detrimental. Both the PPV and NPV are affected by the prevalence of the disease in 
a population. A scoring system with high sensitivity helps clinicians be certain that 
children with AA would be given high scores and correctly diagnosed, and high 
specificity increases confidence that children without AA would be given low scores 
and therefore excluded. A careful balance needs to be met to find a cutoff point to 
optimize the performance statistics through rigorous validation studies.

To date, the Alvarado score and the pediatric appendicitis score (PAS) are the 
most widely studied scoring systems in the pediatric literature [20]. The Alvarado 
score was developed based on pediatric and adult data [12] and has subsequently 
been validated in multiple pediatric studies. The PAS was developed specifically for 
children [21]. Both scoring systems are based on eight predictive factors, consisting 
of symptoms, signs, and two laboratory values (Table 3.1). An Alvarado score of 
1–4 represents low probability of AA, and most of these patients can be discharged. 
An Alvarado score of 5–6 is considered intermediate risk, and these patients need 
further workup or in-hospital observation. A score of 7–8 is considered probable 
AA, and 9–10 is considered high likelihood of AA. The latter two groups typically 
undergo surgical intervention. The PAS originally defined two risk categories: 1–5 
as low probability of AA and 6–10 as high probability AA, the latter requiring surgi-
cal intervention. There remains ongoing debate as to what the ideal cutoff value 
should be to achieve the highest accuracy of diagnosing AA for both scoring sys-
tems. Cutoff values of 6 and 7 for both scores have been suggested [22, 23], but the 
original cutoff values are still being used.

Studies comparing the two scoring systems generally agree that the scores pro-
vide useful diagnostic information when evaluating children with suspected AA 
without significant differences between the two, although neither provides a PPV 
that is high enough to be used as the single method for the diagnosis of AA and 
determining the need for surgery [19, 22]. A systematic review suggests that the 

Table 3.1 Alvarado score and pediatric appendicitis score

Alvarado score Pediatric appendicitis score (PAS)
Symptoms Migration of pain 1 Migration of pain 1

Anorexia 1 Anorexia 1
Nausea/emesis 1 Nausea/emesis 1

Signs Right lower quadrant 
tenderness

2 Right lower quadrant tenderness 2

Rebound pain 1 Cough/hopping/percussion tenderness in 
the right lower quadrant

2

Elevation in temperature 
(≥37 °C)

1 Elevation in temperature (≥38 °C) 1

Laboratory Leukocytes ≥10,000/μL 2 Leukocytes ≥10,000/μL 1
Polymorphonuclear 
neutrophilia ≥75%

1 Polymorphonuclear neutrophilia ≥75% 1

Total 10 Total 10
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Alvarado score has higher sensitivity than the PAS, but the two scoring systems 
have similar specificities [20].

The Alvarado score together with positive ultrasound findings (compressibility, 
presence of free fluid, tenderness, hyperemia, and size of the appendix) has been 
shown to increase the sensitivity (98%) and specificity (82%) of diagnosing AA in 
adults [24]. However, this study had a high incidence of non-visualization of the 
appendix on ultrasound (37%) with 59% of patients requiring further imaging with 
CT or MRI. While this approach of combining a scoring system with imaging find-
ings was shown to increase diagnostic accuracy, it would require that all children 
with suspected AA undergo ultrasound. The combination of a scoring system with 
ultrasound findings may be useful in the intermediate group (e.g., Alvarado score 
5–6), and the risks and benefits of using imaging versus observation alone should be 
further explored.

The Appendicitis Inflammatory Response (AIR) score incorporates signs and 
symptoms as well as C-reactive protein (CRP) [25]. It grades the clinical features 
and laboratory values according to the severity of each element, rather than as 
dichotomous variables. It was primarily developed on adult data but later vali-
dated in children. An AIR score of 0–4 represents low probability of AA; a score 
of 5–8 identifies an indeterminate group requiring in-hospital observation with 
additional imaging or diagnostic laparoscopy; a score of 9–12 represents high 
probability of AA. The AIR score can be easily applied in children because it does 
not involve subjective signs such as nausea and migration of pain. The one draw-
back to its use is the need to draw a CRP level, which may not be readily available 
in some hospitals. One study found that implementation of the AIR score signifi-
cantly reduced the incidence of negative explorations (3.2% to 1.6%) and hospital 
admissions compared to a historic cohort (from 43% to 30%) [26]. In the same 
study, the proportion of children undergoing imaging also significantly decreased 
in the high-risk group (53% to 38.5%), without significant differences in the rate 
of negative explorations, admissions, and readmissions to the hospital [27]. When 
children in the intermediate group were randomized to observation or imaging, 
those randomized to imaging were more frequently diagnosed with AA, without 
significant differences in readmission or missed appendicitis rates between the 
two groups.

The appendicitis score was derived from 127 children ages 4–15 years old. The 
score consists of male gender (2 points); intensity of pain (2 for severe pain); reloca-
tion of pain (4 points); vomiting (2 points); pain in the RLQ (4 points); fever 
≥37.5 °C (3 points); guarding (4 points); absent, tinkling, or high-pitched bowel 
sounds (4 points); and rebound tenderness (7 points) giving a maximum of 32 points 
[28]. Scores of 21 or more indicate high probability of AA; scores of 15 or less 
indicate low probability of AA. Scores from 16 to 20 represent intermediate proba-
bility. The authors recommend appendectomy in those with RLQ pain, rebound, or 
guarding even if the score is 15 or less due to the high likelihood of AA in children 
with these symptoms. When children were randomized to the appendicitis-score or 
a no-score group in a different prospective cohort of 126 children, the authors found 
a significantly higher negative appendectomy rate in the no-score group (29% vs. 
17%, p = 0.05) and higher diagnostic accuracy in the appendicitis-score group (92% 
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vs. 80% p = 0.04), without significant differences in the rate of missed AA between 
the two groups [29].

Lastly, the pediatric appendicitis risk calculator (pARC) outputs a predicted risk 
of AA on a continuous scale and is derived from a sample of 2423 children ages 
5–18 years old [30]. The predicted risk is categorized into low- (predicted risk of 
0–14%), intermediate- (15–84%), and high-risk groups (≥85%). Variables in the 
calculator include male gender, age groups, duration of pain, pain with walking, 
migration of pain to the RLQ, maximal tenderness in RLQ, abdominal guarding, 
and ANC value. It has similar diagnostic accuracy as the PAS, but requires sophis-
ticated calculations, which can be built into a program to make it user-friendly. It 
has yet to be validated in different study populations.

This is not an exhaustive list of the available appendicitis scoring systems, but 
rather a brief review of those most relevant to children. Scoring systems have the 
potential to standardize care and reduce unnecessary admissions and diagnostic 
studies, but remain underutilized in clinical settings. Their utilization may be 
improved with a scoring system that is built into the hospital electronic medical 
charting system to lessen the burden on the clinical staff and make it easier to 
use. As some of the studies show, there are demonstratable benefits to the routine 
use of a scoring system, and children with indeterminate study results may ben-
efit from careful observation rather than routine imaging studies [27, 29]. There 
are limitations to using scoring systems when diagnosing AA in children. One 
limitation is that some of the history elements of a scoring system are not easily 
assessable in young and nonverbal children. Another limitation is that the exami-
nation findings may be clinician-dependent, even though most scoring systems 
use relatively simple examination findings such as RLQ tenderness or rebound 
tenderness. Lastly, the widespread use of ultrasound may avert clinicians from 
using scoring systems to determine the need for imaging studies.

 Conclusion

More prospective studies are needed to test the efficacy of scoring systems at reduc-
ing hospital costs associated with overutilization of diagnostic studies, misdiagnosis 
or delay in diagnosis of AA, and negative appendectomies. Importantly, emerging 
technologies that estimate severity of illness in conditions such as appendicitis may 
complement and increase the accuracy of current scoring systems [31].

Clinical Pearls

• The Alvarado score and pediatric appendicitis score are the most widely studied 
scoring systems for acute appendicitis in children.

• Scoring systems stratify children into low, intermediate, and high probability 
groups.

• Scoring systems have the potential to reduce the rate of imaging studies, unnec-
essary hospital admissions, and negative appendectomies.
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• Prospective trials are needed to compare and assess the effectiveness of scoring 
systems at expediting the diagnosis of acute appendicitis and reducing unneces-
sary interventions.
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4The Role and Efficacy of Laboratories 
in the Diagnosis of Pediatric 
Appendicitis

Colin Martin and Raoud Marayati

Case Example
A 5-year-old is brought to her pediatrician’s office because of abdominal pain and 
loss of appetite. On exam the pediatrician finds that the child has pain in her lower 
abdomen, but it is difficult to tell the precise location of the pain. The patient does 
not currently have a fever; however, the pediatrician is concerned that this patient 
has appendicitis. The child is referred to the emergency room, and the pediatrician 
suggests that laboratory testing may be helpful in making the diagnosis.

 Introduction

 Making the Diagnosis

Appendicitis is one of the most common pediatric surgical emergencies. Operative 
intervention, in the form of appendectomy, is the gold standard, and a delay in diag-
nosis of acute appendicitis may be associated with increased risk or perforation and 
further complications. Historically the negative appendectomy rate has been 
reported to be as high as 30% [1]. Despite complete clinical history and physical 
examination, early acute appendicitis is still difficult to diagnose in children. 
Clinical examination remains one of the most sensitive diagnostic methods of pedi-
atric appendicitis. However, it has been shown to carry a low specificity and a low 
positive predictive value. Thus, relying on clinical signs alone may result in a much 
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higher negative appendectomy rate, and thus the analysis of key laboratory values 
may be helpful in the diagnostic workup. The role of various laboratory markers in 
the workup of possible acute appendicitis has been widely studied, and their use is 
a source of continued debate. Laboratory analysis is often included as an important 
adjunct in making the diagnosis of appendicitis. For example, the pneumonic 
MANTRELS (Migration of pain to the right lower quadrant, Anorexia, Nausea/vom-
iting, Tenderness in the right lower quadrant, Rebound pain, Elevation of tempera-
ture, Leukocytosis, Shift of white blood cell (WBC) count to the left) includes a 
WBC. Other scoring systems (discussed in more detail in other chapters) such as the 
Ohmann score can accurately identify patients at low, moderate, and high risk for 
appendicitis by mathematically combining clinical and laboratory findings. 
Although imaging is helpful to make the diagnosis, the use of laboratory tests and 
other point-of-care algorithms [2] aims to minimize radiation exposure with CT 
scanning as well as unnecessary surgery while maintaining a high sensitivity for 
identifying appendicitis.

The typical laboratory workup for a patient with possible appendicitis includes a 
white blood cell (WBC) count with differential and urinalysis. Other commonly 
used laboratory tests include acute-phase proteins such as C-reactive protein (CRP). 
In early stages of appendicitis, laboratory evaluation may be within the reference 
range, because the inflammation and infection have not yet become systemically 
detectable. It has been suggested that laboratory values increase in diagnostic value 
as the patient’s duration of symptoms increases.

 White Blood Cell (WBC) Count

The WBC count is the most often used test to support the diagnosis of acute appen-
dicitis. It is elevated in 70–90% of patients with acute appendicitis. WBC also has a 
limited predictive value with acceptable sensitivity (80–92%) and low specificity 
(29–76%). A threshold WBC of 10,000/μL was associated with a likelihood ratio 
(LR) of 2.0, a 15% increase in the probability of having acute appendicitis in patients 
with an elevated WBC [3]. Increasing the threshold of WBC count did not improve 
likelihood ratios and caused a significant decline in sensitivity. Leukocyte response 
declines in children below 5 years of age, and WBC count may be normal in 8% of 
infants with proven acute appendicitis [4]. WBC count lacks the diagnostic accuracy 
to be used as a single laboratory marker for appendicitis. However, its utility increases 
significantly when combined with the presence of a left shift or an elevated CRP.

 Differential

The presence of a left shift or more than 80% polymorphonuclear cells and bands 
on a cell differential in the setting of an elevated WBC has been shown to have sig-
nificant predictive power. An immature granulocyte percentage (IG%) is an 
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automated hematologic analysis that is more accurate automated differentials. An 
elevated IG% has shown to be more accurate than standard neutrophil measures in 
predicating pediatric sepsis. However Matthews et al. demonstrated that elevated 
IG% was not a significant predictor of appendicitis [5].

 C-Reactive Protein

C-reactive protein (CRP) rises in its serum concentration 6 hours after inflammation 
until the peak is reached in approximately 48 hours. Yang et al. performed a pro-
spective case control series to correlate the laboratory findings with the diagnosis 
and severity of appendicitis. They found that CRP correlated with the positive diag-
nosis of appendicitis and was significantly associated with perforation. In a meta- 
analysis CRP has been shown to have a medium sensitivity (53–88%) and specificity 
(46–82%) for appendicitis. Patients with WBC greater than 12,000/μL and CRP 
greater than 3  mg/dl were 7.75 times more likely to have appendicitis [6]. CRP 
levels are significantly higher in children with perforated appendicitis than in simple 
uncomplicated appendicitis. CRP may be used in combination with a WBC to 
enhance the diagnosis of appendicitis.

 Mean Platelet Volume (MPV)

Mean platelet volume is acute phase reactant and a marker of platelet activation and 
inflammation. Several studies have been shown that correlate MPV to sepsis. 
Although not confirmed in in pediatric studies, MPV has been shown be a predictor 
of acute appendicitis [7].

 Hyperbilirubinemia

An elevated bilirubin level is associated with acute appendicitis. It has an 88% and 
positive predictive value of 91% for simple acute appendicitis. Emmanuel et  al. 
performed a large retrospective review and found that a bilirubin level greater that 
1.0 mg/dl has strong correlation with acute appendicitis and was a better prediction 
of gangrenous and perforated appendicitis. Although this study was conducted in 
adult patients, they found that an elevated bilirubin was a better predictor of appen-
dicitis than CRP or WBC [8].

 Urinalysis (UA)

Irritation of the bladder or ureter by an inflamed appendix may result in few urinary 
WBCs. In addition, urinary RBCs can be found in patients with appendicitis with an 
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overlying phlegmon or abscess lying adjacent to the ureter, typically fewer than 20 
per high-power field. Ketonuria is suggestive of dehydration and can be seen in 
perforated appendicitis. None of these findings, however, are reliable enough to 
confirm or exclude the diagnosis of acute appendicitis.

Since acute appendicitis is associated with an acute-phase reaction, many studies 
have shown that cytokines and acute-phase proteins are activated and may serve as 
indicators of the severity of appendicitis.

 Erythrocyte Sedimentation Rate (ESR)

An increased ESR level has been shown to correlate with the grade of inflammation. 
However, the method of detection is non-specific, time-consuming, and not widely 
recommended.

 Interleukin 6 (IL-6)

IL-6 is an inducer of acute phase protein synthesis in human hepatocytes causing a 
wide response including fever, high WBC, and increased immune activity. It is also 
a non-specific marker of inflammation with a short half-life. Bacteria and lipopoly-
saccharide (endotoxin) are known to cause an increase in the release of a number of 
cytokines including TNF-α, IL-1, and IL-6. Sack et al. showed that CRP and IL-6 
correlated significantly with the severity of appendiceal inflammation, with signifi-
cantly higher levels in gangrenous and perforated acute appendicitis [6]. Serum 
levels of IL-6 were shown to differentiate between the children with acute appendi-
citis with perforation and those without perforation [9].

 Conclusions

In summary, laboratory results should be integrated within the complete diagnostic 
assessment of acute appendicitis. They provide the most valuable information when 
combined in discerning the necessity for operative intervention. Of note, acute 
appendicitis is very unlikely when leucocyte count, neutrophil percentage, and CRP 
level are simultaneously with normal limits [10].

Clinical Pearls

• Laboratory values may be normal in very early acute appendicitis.
• Combining laboratory values may increase their predictive value in making the 

diagnosis of appendicitis.
• No single laboratory value is definitive in the diagnosis of appendicitis.
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Case Example
An 11-year-old, 45 kg, female presents to a community emergency department with 
8 hours of abdominal pain. The emergency physician requests surgical consultation 
in anticipation of possible transfer and reports that the patient has tenderness to 
palpation in the right lower quadrant, but is afebrile and has a normal white blood 
cell count. She would like to know if you would like imaging for this patient and, if 
so, what?

 Introduction

Appendectomy is the most common urgent surgical procedure in children, with 
approximately 80,000 appendectomies performed annually in the United States [1]. 
Appendicitis was traditionally diagnosed clinically, based on history and physical 
exam, and surgeons accepted a 10–20% rate of finding a normal appendix at surgery 
(negative appendectomy) [2]. With improving technology, abdominal ultrasonogra-
phy (U/S) gained popularity in the late 1980s [3]. As computed tomography (CT) 
became more ubiquitous, its use supplanted U/S [4]. Magnetic resonance imaging 
(MRI) use has increased slowly over the past few years as the harms of CT-associated 
radiation have been acknowledged and publicized. The increase in accuracy and 
availability of diagnostic imaging has resulted in a decrease in the negative appen-
dectomy rate, from 20% to 2%, over the past three decades [2, 5]. Today, nearly 
100% of pediatric patients undergo some type of imaging to establish a diagnosis of 
appendicitis; CT accounts for more than 50% of these studies [6]. The choice of 
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imaging modality is highly dependent on clinician decision-making, as well as local 
availability and practices.

The ideal diagnostic imaging modality would expeditiously and accurately diag-
nose appendicitis without exposing the patient to additional harms and would be 
cost-effective. Each modality has limitations, risks, and benefits, which should be 
considered based on the clinical scenario. Adjuncts to imaging, such as radiology 
report templates, clinical scoring systems, and standardized algorithms for patient 
evaluation, have enhanced the value of diagnostic studies. Moreover, individual 
modalities should be thought of in conjunction with other study types as well as 
contextual and patient-related factors. The following review describes the advan-
tages and limitations of each modality, followed by a discussion of ways to enhance 
the diagnostic utility of various imaging strategies.

 Literature Review

 Ultrasonography

Graded compression U/S was first described for the diagnosis of appendicitis in 
1986 [3]. The traditional criterion for diagnosis of appendicitis by U/S is an appen-
diceal maximal outer diameter (MOD) >6 mm. Searle et al. looked at normal appen-
diceal diameter by age and found that the appendiceal diameter does not increase 
significantly above age 3 [7]. A retrospective review by Goldin et  al. found that 
using diagnostic criteria of MOD ≥7 mm or wall thickness >1.7 mm had a sensitiv-
ity of 99% and specificity of 95% [8]. Among published meta-analyses of the diag-
nostic accuracy of U/S, sensitivity ranges from 0.88 to 0.91 and specificity from 
0.90 to 0.97 (Table 5.1) [9–12]. Figure 5.1 shows the imaging findings of appendi-
citis by U/S.

While MOD is a central component of U/S diagnosis of appendicitis, one criticism 
of U/S is the frequency of lack of visualization (full or partial) of the appendix, which 
occurs 18–75% of the time [19–21]. According to a multicenter prospective observa-
tional study by Mittal et al., U/S had a specificity of 97% and a sensitivity of 72.5% 
for the diagnosis of appendicitis in children ages 3–18 [22]. The primary reason for 

Table 5.1 Ranges of sensitivity and specificity for different imaging modalities by source 
[9–18]

Ultrasonography 
(U/S)

Computed tomography 
(CT)

Magnetic resonance 
imaging (MRI)

Test 
characteristics
Sensitivity:
  Single studies 0.44–1.00 0.76–0.97 0.85–1.00
  Meta-analyses 0.88–0.91 0.90–0.95 0.96–0.98
Specificity:
  Single studies 0.86–0.97 0.83–0.99 0.96–0.98
  Meta-analyses 0.90–0.97 0.92–0.95 0.96–0.97
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Fig. 5.1 Ultrasound positive for appendicitis. Transverse view (left) demonstrates periappendi-
ceal free fluid (arrow). Longitudinal view (right) highlights appendiceal wall thickening, with a 
maximal outer diameter of 1.01 cm

the lower sensitivity was the frequency with which the appendix was not visualized. 
In cases where the appendix was visualized, the sensitivity was 97.9%, and the speci-
ficity was 91.7%. However, lack of visualization has a high negative predictive value 
for appendicitis [23]. The combination of lack of visualization and absence of second-
ary findings reduces the likelihood of appendicitis to less than 2% [24].

Secondary findings that may support the diagnosis of appendicitis include appen-
diceal wall thickness ≥3 mm, non-compressibility of the appendix, wall hyperemia 
on color Doppler, periappendiceal mesenteric fat stranding, presence of an appendi-
colith, free fluid, a periappendiceal hypoechoic halo indicative of appendiceal wall 
edema, lymphadenopathy, and abdominal tenderness during U/S examination. 
Published literature provides contradictory data on the diagnostic value of second-
ary signs for the diagnosis of appendicitis with U/S.  Goldin et  al. reported that 
incorporating secondary findings into diagnostic criteria did not increase the sensi-
tivity or specificity of U/S [8]. Trout et al. found that periappendiceal fat stranding 
was the only secondary finding that was statistically significant in predicting the 
presence of appendicitis [25]. In one retrospective review of imaging in negative 
appendectomies, the most common U/S findings that misled radiologists were non- 
compressibility (56%) and sonographic tenderness (56%), followed by RLQ lymph-
adenopathy (50%) [26]. Nevertheless, the presence of secondary findings in the 
setting of a non-visualized appendix or the absence of secondary findings in the 
setting of a borderline MOD may increase diagnostic accuracy [20].

The primary limitation of U/S is its operator dependence. Techniques for 
improved appendix visualization have been reported, including standard supine 
scanning, followed by left posterior oblique scanning if the appendix is not visual-
ized, and then “second-look” supine scanning [27]. Increased use of U/S, i.e., prac-
tice, is also associated with decreased non-visualization of the appendix and 
improved diagnostic accuracy [19]. Sensitivity is higher at centers with higher U/S 
utilization, and nondiagnostic U/S studies are more prevalent at community hospi-
tals, where CT is more often employed as the first imaging test [22, 28].
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Additionally, U/S is commonly thought to perform worse than other imaging 
modalities in overweight or obese patients [29–31]. Increased abdominal wall thick-
ness and retrocecal location are associated with decreased rates of visualization in 
adult studies [32]. However, U/S has been shown to maintain its diagnostic utility in 
children regardless of patient body habitus [33]. Techniques to improve visualiza-
tion in patients with a large body habitus include posterior manual compression and 
use of lower-frequency transducers [34].

Utilizing a standardized radiology report template that incorporates secondary 
signs has been shown to improve U/S diagnostic clarity. Nielsen et al. formulated a 
template that defined an abnormal appendix as one with a MOD ≥7 mm and a maxi-
mal wall thickness ≥1.7 mm [35]. Secondary signs included hyperechogenic peri-
appendiceal fat, fluid collection consistent with abscess, and local dilation and 
hypoperistalsis of bowel. For their final impression, radiologists were required to 
choose between four categories: (1) normal appendix, (2) appendix not visualized 
or partially visualized without secondary signs of appendicitis, (3) appendix not 
visualized or partially visualized with secondary signs of appendicitis, and (4) acute 
appendicitis. Categories 3 and 4 were considered positive for appendicitis. This 
template nearly eliminated nondiagnostic exams and improved diagnostic accuracy. 
Sensitivity improved from 67% to 92%. In other studies, the use of U/S templates 
has reduced use of CT, improved diagnostic accuracy, and reduced costs [36–38].

Rapidity of the test and repeatability are additional benefits of U/S.  Increased 
sensitivity with increased duration of abdominal pain and repeated scans has been 
reported [39, 40]. U/S alone and in conjunction with algorithms that include U/S 
first have demonstrated lower costs and decreased use of CT [41–45]. The trend 
toward increased U/S use has not produced a concomitant increase in negative 
appendectomies, time to surgery, perforations, or missed appendicitis [4, 46–48].

 Computed Tomography

CT findings of appendicitis are similar to those seen on U/S: appendiceal MOD 
>6  mm, increased wall thickness (target sign), wall hyperemia, periappendiceal 
mesenteric fat stranding, presence of an appendicolith, free fluid, and abscess [49]. 
Figure 5.2 demonstrates imaging by CT of confirmed appendicitis. Non-visualization 
of the appendix is possible on CT and argues against appendicitis with a very high 
(99%) negative predictive value [50]. The advantages of CT are its high sensitivity 
and specificity, operator independence, relatively quick acquisition time, wide-
spread availability, and ability to identify alternate diagnoses.

CT has strong test characteristics in all populations, somewhat better than U/S, 
with a sensitivity of 0.90–0.95 and specificity of 0.92–0.95 (Table 5.1) [9, 13, 14]. 
Sensitivity and specificity improve slightly with intravenous contrast, but enteric con-
trast is generally unnecessary [51]. In children, however, several systematic reviews 
have shown that the sensitivity and specificity of CT are similar to U/S [9, 15]. CT’s 
lower performance in children is due to relative lack of body fat, which makes distin-
guishing the appendix from surrounding structures more difficult [10, 52, 53]. In 
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contrast to U/S, CT’s high sensitivity and specificity remain consistent across institu-
tions. In their meta-analysis of 9, 356 pediatric patients, Doria et al. reported little 
variation between hospitals of institution-specific sensitivity and specificity [10].

CT is now ubiquitous in the United States, with more than 34 scanners per million 
population as of 2007 [54]. Fourteen percent of children presenting to the emergency 
department with non-traumatic abdominal pain undergo CT (Fig. 5.3) [55]. Being 
faster than MRI, CT is useful for obtaining high-quality imaging in younger children, 
who may not be able to remain still a prolonged time period. However, CT completion 
may take significantly longer than U/S from time of order to performance [56]. CT 

Fig. 5.2 CT scan 
demonstrates dilated 
appendix (solid arrow) 
with periappendiceal 
mesenteric fat stranding 
(hollow arrow)
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also identifies extra-appendiceal findings suggestive of other diagnoses more often 
than U/S [57, 58]. Because of these properties, CT may reduce the rate of negative 
appendectomies in children younger than 5 and girls older than 10 years of age [59].

Despite strong test characteristics, ease, and efficiency of performance, the ion-
izing radiation produced by CT raises concern. Focused exams and low-dose tech-
niques, which have demonstrated equivalence to traditional techniques, have reduced 
radiation exposure but cannot eliminate it [60]. Children are particularly vulnerable 
to the effects of radiation, as their developing tissues are more sensitive and they have 
a longer remaining life span during which oncogenic effects may manifest [61]. Age 
at time of exposure impacts the risk of malignancy, with age inversely related to risk 
[62]. With growing recognition of the harms of healthcare- associated pediatric radia-
tion exposure, limiting the utilization of CT is strongly recommended by national 
bodies such as the American College of Radiologists, the National Cancer Institute, 
the American Academy of Pediatrics, the American Pediatric Surgical Association, 
the Image Gently Alliance, and the Joint Commission [61, 63–66].

In the United States, individuals are exposed to approximately 3 mSv of background 
radiation per year. For reference, 1 mSv is equivalent to 1 mGy if the radiation type is 
gamma rays. An abdominal CT scan delivering 10 mSv is expected to cause cancer in 
the lifetime of 1 in 1000 male patients who are 10 years old at the time of imaging [67]. 
An estimated 4–9 million CT scans are performed annually on US children, 11% of 
which are obtained to evaluate for appendicitis [68, 69]. One year’s worth of pediatric 
CTs is projected to cause 4870 cancers, but the true risk is unknown [70].

CT use in pediatric patients is associated with community, non-children’s hospi-
tals (NCH), older children, females, and patients with higher body mass index [71, 
72]. Multiple studies have demonstrated that NCHs are more likely than children’s 
hospitals (CH) to utilize CT to diagnose pediatric appendicitis [71–73]. The major-
ity of pediatric patients with suspected appendicitis undergo CT, likely because 
66–82% of these patients initially present to community and NCHs [74, 75]. 
Anderson et al. have also showed that the size-specific dose estimate and effective 
dose of radiation are significantly higher and have greater variance at NCHs that are 
not involved in a dose reduction program (Fig. 5.4) [76, 77].

CHs have led the effort to reduce CT utilization in children. As MRI has become 
increasingly available, it has begun to replace CT as a secondary modality after 
inconclusive U/S and is less commonly used as the primary study [72]. In addition 
to the radiation risk, CT use is not associated with better patient outcomes [78]. 
Other disadvantages of CT compared to U/S include cost and potential for allergic 
reaction or kidney injury from iodinated contrast agents. With radiation dose being 
cumulative, repeat CTs are not recommended.

 Magnetic Resonance Imaging

The diagnostic features of appendicitis on MRI are similar to those previously men-
tioned. A study by Leeuwenburgh et al. described nine MRI features predictive of 
appendicitis: appendix diameter  >7  mm, appendicolith, periappendiceal fat 
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infiltration, periappendiceal fluid, absence of gas in the appendix, appendiceal wall 
destruction, restricted diffusion of the appendiceal wall, and lumen or focal fluid 
collections [79]. Systematic reviews and meta-analyses have reported sensitivity 
from 0.96 to 0.99 and specificity ranging from 0.96 to 0.97 (Table 5.1) [9, 16–18]. 
In addition to strong test characteristics, MRI is also operator independent, provides 
alternative diagnoses as frequently as CT, and does not expose patients to ionizing 
radiation [80]. Figure 5.5 shows an MRI demonstrating appendicitis.

MRI does have several limitations, especially in the pediatric population. MRI 
may take longer to perform than either U/S or CT. The youngest children, those who 
cannot cooperate, or those with claustrophobia may require sedation to complete 
the exam. MRI is not as widely available as the other modalities and is more expen-
sive as a stand-alone test than its comparators.

Traditional MRIs, with or without contrast, take longer to perform than U/S or 
CT. However, at centers where it is available, “fast” MRI has mitigated this prob-
lem. 3-T MRI produces a magnetic field twice as powerful as the more common 
1.5T MRI, which typically decreases scanning time by half while retaining 
strong test characteristics [81]. In combination with 3-T MRI machines, parallel 
processing and newer body coils aid in reducing scan time, making it possible to 
scan children with free breathing, no IV contrast, and no sedation [82]. The ben-
efit of gadolinium enhanced images has not been conclusively established [17, 
83, 84].
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MRI is not as widely available as CT or U/S [54]. Hospital characteristics such 
as higher total expenditures and network affiliation are associated with its avail-
ability [85]. Even where available, MRI use has increased very slowly, compris-
ing only 1–2% of all imaging for suspected appendicitis [47]. Otero et al., in a 
large retrospective study of trends and costs over time, found that while imaging 
costs of all studies increased slightly, it was at a much lower rate than overall 
hospital costs [47]. However, MRI only accounted for approximately 1% of imag-
ing in that review. Heverhagen et al. reported that MRI is cost-effective as an 
isolated imaging modality because it decreases the rate of negative laparotomy, 
but their study did not compare MRI to U/S or CT [86]. Anderson et al. demon-
strated a small, yet significant, increase in radiology costs with a large increase in 
MRI use (from 1% to 25%) in a single institution [46].

The utility of MRI as the first imaging test for appendicitis has not been estab-
lished; nevertheless, it is a reliable alternative to CT when U/S is inconclusive. The 
slow transition from CT to MRI as the secondary imaging modality has not shown 
a change in outcomes. Several studies have reported no difference in time to antibi-
otic administration, time to surgery, negative appendectomy, perforation rate, or 
length of stay [46, 82, 87]. Future studies are necessary to evaluate the repercus-
sions of this change in imaging strategy.

Fig. 5.5 MRI 
demonstrates dilated 
appendix with 
periappendiceal 
enhancement consistent 
with inflammation
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 Discussion

Imaging for suspicion of pediatric appendicitis has become a common practice in the 
United States. As a result, tolerance for negative appendectomies and missed diagnoses 
has significantly decreased. Based on the available literature and current guidelines, 
U/S should be the first-line imaging modality in children with suspected appendicitis 
[88, 89]. MRI, where available, should be considered as a second-line exam in lieu of 
CT. CT may be beneficial when MRI cannot be performed, in older or obese children 
and in exigent circumstances. Imaging for suspected appendicitis is cost-effective for 
the reduction of negative appendectomies and decreased length of stay [90].

Imaging is rarely performed in isolation of history and physical and laboratory 
tests. The incorporation of commonly performed blood tests, such as a complete 
blood count, has demonstrated improved predictive value when used in conjunction 
with U/S [91]. The Alvarado Score, the Pediatric Appendicitis Score (PAS), the 
Appendicitis Inflammatory Response (AIR) Score, and similar tools have been used 
with great success to triage patients for imaging, to choose the imaging modality, or 
to support imaging results [43, 92–96]. Saucier et al. used the PAS to selectively 
image pediatric patients with U/S first, while Bachur et al. integrated the PAS with 
U/S results to determine next steps [43, 97]. Blitman et al. found a negative predic-
tive value of 99.6% in patients with a low Alvarado Score and inconclusive U/S [92].

There is strong evidence that clinical guidelines or pathways for the diagnosis of 
appendicitis are efficient and cost-effective; they also reduce radiation exposure 
even if CT is included in the algorithm [40, 43, 46, 82, 98, 99, 100]. Published path-
ways are varied but generally include an U/S first protocol [101]. The LeBonheur 
pathway, as described by Saucier et al., had a diagnostic accuracy of 94% and was 
shown to be the 2nd most cost-effective strategy compared to U/S of all patients, 
clinical judgment alone, CT of all patients, overnight observation with surgical eval-
uation, and no imaging [102]. U/S of all patients was the most cost-effective; how-
ever, stratification by PAS had improved diagnostic accuracy with only a moderate 
increase in cost. U/S as the initial imaging modality with CT or MRI reserved for 
inconclusive U/S results increases overall diagnostic accuracy and decreases cost 
without sacrificing time to antibiotics or surgery [103, 104].

 Continuing Controversies and Areas for Study

The evidence supports the use of U/S as the first diagnostic imaging test in children 
with suspected appendicitis. The utility of MRI first or MRI second has not been 
conclusively established, and more studies are needed to evaluate MRI alone or as 
part of an algorithm. Moreover, the role of CT, in light of radiation concerns, has not 
been fully determined. Several authors have suggested that MRI should replace CT 
as the secondary imaging modality after inconclusive U/S, but this practice has not 
been widely implemented, and the repercussions of such a shift have not been fully 
investigated. The Cochrane Collaboration is in the process of conducting a system-
atic review and meta-analysis of U/S and MRI for the diagnosis of acute 
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appendicitis [105, 106]. They are also conducting a systematic review for evidence 
of the benefit of CT for acute appendicitis in adults.

 Case Example Discussion

The case mentioned in the beginning of this chapter highlights the conundrums of 
imaging for suspected appendicitis in children. In this female patient with right lower 
quadrant pain, multiple diagnoses must be considered, including appendicitis, gyne-
cologic pathologies such as ovarian torsion, or mesenteric adenitis. An ultrasound 
should be ordered for this patient. If the ultrasound is inconclusive, the emergency 
physician ought to consider the characteristics of their facility, transfer logistics, and 
patient/family preferences prior to ordering additional or repeat imaging.

In this case you recommended an U/S, which was obtained first. It demonstrated 
free pelvic fluid but was nondiagnostic. After you discussed the U/S results, the 
emergency physician ordered an MRI of the abdomen and pelvis on your recom-
mendation, which showed a dilated appendix with periappendiceal inflammation 
and a normal right ovary. The patient was started on antibiotics, and an appendec-
tomy was successfully performed several hours later.

 Conclusion

Imaging for suspected pediatric appendicitis is an invaluable diagnostic tool, but 
modality selection can be controversial. First-line U/S is the evidence-based recom-
mendation of the authors and the American College of Radiology [88]. Additional 
imaging is at the discretion of the provider, and multiple factors should be consid-
ered including availability of secondary modalities, exam and laboratory findings, 
surgeon assessment, patient characteristics, and patient/family preference.

Clinical Pearls

• Imaging is a valuable tool that has significantly improved our ability to correctly 
diagnose appendicitis and lower our negative appendectomy rate.

• U/S is a useful and safe first-line mode of imaging, but is operator dependent.
• MRI may provide a nonionizing radiation imaging option with a similar accu-

racy to CT scan.
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6Selection and Timing of Antibiotics 
for the Management of Appendicitis

Christopher Gayer and Michelle V. L. Nguyen

Case Example
A 12-year-old girl presents to the emergency department with 2 days of abdominal 
pain that began centrally and has migrated to the right lower quadrant. Her mother 
reports a fever to 38 °C and multiple episodes of vomiting and diarrhea. On physical 
exam, the patient has focal peritonitis in the right lower quadrant. White blood cell 
count is 18,000 /uL, and C-reactive protein is 1.8  mg/L.  Abdominal ultrasound 
demonstrates a 9 mm non-compressible, blind-ended tubular structure in the right 
lower quadrant and a moderate amount of free fluid in the pelvis, consistent with 
perforated appendicitis. Which antibiotics should be started, and for how long 
should they be continued?

 Introduction

Appendicitis is one of the most common diseases that general surgeons manage. 
While antibiotic use is widely accepted and is considered current standard of care, 
there is little consensus regarding which class, route of administration, or duration 
of antibiotics is best. Furthermore, it is not clear if these choices actually work to 
resolve the ongoing intra-abdominal infection or reduce post-treatment complica-
tions as they are meant to. Many institutions have protocols directing a change in the 
antibiotic regimen depending on whether the patient’s disease is complicated or 
uncomplicated. Simple or uncomplicated appendicitis typically refers to pathology 
limited to appendiceal inflammation, while complicated appendicitis generally 
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involves appendiceal perforation and/or intra-abdominal abscess formation. 
However, between these extremes is a spectrum of disease involving other features 
like gangrene, purulence, and presence of an obstructing appendiceal fecalith or 
appendicolith. Different studies often distinguish uncomplicated from complicated 
appendicitis at conflicting points along this spectrum, and sometimes also consider 
other factors, like delayed return of bowel function or requirement of intensive care, 
to be complicated. Because the label guides the antibiotic management in most 
institutions, the lack of universally agreed-upon criteria for complicated appendici-
tis makes reconciling individual studies and recommendations difficult. The details 
of antibiotic use in the treatment of appendicitis are not standardized. Herein we 
discuss the literature supporting common practices.

Current guidelines from multiple experts are similar but still ultimately conflict-
ing. The Infectious Disease Society of America states that the routine use of broad- 
spectrum antibiotics is unnecessary if there is a high likelihood that the appendicitis 
is uncomplicated [1]. A recent Cochrane review also recommends narrow-spectrum 
antibiotics, suggesting that a first-generation cephalosporin with metronidazole or a 
second-generation cephalosporin alone is sufficient [2]. The Surgical Infection 
Society (SIS)’s 2017 guidelines on the management of intra-abdominal infection 
(not specific to appendicitis) specify using cefotaxime, ciprofloxacin plus metroni-
dazole, or ertapenem for community-acquired infection due to a pathogen deter-
mined to be at low risk for antibiotic resistance. Recommendations are 
piperacillin-tazobactam, imipenem-cilastatin, or meropenem for community- 
acquired infection due to a pathogen at high risk for antibiotic resistance or hospital- 
acquired infection in children. Interestingly, by those authors’ own admission, the 
definition of high and low risk of antibiotic resistance is vaguely defined and in 
practice would depend on specific antibiotic resistant patterns at a given institution. 
These same guidelines suggest a maximum of 5 days for children with adequate 
source control, but 7  days of intravenous antibiotics for the specific scenario of 
perforated appendicitis with intra-abdominal abscess [3]. However, the SIS’s Study 
to Optimize Peritoneal Infection Therapy (STOP-IT) from the same year found that 
continuing antibiotics beyond 4 days made no difference in rates of surgical site 
infection, intra-abdominal infection, or death at 30 days after source control [4]. 
This study involved all causes of intra-abdominal infection, although about 10% of 
the patients included in the trial had appendicitis. Despite these findings, common 
practice in many institutions is to start broad-spectrum antibiotics, such as 
piperacillin- tazobactam, immediately at diagnosis, and then make adjustments 
based on the severity of infection observed at surgery. For uncomplicated appendi-
citis, the 2017 Pediatric Infectious Disease Journal recommends switching to ampi-
cillin and gentamicin plus metronidazole or clindamycin, or ceftriaxone plus 
metronidazole until the patient tolerates oral antibiotics, followed by early discharge 
home on oral amoxicillin-clavulanate. For complicated appendicitis, the same jour-
nal recommends continuing piperacillin-tazobactam until the patient tolerates oral 
antibiotics [5]. At this author’s home institution, a pediatric hospital, patients receive 
broad-spectrum antibiotics upon diagnosis. During appendectomy, the disease is 
categorized as acute (limited to peri-appendiceal inflammation without gross 
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contamination of the peritoneal cavity), suppurative (contamination of the perito-
neal cavity), gangrenous (appendiceal wall necrosis), or gross perforation. These 
categories are very similar, but not identical, to the American Association of Surgery 
for Trauma (AAST)’s severity grades for appendicitis, which Hernandez et al. vali-
dated and found that increasing grade correlates with increasing complication sever-
ity in children [6]. Piperacillin-tazobactam is discontinued for appendectomy 
demonstrating acute disease or continued for increasing durations correlating to the 
severity of disease and guided by laboratory data, regardless of oral intake.

One of the main controversies in appendicitis treatment protocols is the adequacy 
of narrow-spectrum antibiotics versus the necessity of broad-spectrum antibiotics. 
General principles for antibiotic use allow initial narrow-spectrum antibiotics if 
there is a historically likely causative bacteria with known susceptibilities. If the 
offending pathogen is unknown or the infection is severe, treatment begins with 
broad-spectrum antibiotics and is narrowed based on later culture results. However, 
cultures are not routinely performed for appendicitis. Furthermore, causative bacte-
ria may be quite similar in the vast majority of cases. In a South Korean study of 
appendicitis, Song et al. found that 64.6% of the bacteria isolated from appendiceal 
lumens and intra-abdominal abscesses grew E. coli susceptible to most cephalospo-
rins, ciprofloxacin, and broad-spectrum penicillins. Only 16.4% of isolated bacteria 
were P. aeruginosa resistant to cefotaxime and broad-spectrum penicillins, and 
these were associated with increased risk of superficial surgical site infections [7]. 
A worldwide study by Coccolini et al. corroborated that most bacteria isolated from 
appendicitis patients are gram-negative, specifically E. coli. Gram-positive bacteria 
were less prevalent, the most common being Streptococcus. Only 6.3% of gram- 
negative and 0.1% of gram-positive bacteria demonstrated notable resistance to 
narrow-spectrum antibiotics [8]. Taken together, these studies suggest that the caus-
ative bacteria are often similar, and antibiotic resistance requiring broad-spectrum 
antibiotics is less common in patients with appendicitis.

In addition to resolving the primary appendiceal infection, antibiotics are most 
often used to reduce or prevent post-treatment complications, i.e. surgical site infec-
tions and intra-abdominal abscesses. For uncomplicated appendicitis, Cameron 
et al. compared three antibiotic regimens: cefoxitin, ceftriaxone plus metronidazole, 
or piperacillin-tazobactam. They found no difference in incisional or organ-space 
surgical site infections, returns to the hospital, readmissions, or cost within 30 days 
of operation [2]. It seems reasonable to assume that complicated appendicitis  – 
involving perforation and gross intra-abdominal contamination seen at the time of 
operation  – would be more likely to result in post-treatment complications and 
therefore benefit from longer and broader-spectrum antibiotic treatment. Upon 
investigating this idea, however, Kronman et al. found that with regard to 30-day 
hospital readmission or requirement of additional abdominal procedures, broad-
spectrum antibiotics (i.e., piperacillin-tazobactam, ticarcillin-clavulanate, ceftazi-
dime, cefepime, or carbapenem in this study) offered no advantage over 
narrower- spectrum antibiotics (not specifically named) in post-appendectomy 
patients with uncomplicated or complicated appendicitis. Unlike most other studies, 
this one expanded its definition of “complicated appendicitis” to include a hospital 
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stay greater than 3 days, requirement for central venous access, major or severe ill-
ness, or admission to an intensive care unit [9]. Another source of controversy that 
exists around antibiotic selection is the addition of an agent specifically targeting 
anaerobes. Shang et al. compared outcomes of perforated appendicitis treated with 
broad-spectrum antibiotics with and without the addition of metronidazole. This 
study found that metronidazole made no difference in the rate surgical wound infec-
tion, intra-abdominal abscess, or 30-day readmission when compared to broad- 
spectrum antibiotics alone. Additional outcomes that were unchanged by 
metronidazole included duration of intravenous antibiotics, hospital length of stay, 
and inflammatory markers on post-operative day 5 [10]. Taken together, these data 
suggest that narrow-spectrum antibiotics without anaerobic coverage are an ade-
quate choice in the treatment of both uncomplicated and complicated appendicitis 
(Table 6.1). Regardless, it is difficult to overcome the intuition that more severe 
infections warrant broader-spectrum antibiotics. This author’s home institution is a 
tertiary pediatric referral center that cares for a disproportionately higher percentage 
of complicated appendicitis. Current protocol directs all patients, except those with 
the mildest category of disease, to receive broad-spectrum antibiotics for at least 
12 hours post-operatively.

Aside from the spectrum of coverage, the other main variable in an antibiotic 
regimen is the duration of treatment. As previously mentioned, the SIS suggests 
giving antibiotics for 4–5 days in a patient with source control and up to 7 days in a 
patient without source control [3, 4]. However, these recommendations are for gen-
eral intra-abdominal infections. To determine the necessary antibiotic duration 

Table 6.1 Summary of findings regarding antibiotic selection

First 
author, 
year Treatment groups

Demographic, 
disease severity Primary outcomes Conclusion

Cameron 
D, 2017

Pip-tazo vs cefoxitin vs 
CTX + metronidazole

Pediatric, 
uncomplicated

30-day SSI 
(superficial, deep, 
organ space), 
returns to ED, 
hospital 
readmission

Extended 
spectrum not 
associated with 
decreased 
outcomes

Kronman 
M, 2016

Pip-tazo vs ticarcillin- 
clavulanate vs 
ceftazidime vs cefepime 
vs carbapenem

Pediatric, 
complicated and 
uncomplicated

30-day 
readmission for 
SSI or additional 
abdominal 
procedures

Extended 
spectrum offers 
no advantage

Shang Q, 
2017

Broad-spectrum alone vs 
broad-spectrum + 
metronidazole

Pediatric, 
perforated

Postoperative 
antibiotic duration, 
POD5 WBC/CRP, 
LOS, intra- 
abdominal abscess, 
wound infection

Metronidazole 
has no beneficial 
clinical effects

Pip-tazo  piperacillin-tazobactam, CTX  ceftriaxone, SSI  surgical site infection, ED  emergency 
department, POD  postoperative day, WBC  white blood cell count, CRP  C-reactive protein, 
LOS length of stay
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specifically for pediatric appendicitis, van Rossem et al. compared the rate of infec-
tious complications including surgical site infection, intra-abdominal abscess, and 
post-operative ileus in children with complicated appendicitis who received 3 ver-
sus 5 days of postoperative antibiotics, whether entirely intravenous or combined 
intravenous- oral. Their definition of “complicated” appendicitis included patients 
whose surgeons prescribed post-operative antibiotics for greater than 24 hours for 
any reason, which suggests a subset of patients thought to have more severe infec-
tion than average. They found no difference in infectious complications in groups 
receiving 3 days of postoperative antibiotics compared to 5 [11]. Taken together, 
these studies suggest that following appendectomy, antibiotics should not be contin-
ued after postoperative day 5 and may be stopped as early as postoperative day 3 
(Table 6.2).

Other questions related to antibiotic spectrum and duration include whether anti-
biotics are necessary after discharge from the hospital, and if the oral or intravenous 
route is superior. Generally, oral antibiotics are narrower spectrum and are given 
after control of the infectious source. In uncomplicated appendicitis, this typically 
means immediately post-operatively, after appendectomy. Patients with compli-
cated appendicitis may receive oral home antibiotics or may require intravenous 
home antibiotics (the latter is especially common if source control was not possible 
due to degree of perforation). In a study comparing rates of complications after 
discharge home on oral versus intravenous antibiotics for perforated appendicitis in 
post-appendectomy patients, Rangel et al. found that treatment failure (defined as 
organ-space infection requiring percutaneous or operative drainage) and all-cause 
hospital revisits or admissions (e.g., wound complications, bowel obstruction, intra-
venous catheter complications) were more frequent in patients receiving intrave-
nous home antibiotics [12]. This may have resulted from selection bias, since the 
patients determined likely to benefit from intravenous home antibiotics are usually 

Table 6.2 Summary of findings regarding antibiotic duration

First 
author, 
year Treatment groups

Demographic, 
disease severity Primary outcomes Conclusion

Sawyer 
R, 2015

Abx for 4 ± 1 day vs 
abx until 2 days after 
resolution of fever, 
leukocytosis, and ileus 
(maximum 10 days)

Adult, not 
specific to 
appendicitis

30-day SSI, 
recurrent 
intra-abdominal 
infection, death

No significant 
difference

van 
Rossem 
C, 2016

3 vs 5 days of 
postoperative abx

Pediatric and 
adult, 
complicated

SSI, intra- 
abdominal 
abscess, 
postoperative ileus

5 days not associated 
with reduced 
infectious 
complications

Kim D, 
2015

Postoperative abx vs 
no postoperative abx

Adult, 
gangrenous and 
perforated

Wound 
complications, 
LOS, hospital 
readmission

Postoperative abx 
associated with 
increased LOS but 
not decreased wound 
complications

Abx antibiotics
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those with more severe infections as determined by clinical criteria, such as intra-
operative findings, persistent fever, or leukocytosis during post-operative monitor-
ing. Although those authors minimize this disease severity-based confounding by 
matching patients with similar severity-associated characteristics, they acknowl-
edge the potential for residual effects. Importantly, the study did not show that intra-
venous home antibiotics reduced the rate of post-operative complications in 
perforated appendicitis, which suggests that even in very severe disease, systemic 
treatment with broad-spectrum antibiotics may not make a difference in complica-
tion rate.

While predetermined, evidence-based protocols for antibiotic selection and tim-
ing are useful starting points, an often-employed adjunct is to allow patients’ clini-
cal features to guide development of individualized antibiotic regimens. For 
example, a patient with post-operative fever and/or leukocytosis may be deemed 
still acutely ill and thus receive a longer antibiotic duration. Evidence supporting 
use of persistently elevated serum inflammatory markers such as white blood cell 
count (WBC) and the acute phase reactant C-reactive protein (CRP) are conflicting. 
The previously mentioned STOP-IT trial suggests that a prolonged systemic inflam-
matory response syndrome after 4 days may be reflective of simply ongoing immune 
activity and not necessarily indicative of ongoing bacterial presence [4]. However, 
other studies, including work from Assarsson et al., found a significant correlation 
between improvement in WBC and CRP within 24 hours of starting antibiotics and 
improvement of clinical disease. The correlation between resolution of fever and 
resolution of disease was not significant (p  =  0.06) [13]. Procalcitonin (PCT) is 
another acute phase reactant that has shown promise as a marker of specifically 
bacteria-induced inflammation and systemic shock. There is especially a fast- 
growing support for use of elevated serum PCT levels as an indicator to continue 
antibiotics in lower respiratory bacterial infections like bronchitis and pneumonia, 
while de-escalating or stopping antibiotics based on decreasing PCT levels improves 
respiratory and ICU outcomes [14]. Theoretically, PCT levels could also aid in tai-
loring individualized antibiotic regimens for intra-abdominal bacterial infections, 
but existing data in this context is new and therefore meager. Assarsson et al. com-
pared PCT levels in appendicitis patients who were clinically responding to antibi-
otics versus PCT levels in patients who were deemed antibiotic non-responders, but 
they found no difference in these groups, concluding that PCT is not a useful predic-
tor of antibiotic response [13]. Similarly, Slieker et  al. queried whether elevated 
serum PCT levels might help identify patients with peritonitis who are likely to 
develop postoperative complications but found that PCT levels did not correlate to 
differences in required antibiotic duration, hospital length of stay, rate of postopera-
tive complications, or death [14]. However, conclusions about PCT levels in the 
specific context of intra-abdominal infections and appendicitis are at best unde-
fined, and this topic may be of interest for future study. Meanwhile, despite a lack 
of definitive supporting evidence, post-operative fever, leukocytosis, and elevated 
CRP remain widely trusted indicators of ongoing infection. If the patient in the case 
study were a current patient at this author’s home institution and had a WBC greater 
than 15 on post-operative day 3, she would receive further intravenous antibiotics. 
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If she were still febrile on the evening of post-operative day 2, her WBC would not 
be checked until she had been afebrile for 24 hours.

Because appendicitis is an inflammatory condition with associated infection, anti-
biotics have long been commonplace in the care of patients with this disease, prompt-
ing continued debate over the details. These details include the previously discussed 
broadness of coverage, route of administration, and duration. However, with current 
efforts to decrease bacterial development of antibiotic resistance by reducing antibi-
otic usage, it is interesting to consider whether the diagnosis of appendicitis really 
warrants antibiotic treatment at all. In a randomized controlled trial, Park et al. treated 
computed tomography-verified, uncomplicated appendicitis in adults with either 
intravenous second-generation cephalosporin plus metronidazole or supportive care 
and intravenous vitamins for 4 days. This study found that between treatment groups, 
there was no difference in requirement of drainage, surgery, or further antibiotics 
within 1 month. Additionally, patients in the supportive care group had decreased 
length of hospital stay and overall cost [15]. However, in 2017, a meta-analysis 
involving pediatric patients with uncomplicated appendicitis found that non-opera-
tive management with antibiotics resulted in increased hospital readmissions, con-
cluding that appendectomy at the time of index admission is still the treatment of 
choice in this population [16]. Interestingly, a study investigating the necessity of 
post-operative antibiotics for complicated appendicitis in adults by Kim et al. also 
found no difference in hospital readmission or superficial or deep surgical site infec-
tion. The finding of decreased length of hospital stay for patients not receiving anti-
biotics continued to hold true for the adult complicated appendicitis cohort [17]. 
Similar studies are currently ongoing at major academic centers in the United States.

 Conclusions

Although appendicitis is considered a classic surgical diagnosis, and the frequency 
at which surgeons encounter it makes its management one of the foremost items in 
training surgeons’ repertoires, there still exists wide, often institution-specific varia-
tion in its treatment. Regardless of the antibiotic regimen or protocol used, the guid-
ing principle remains to reduce broadness of coverage, invasiveness of administration, 
and duration as much as possible while still minimizing these patients’ post- 
operative morbidity. Despite sometimes conflicting or unclear data, our best recom-
mendation based on the available literature is to treat all appendicitis, regardless of 
severity, with narrower-spectrum antibiotics for 3 days postoperatively, unless per-
sistently elevated WBC and/or CRP suggest the patient may benefit from extending 
the treatment for a maximum of 5 total days.

Clinical Pearls

• Initiate antibiotics in a timely fashion following diagnosis.
• Reduce the broadness and duration of antibiotics as much as possible.
• WBC and/or CRP level may aid in deciding when to discontinue antibiotics.
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7Non-operative Management 
of Uncomplicated Appendicitis

Leo Andrew Benedict and Shawn D. St. Peter

Case Example
A 13-year-old boy presents with a 1 day history of abdominal pain that localized to 
the right lower quadrant. On physical exam he has signs and symptoms consistent 
with acute appendicitis. His laboratories reveal a white blood cell count of 12,000 
per cubic millimeter of blood. He has an ultrasound performed which does not show 
any evidence of perforation, and no fecalith is visualized. The family asks whether 
there is an alternative to surgical appendectomy.

 Introduction

Appendicitis remains the most common surgical emergency in children with a life-
time risk of 7–8% and a peak incidence in the teenage years [1]. In the United 
States, the standard of care for children diagnosed with acute appendicitis is to 
perform a laparoscopic appendectomy. Approximately 60,000 and 80,000 pediatric 
appendectomies are performed each year, with an average cost of approximately 
$9000 [2]. The morbidity rate varies from 5% to 30%, with higher rates reported in 
cases of perforated appendicitis [3–6], defined as either a hole in the appendix or a 
fecalith in the abdomen during the operation [7]. Major complications associated 
with an appendectomy include surgical site and organ-space surgical site infections, 
adhesive small bowel obstruction, hospital readmissions, and reoperation. Minor 
complications include superficial surgical site infections, urinary retention, and uri-
nary tract infections. Efforts to avoid both major and minor complications associ-
ated with appendectomy include the use of antibiotics to manage children with 
uncomplicated appendicitis. There has been growing evidence regarding the use of 
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non-operative management (NOM) for both adults and children with uncomplicated 
appendicitis. In this chapter, we will review the current evidence for NOM in 
children.

 Discussion

Managing children diagnosed with uncomplicated appendicitis without an appendec-
tomy is a treatment option that has gained significant traction in the past few years 
among both providers and patient families. Despite the relatively low-risk implica-
tions of performing an appendectomy, it requires general anesthesia and is an abdomi-
nal operation with inherent risks. Complications related to surgery or anesthesia occur 
in more than 10% of children within 30 days of appendectomy [8]. Even with current 
imaging methods, 6.3% of children in Canada and 4.3% in the United States undergo-
ing appendectomy are subsequently found to have a normal appendix [9].

Several adult trials demonstrate the benefit of using NOM for non-perforated 
appendicitis [10–16]. These trials show the early success rate of NOM to be approxi-
mately 90%. However, this falls to approximately 70% at 1 year, with the risk there-
after unknown [17]. These studies demonstrate similar rates of perforation and fewer 
complications when compared to patients undergoing an appendectomy. Furthermore, 
patients undergoing NOM exhibit improved pain control, shorter sick leave, but 
increased recurrence rates when compared to initial appendectomy [17, 18]. A recent 
systematic review and meta-analysis found a longer hospitalization stay with antibi-
otic treatment but also found an incidental malignancy rate of 0.6% [17]. While this 
is a lower concern in children, it still exists as we have documented an unsuspected 
carcinoid in 0.2% of appendectomy specimens in children [19]. The adult literature 
has identified several predictors for failure of NOM. These include the presence of an 
appendicolith, a phlegmon or abscess on imaging, an elevated white blood cell 
(WBC) count >18,000 or CRP >4 mg/dl, and abdominal pain for more than 48 hours 
[10–16]. Adult patients wishing to undergo NOM for acute appendicitis with any of 
these predictors should be counseled on the increased failure rate.

In children with appendicitis, the literature is a little less mature for NOM 
(Table 7.1) [20–29]. A pilot randomized trial performed in Sweden included 26 oper-
ative patients and 24 non-operative patients and showed a success rate of 92% at 
discharge and 62% at 1 year [27]. Furthermore, at 1 year follow-up, there was no 
increased risk of complications and similar costs among children managed non- 
operatively. A second trial published from Japan was a patient choice trial from 2007 
to 2013 in which 78 patients chose NOM and 86 patients elected to undergo surgery 
[28]. With a median follow-up of 4.3 years, the success rate for NOM was 99% at 
discharge and 71% at median follow-up. However, 29% of patients electing for NOM 
had a recurrence at 1 year. There was no difference in the operative time or rates of 
postoperative complications between the two groups. In a feasibility study, 24 
patients between the ages of 5 and 18 years old with less than 48 hours of symptoms 
were enrolled and compared to 50 controls [23]. At an average follow-up of 
14 months, 3 of the 24 patients failed on NOM, and 2 of 21 patients returned with 
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recurrent appendicitis at 43 and 52  days, respectively. Furthermore, two patients 
elected to undergo an interval appendectomy despite the absence of symptoms. The 
appendectomy-free rate at 1 year was 71% with no patient developing perforation or 
other complications. The hospital costs from this study decreased from $4130 to 
$2771 [23].

Finally, a prospective single-institution patient choice trial was performed in the 
United States that enrolled 102 children who met specific clinical inclusion criteria 
[26, 30]. These criteria were 7–18 years of age, less than 48 hours of abdominal 
pain, WBC less than 18,000 cells per microliter, and US or computed tomography 
(CT) scan identifying an appendix less than 1.2 cm in diameter without an appendi-
colith, abscess, or phlegmon. If a patient decides to undergo surgery, they receive an 
urgent laparoscopic appendectomy. Patients who chose non-operative management 
were hospitalized for at least 24 hours to receive intravenous antibiotics. They were 
given a diet after 12 hours; if at 24 hours they had no clinical improvement, they 
underwent laparoscopic appendectomy. Of the 102 enrolled patients, 65 elected for 
surgery, and 37 elected for NOM with antibiotics alone. The success rate for NOM 
was 93% at hospital discharge, 90% at 30-day follow-up, and 76% at 1 year [30]. In 
analyzing quality-of-life scores at 30  days, patients treated with NOM reported 
higher scores and fewer disability days. Furthermore, the authors demonstrated 
lower overall costs, no treatment-related complications, or rates of complicated 
appendicitis at 1 year for patients electing for NOM. The patient preference design 
has been expanded through the Midwest Pediatric Surgery Consortium to enroll 
1000 patients in a funded trial.

Based on the previously described studies [27, 30], there is currently an interna-
tional, multicenter, randomized trial to evaluate NOM for children with acute 
appendicitis (Fig. 7.1). This ongoing trial across 12 children’s hospital in the United 
States, Canada, and Europe will be the largest randomized study to evaluate antibi-
otic treatment of acute appendicitis in children. In this trial, the inclusion criteria are 
age 5–16 years old, clinical and/or radiological diagnosis (US and/or CT scan) of 

Table 7.1 Existing literature for non-operative management of acute uncomplicated appendicitis 
in children

Study
Year of 
publication Study design

Children enrolled  
in non-operative 
management

Minneci et al. 2016 Prospective parent preference- based 
trial

30

Hartwich et al. 2016 Prospective parent preference- based 
feasibility trial

24

Tanaka et al. 2015 Non-randomized retrospective cohort 78
Steiner et al. 2015 Non-randomized prospective cohort 45
Svensson et al. 2015 Pilot randomized control trial 24
Gorter et al. 2015 Non-randomized prospective cohort 25
Koike et al. 2014 Retrospective cohort 130
Armstrong et al. 2014 Non-randomized retrospective cohort 12
Abes et al. 2007 Retrospective cohort 16
Kaneko et al. 2004 Prospective cohort 22
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acute non-perforated appendicitis, and written informed parental consent. Exclusion 
criteria include presentation with an appendiceal mass or phlegmon (on physical 
examination and/or imaging), suspicion of perforated appendicitis, NOM (two or 
more doses of IV antibiotics) initiated at an outside institution, previous episode of 
appendicitis treated non-operatively, positive pregnancy test, diagnosis of cystic 
fibrosis, and current treatment for malignancy.

The ability to establish risk factors for failure of NOM remains essential for 
appropriate patient selection. Published reports in the literature suggest that an 
appendicolith is an adverse indicator for successful NOM [31, 32]. A prospective 
study evaluating the utility of NOM in children with acute appendicitis identified 
47% (9/19) of patients with an appendicolith failing NOM compared to 24% (14/59) 
of patients without an appendicolith (p = 0.05) [28]. Furthermore, a small prospec-
tive, nonrandomized trial in children aged 7–17  years old was terminated early 
because 60% (3/5) of patients with an appendicolith failed NOM at a median follow-
 up of 5 months [32]. These findings indicate that parents or caregivers considering 
NOM for their child with an appendicolith should be educated on the reported failure 
rates. The available data does suggest that antibiotics alone for children found with 
an appendicolith on imaging may not be effective for treating acute appendicitis.

Misconceptions from both parents and caregivers that a delay in performing an 
appendectomy leads to a greater likelihood of developing perforated appendicitis 
have challenged the framework for NOM [33]. However, it has been shown that 
delaying appendectomy doesn’t increase the risk of complications [34]. Furthermore, 
the increased public awareness of NOM for children with acute appendicitis is 
slowly improving, and we expect this treatment modality to gain significant traction 
as more studies show its benefit.

Inclusion criteria met

Informed consent obtained

Randomized for non-
operative management?

Non-operative management
• Fluid resuscitation

• Clear liquid diet, advance as 
  tolerated

• Broad spectrum antibiotics; IV
  antibiotics for a minimum of
  12 hours 

Appendectomy
• Fluid resuscitation, NPO
  and initiation of broad
  spectrum antibiotics

• Proceed to the operating
  room for appendectomy

• Perforated: Minimum 3
  days of IV antibiotics.
  Discharge once criteria met.

• Normal appendix or non-
  perforated : no further
  antibiotics and discharge
  once criteria met.

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control, mobile.    

• Prescription for oxycodone
   (0.15mg/kg) every 4 hours
   as  needed for 10 doses.
   Tylenol  and Motrin every
  6 hours at  home as needed
   for pain. 

Rounds day 2*

YESNO

Same/Worse

Rounds day 1

Clinical
Improvement

Worse

Same

• Appendectomy• Appendectomy • Assess patient for discharge

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control

• Total antibiotic course of 10
  days

• Assess patient for discharge

• Discharge criteria: vital
  signs within normal limits,
  tolerating light diet, adequate
  oral pain control

• Total antibiotic course of 10
  days

Clinical
Improvement

* Parent or caregiver can opt out of non-operative management and
proceed with appendectomy

Fig. 7.1 Clinical flowchart for the current international, multicenter, randomized trial to evaluate 
the non-operative management for children with acute appendicitis
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A second challenge for NOM in children with acute appendicitis relates to parents 
and caregivers developing a clear understanding of the disease process in order to 
make an informed management decision. A published feasibility study which included 
100 participants highlighted the knowledge gap regarding the perception of appendi-
citis. Caregivers and patients greater than 15 years of age were questioned before and 
after an education session about their understanding of appendicitis. Eighty-two per-
cent of participants thought it was likely or very likely that the appendix would rup-
ture if the operation was delayed. In addition, the participants also acknowledged that 
a rupture of the appendix would lead to severe complications and even death. This 
study highlights the importance of patient and caregiver education which will improve 
the capacity to make decisions on alternative treatments for acute appendicitis [33].

The major limitation of the data on NOM is the inadequate long-term follow-up 
for children, making it difficult to fully assess the failure rate. Furthermore, many of 
the studies evaluating NOM for children with acute appendicitis have a variable 
duration of antibiotic therapy and length of hospital stay. To counteract these limita-
tions, future cohort studies and prospective clinical trials need to establish core 
parameters during the study period so that clinical outcomes can be universally 
measured for comparison.

 Conclusion

Based on the current body of literature utilizing the non-operative approach for 
children with acute uncomplicated appendicitis, the use of antibiotics is a reason-
able treatment alternative to surgery in well-selected patients. Parents and caregiv-
ers should be educated on the potential benefits and risks for this approach. In 
addition, providers should be fully aware of the risk factors that increase the failure 
rate for NOM.

Clinical Pearls

• NOM of uncomplicated appendicitis appears to be a reasonable alternative to 
surgery in select patients.

• The presence of a fecalith or elevated laboratories is associated with a lower 
likelihood of successful NOM.

• Caregiver and patient family education regarding the pathophysiology of appen-
dicitis are crucial prior to recommending NOM.
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Case Example
A 10-year-old girl presents to the emergency department with her parents complain-
ing of 5 days of right lower quadrant abdominal pain. She has been intermittently 
febrile at home to 38.5 °C and she has a leukocytosis of 16.1 × 109/L. On examina-
tion, she is noted to have a palpable mass in the right lower quadrant, which is 
confirmed on ultrasound to be a 3 × 3 cm abscess, likely due to perforated appendi-
citis. She is admitted, placed on intravenous antibiotics until resolution of her fevers 
and improvement of her abdominal pain and leukocytosis. She is then discharged 
home on oral antibiotics once tolerating a diet. She is scheduled to return to clinic 
for evaluation for interval appendectomy.

 Introduction

Acute appendicitis has a spectrum of presentations, from simple inflammation of 
the appendix to perforation with gross fecal contamination. Complicated appendici-
tis itself includes a wide spectrum, from gangrenous to perforated, with the possibil-
ity of the development of an associated phlegmon or abscess or with diffuse 
peritonitis. The incidence of perforated appendicitis in the pediatric population is 
approximately 30% [1]; this number has even been estimated as high as 38.7% in 
other studies, with the finding that up to 65.8% of pediatric patients under age 
4 years will present with perforation [2]. Once perforated, the course of care is com-
plicated by a longer length of stay, longer duration of antibiotics, and greater 
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financial expense as compared to non-complicated acute appendicitis [2]. In addi-
tion to the variable course of complicated appendicitis, there is significant provider 
variability in the management of this disease process. Multiple studies have 
described the benefits of early appendectomy, even in the setting of complicated 
appendicitis [3–13]. However, non-operative therapy can also be effective in the 
management of complicated appendicitis and in certain circumstances should be the 
preferred approach. In this chapter, we will explore the non-operative management 
of complicated pediatric appendicitis and provide treatment recommendations for 
practice.

 The Role for Non-operative Management

The optimal treatment of complicated appendicitis (gangrenous or perforated plus 
or minus an associated phlegmon or abscess) remains controversial. A 1981 study 
by Jordan et al. of 45 patients presenting with an abdominal or pelvic mass with 
appendicitis demonstrated a 33.7% complication rate in the 90.5% of patients who 
underwent appendectomy within 24 hours of admission (primarily wound infec-
tions) [3]. Despite this, multiple studies are in support of early appendectomy, even 
in patients presenting with complicated appendicitis who are at higher risk of com-
plications. Blakely et al., in a 2011 study of 131 patients with perforated appendici-
tis without mass or abscess, randomized patients to early appendectomy (within 24 
hours of admission) versus initial non-operative management with interval appen-
dectomy (within 6–8 weeks); they found adverse events in 30% of early appendec-
tomy patients as compared to 55% of interval appendectomy patients, as well as a 
reduced time away from normal activities for early appendectomy patients in addi-
tion to a 34% failure rate for patients randomized to the interval appendectomy 
group due to failure to improve or recurrent symptoms of acute appendicitis [5]. In 
light of these findings, they suggested that early appendectomy was better than non- 
operative management with interval appendectomy [5]. The results of this single 
randomized trial have dominated the recommendations of multiple meta-analysis 
studies and led to the recommendation of early appendectomy for complicated 
appendicitis [9, 10]. Retrospective reviews have also found that early appendectomy 
is associated with decreased length of stay, morbidity, and overall complications [4, 
7, 8, 12, 13], as well as lower hospital costs and healthcare utilization as compared 
to non-operative management with interval appendectomy [6, 11].

Despite the findings of these studies, there has also been ample evidence to sup-
port a trial of non-operative management for complicated appendicitis in certain 
patients. As early as 1980, Janik et al. described an ultraconservative approach to 
non-operative management of late-presenting complicated appendicitis in which 37 
children were observed in the hospital without antibiotic management until they had 
improvement in symptoms; 81% of the children demonstrated clinical improvement 
in 5–22 days, and only 19% required abscess drainage within 2–10 days of presen-
tation, with only 1 child presenting with recurrent symptoms [14]. They concluded 
that non-operative management without antibiotics is safe with close observation 
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and that interval appendectomy can be performed up to 20 weeks after symptom 
resolution [14]. In 1981, Powers et al. described non-operative or conservative man-
agement of perforated appendicitis with interval appendectomy 4–6 weeks later if 
there was good clinical response and described good safety with this approach; 
however, they cautioned that if there was no clinical improvement on antibiotics 
within 12–24 hours, then appendectomy was indicated at that time [15]. Skoubo- 
Kristensen and Hvid, in 1982, described a series of 193 adult and pediatric patients 
with an appendiceal mass or abscess treated over a period of 10 years with non- 
operative management; they found an 88% success rate with non-operative manage-
ment, with a 7.1% recurrence rate over a 3-month period [16]. They felt that patients 
presenting with appendicitis with an appendiceal mass were successful in most 
patients, with low complication rates for interval appendectomy [16]. In 1987, Bagi 
and Dueholm described using non-operative management with intravenous antibi-
otics and percutaneous drainage if there was a verified abscess which could be 
safely drained for patients presenting with appendicitis with an appendiceal mass 
[17]. They found that non-operative management was safe, with relatively few com-
plications or late sequelae; patients do, however, require close monitoring upon 
discharge [17].

These early studies laid the groundwork for future work describing successful 
non-operative management of complicated appendicitis. One aspect to consider is 
whether the patient is presenting simply with a perforated appendicitis or whether 
they are presenting with a perforated appendicitis with a well-formed appendiceal 
mass or abscess. A number of studies have examined the success of conservative 
management with initial intravenous antibiotics with the addition of percutaneous 
drainage if possible in the treatment of perforated appendicitis with a well-defined 
abscess or mass [18–29]. In a large study of 427 children presenting with abdominal 
mass with appendicitis at three children’s hospitals, 16 underwent immediate appen-
dectomy and 411 were treated conservatively; the authors described an 84.2% suc-
cess rate of initial non-operative management, with a median length of stay of 
6 days. The complication rate following interval appendectomy 4–6 weeks later was 
only 2.3% [19]. Roach et al., in a study of 92 pediatric patients with complicated 
appendicitis and an intra-abdominal abscess or phlegmon, where 60 were taken 
immediately to the operating room and 32 were treated with intravenous antibiotics 
and abscess drainage followed by interval appendectomy around 6  weeks later, 
found that the conservative management group demonstrated no difference in length 
of stay and no readmissions, while there were 6 readmissions in the immediate 
operation group; they concluded that patients presenting with more than 5 days of 
symptoms with a well-defined mass or abscess could be successfully treated with 
antibiotics and drainage when possible [22]. These and other similar studies support 
the use of non-operative management for pediatric patients presenting with appen-
dicitis with an associated appendiceal mass or abscess, with good success rates and 
minimal complications as compared to those patients undergoing immediate or 
early appendectomy.

The success of non-operative management extends beyond the treatment of 
patients presenting with appendiceal mass or abscess, however. Successful 
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non- operative management has also been described in groups of patients presenting 
with complicated appendicitis with no distinction based on the presence or absence 
of appendiceal mass or abscess [30–36], as well as in mixed populations of patients 
presenting with and without abscess or mass [37–40]. A 2003 study of 96 children 
being treated for perforated appendicitis, where 71 underwent immediate appendec-
tomy and 25 were treated initially non-operatively with antibiotics and percutane-
ous drainage if necessary, demonstrated a success rate of 64%; however, in the 9 
children who required earlier appendectomy (after 3–12 days), those patients had 
fewer wound complications and abscesses postoperatively compared to those 
patients undergoing immediate appendectomy, therefore favoring initial delayed or 
non-operative management [37]. Vane and Fernandez compared 86 children pre-
senting with complicated appendicitis based on those undergoing immediate appen-
dectomy within 72 hours (59 children) and those undergoing initial non-operative 
management with interval appendectomy (27 children); they found that the length 
of stay was 4.9 days for the immediate group and 4.1 days for the interval group plus 
an additional 0.9 days for the interval appendectomy and that all of the complica-
tions occurred in the immediate appendectomy group, further supporting the use of 
non-operative management in complicated appendicitis [31]. In a 2013 study of 
children presenting with complicated appendicitis being treated non-operatively, 
the authors expanded the criteria for non-operative management to include almost 
anyone beyond those presenting with simple appendicitis; they found the average 
length of stay to be 5.6 days, and only 4.9% required appendectomy prior to dis-
charge for failure to improve [40]. In a meta-analysis comparing conservative treat-
ment of complicated appendicitis versus immediate appendectomy, Simillis et al. 
looked specifically at studies pertaining to the pediatric population and demon-
strated that as compared to conservative management, pediatric patients undergoing 
immediate appendectomy had more complications, including wound infections and 
intra-abdominal abscesses, with no difference in the initial length of stay, the rate of 
ileus or small bowel obstruction, or the need for reoperations; this large meta- 
analysis further supports the use of non-operative management in pediatric patients 
presenting with complicated appendicitis [41]. All of these studies taken together 
support a careful use of a trial of initial non-operative management, including intra-
venous fluid resuscitation, intravenous antibiotics, and percutaneous drainage if 
possible for complicated appendicitis, regardless of whether or not there is a well- 
formed abscess or mass at the time of presentation.

 The Cost of Non-operative Management

When comparing initial non-operative management to early appendectomy, the 
hospital-related costs must also be taken into account. The majority of studies report 
that early appendectomy is associated with decreased costs as compared to interval 
appendectomy following non-operative management [6, 8, 11, 24, 42]. A study by 
Darwazeh et al. in 2016 found that interval appendectomy prevents a recurrence in 
only one of eight patients (pediatric and adult); therefore significant additional 
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operative costs are being used for a diminishing return [42]. Dennett found that 
while the total hospital costs were greater for the non-operative management group, 
the indirect costs to patients and their families were not significantly greater [8]. 
While Keckler et al. support a trial of non-operative management with antibiotics 
and possible percutaneous drainage, they did advise that this treatment methodol-
ogy can be related to an increased number of visits, and increased CT scans, leading 
to overall increased costs [24].

One author encouraged continued non-operative management instead of interval 
appendectomy if the non-operative success rate is estimated to be 60% or greater, as 
the potential costs of repeat admissions and procedures did not outweigh the cost 
associated with routine interval appendectomies [43]. Similarly, a 2014 study ques-
tioned the usefulness of routine interval appendectomy, as only 12% of patients in 
the study developed recurrent appendicitis, and this could lead to significant poten-
tial cost savings [26].

 The Role for Patient Selection in Non-operative Management

Proper patient selection for non-operative management is key to its success. Patients 
presenting with diffuse peritonitis or a short duration of symptoms are typically bet-
ter served by early operative management [4, 23, 38, 44]. However, those patients 
presenting with a longer duration of symptoms (typically greater than 5 days) and 
no diffuse peritonitis may be candidates for non-operative management [22, 23]. 
Additionally, those patients presenting with a palpable mass or visualized abscess 
on imaging are typically better candidates for non-operative management [45].

The key to successful non-operative management is to attempt to identify those 
patients who will likely fail non-operative management early in the course of their 
treatment. Multiple studies have been done to attempt to identify risk factors which 
may contribute to the failure of non-operative management [34, 35, 38, 39, 45–48]. 
In a 2001 study, Kogut et al. found that 22% of children being treated non- operatively 
for perforated appendicitis failed to improve on antibiotics and went on to appen-
dectomy; they found that the white count differential, and in particular bandemia 
>15%, was correlated with treatment failure and future complications [47]. 
Talishinskiy et al. similarly found that bandemia >15% was associated with non- 
operative treatment failure [35], and Whyte et al. demonstrated that a higher per-
centage of bands on admission white count differential was predictive of failure 
[48]. The presence of an appendicolith on initial imaging is also predictive of treat-
ment failure, as described in multiple studies [25, 34, 44, 46]. In a 2005 study, Ein 
et al. described a recurrence rate of 72% for patients with an appendicolith, as com-
pared to 26% with no appendicolith [44]. Nazarey et al. described the presence of 
an appendicolith along with a leukocytosis >15, or patients presenting with more 
than 2 days of symptoms, was associated with treatment failure [34]. Zhang et al., 
interestingly, found that not all patients with an appendicolith on initial imaging 
failed non-operative therapy, as most appendicoliths which are present on the admis-
sion imaging will resolve; however, if the appendicolith persists on subsequent 
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imaging, this is a risk factor for non-operative treatment failure [25]. Other predic-
tors of non-operative treatment failure include lack of an abscess on admission 
imaging [46], evidence of disease extension beyond the right lower quadrant on 
admission imaging [39], requiring percutaneous drainage of an intra-abdominal 
abscess [38], and lack of fever response within 24 hours of initiation of treatment 
[48]. If these risk factors are not present, it is possible that patients will have greater 
success with non-operative management. It is important to make the decision early 
in the patient’s presentation as to whether or not they will be a good candidate for 
non-operative management, as failure of non-operative management can lead to 
significant complications.

 The Role for Antibiotic Selection in Non-operative 
Management

While individual hospitals or providers may have their own protocols for the non- 
operative management of complicated appendicitis, management typically is begun 
with fluid resuscitation, as well as initiation of broad-spectrum antibiotics.

Multiple antibiotic regimens have been described [4, 5, 11, 12, 30, 40, 49]. The 
classic starting regimen of intravenous antibiotics for perforated appendicitis 
includes the triple therapy of ampicillin, gentamicin, and clindamycin or metronida-
zole [4, 31]. Studies have since demonstrated efficacy with other antibiotic combi-
nations such as ceftriaxone and metronidazole, which is felt to be less costly with 
no difference in length of stay or the rate of postoperative complications [4, 50, 51], 
or ticarcillin/clavulanate plus gentamicin, which was found to be clinically more 
effective than the traditional triple therapy [4, 52]. The use of piperacillin- tazobactam 
plus or minus metronidazole has also been described [40, 49]. Bufo et al. in 1998 
described treatment with ceftazidime and clindamycin, with a non-operative failure 
rate of 17% [30].

The ideal antibiotic for discharge home has also been explored. Interestingly, 
higher numbers of treatment failures have been identified in patients remaining on 
intravenous antibiotics via a peripherally inserted central catheter (PICC) line upon 
discharge home. The treatment failures and revisits are thought to be due in part to 
complications arising from the PICC line [53]. Oral antibiotics which have been 
used with successful discharge include amoxicillin/clavulanate with metronidazole 
[40] and trimethoprim-sulfamethoxazole with metronidazole [23, 31].

 The Role for Percutaneous Drainage in Non-operative 
Management

If an abscess is identified on admission imaging or the patient has a palpable mass 
on physical examination, percutaneous drainage can be a valuable addition to the 
success of non-operative management. Even starting as early as 1987, practitioners 
were abdicating for non-operative management in complicated appendicitis with 
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abscess, including percutaneous drainage of the abscess if possible [17]. A 2016 
study by Luo et al. included 1225 pediatric patients with appendiceal abscess under-
going non-operative management; 150 underwent percutaneous drainage (2.2%), 
whereas 1075 (97.8%) were treated with antibiotics alone and no percutaneous 
drainage. The patients who underwent percutaneous drainage had a longer length of 
stay, but less recurrences and fewer complications following interval appendectomy 
if it was performed; the authors concluded that antibiotics plus percutaneous drain-
age was more effective treatment for appendiceal abscess than antibiotics alone 
[29]. McNeeley et al. similarly described significant symptom improvement with 
percutaneous drainage; however, they did find that more complicated abscesses had 
a higher rate of technical failure or possible subsequent recurrence or complications 
[54]. Roach et al., in a study of 92 pediatric patients with complicated appendicitis 
with intra-abdominal abscess in which 32 patients had percutaneous drainage and 
treatment with intravenous followed by oral antibiotics and 60 patients were taken 
immediately to the operating room, found that those patients undergoing non-oper-
ative management with interval appendectomy at a later date had no difference in 
length of stay and an improved readmission profile as compared to the immediate 
appendectomy group; they therefore support percutaneous drainage and interval 
appendectomy in patients who present with prolonged symptoms and a discrete 
abscess or phlegmon [22]. In a 2010 study, St. Peter et al. randomized children pre-
senting with appendiceal abscess to early appendectomy or percutaneous drainage 
with antibiotics and an interval appendectomy; they found that 11 of 20 patients had 
successful placement of percutaneous drain, and three patients had aspiration of the 
abscess with no drain left (six patients had an abscess not amenable to drainage). 
The patients who were successfully drained had a quick return to regular diet as 
well as a shorter operation as compared to the early appendectomy group [55].

Depending on the size of the abscess, it is possible that no percutaneous drainage 
is necessary and that intravenous antibiotics alone are sufficient for treatment. In a 
2013 study, Gasior et al. performed a retrospective review of 217 children presenting 
with appendiceal abscess with perforated appendicitis. They found that abscess less 
than 20 cm2 may be successfully treated with antibiotics alone and no percutaneous 
drainage [56]. In a 1991 study, Hoffmann et al. described a series of 28 patients in 
which abscess drainage was avoided and the patients were treated with intravenous 
antibiotics and observation alone; there were no in-hospital complications, with a 
median stay of 10 days and only one patient presenting with recurrent appendicitis 
and one with recurrent abscess [18]. This suggests that it may be possible to treat 
complicated appendicitis with abscess with intravenous antibiotics alone.

 The Role for Performance of Interval Appendectomy  
in Non- operative Management

Early supporters of non-operative management for complicated appendicitis 
included the recommendation for interval appendectomy anywhere from 4 to 
20  weeks following resolution of acute appendicitis [14, 15]. Recent practice 
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guidelines for perforated appendicitis found that the risk of recurrence is approxi-
mately 8–15% (or 1–3% per year) and therefore made an argument for interval 
appendectomy [57]. Multiple other studies have supported interval appendectomy 
after successful non-operative management to prevent recurrence (especially in 
patients with appendicolith, the presence of which significantly increases the risk of 
recurrent appendicitis) and to rule out other pathologies such as carcinoid tumor 
[19–22, 31, 33, 37, 44, 58, 59]. A handful of studies have examined the histopathol-
ogy of interval appendectomy specimens and have found that the rate of an obliter-
ated appendiceal lumen is relatively low, which leaves the patient at increased risk 
of recurrent appendicitis since we are unable to determine whether or not the appen-
dix lumen is obliterated without removing the specimen surgically [20, 33, 58].

Conversely, there have been multiple studies in recent years arguing against the 
routine performance of interval appendectomy following successful non-operative 
management of complicated appendicitis for all patients. Significant findings in 
these studies include a low risk of recurrence [42, 60–62], the associated costs with 
routine interval appendectomy [6, 26, 42, 43], and a lack of superiority evidence for 
interval appendectomy [63], in addition to the psychosocial impact on the patient 
and their family [64].

 Conclusions

The optimal treatment of complicated appendicitis remains controversial. Whereas 
clinical practice guidelines have been developed for the operative management of 
perforated appendicitis with the ability to decrease resource utilization and improve 
patient outcomes [65, 66], the same has not yet been done for the non-operative 
management of perforated appendicitis. See Fig. 8.1 for a recommended treatment 
algorithm. Patients presenting initially with a short duration of symptoms (<5 days) 
or diffuse peritonitis should proceed to the operating room for early appendectomy 
following initiation of fluid resuscitation and broad-spectrum antibiotics. If, how-
ever, there is no diffuse peritonitis on exam and symptoms have been present for 
>5 days, the patient is potentially a candidate for non-operative management.

Patients should be adequately resuscitated with intravenous fluids and started on 
broad-spectrum intravenous antibiotics (preferably ceftriaxone/flagyl) while kept 
initially NPO. If there is an abscess present on imaging which is >20 cm2 and ame-
nable to percutaneous drainage, this should be performed by interventional radiol-
ogy. If there is no abscess and only phlegmon, or the abscess is <20 cm2, treatment 
should continue with intravenous antibiotics alone. Close clinical monitoring is nec-
essary at the outset of non-operative treatment to identify those patients who are 
failing non-operative therapy. If there is no clinical improvement (decreased abdom-
inal pain, improving leukocytosis, reduced fevers) within the first 24–48 hours, non- 
operative management should be abandoned, and the patient should be taken to the 
operating room for appendectomy.

The duration of intravenous antibiotic therapy is based on clinical parameters. 
Once a patient is afebrile for at least 24  hours, his or her pain is adequately 
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Pediatric patient with suspected
complicated appendicitis

Diffuse peritonitis on
exam?

OR for laparoscopic
vs. open appendectomy

Symptoms >5 days?

Non-operative
management with IV

antibiotics

Clinical improvement within
24-48 hours (improving fever

curves, leukocytosis,
abdominal pain)?

Abscess >20cm2

present on imaging?
IR for percutaneous
drainage of abscess

Continue antibiotics for
minimum total 10-day course

(combined IV and PO)

Appendicolith
present on imaging?

Discuss with parents
risks and benefits of 

interval appendectomy 

Refer for interval
appendectomy in 6-8

weeks  

IV fluid resuscitation and
initiation of IV antibiotics

Discharge home once
tolerating diet with return of

bowel function and resolution
of abdominal pain

Yes No

No

Yes
No

Yes

Yes

Yes No

No

Fig. 8.1 Recommended treatment algorithm for pediatric complicated appendicitis
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controlled, and he or she is tolerating a diet with normal bowel function, the patient 
is considered ready for discharge. The use of oral antibiotic regimens remains con-
troversial; if administered, they should be similar in action to the intravenous regi-
men (such as amoxicillin/clavulanate plus metronidazole or 
trimethoprim-sulfamethoxazole plus metronidazole), and the total course of antibi-
otics (intravenous plus oral) should be 10 days.

Following successful non-operative management, patients with appendicolith 
should be followed up in clinic to arrange for interval appendectomy approximately 
6–8 weeks after the episode of acute appendicitis; in patients with no appendicolith, 
a discussion should be had with the parents to discuss the risks and benefits of inter-
val appendectomy, and the decision should be left up to them of whether or not to 
proceed with interval appendectomy.

Clinical Pearls

• Patients with >5 days of symptoms but without signs of peritonitis may be con-
sidered for non-operative management.

• Close clinical monitoring is necessary to ensure that patients are improving with 
non-operative management.

• In cases of failure of non-operative management, an operation is necessary.
• Interval appendectomy should be considered.
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9Interventional Radiology 
as a Therapeutic Option for Complicated 
Appendicitis
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Case Example
A 9-year-old previously healthy boy presented with right lower quadrant pain, WBC 
of 22 and an ultrasound (US) showing a 5.3 × 2 .2 cm thick-walled, complex fluid 
collection was identified in the pelvis (Fig.  9.1a). Magnetic resonance imaging 
(MRI) was performed, confirming a rim-enhancing fluid collection containing gas. 
A 12 French percutaneous drain was placed transrectally (Fig. 9.1b) with ultrasound 
guidance by interventional radiology (IR) on hospital day 1, with aspiration of 
35 ml of purulent fluid.

a b

Fig. 9.1 (a) Axial T2W image of the pelvis showing an abscess anterior to the rectum. (b) Sagittal 
ultrasound image through the bladder showing transrectal drain in pelvic abscess
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 Introduction

Acute appendicitis is one of the most common surgical pathologies in the United 
States, with perforation not uncommon in children and a reported 10–13% rate 
of associated abdominal abscess [1, 2]. Historically, the gold standard in treat-
ment of abdominal abscesses has been with surgical drainage and debridement. 
Percutaneous drainage of an abdominal abscess was first reported in 1842 by a 
surgeon named Murray, who described the placement of a trocar and cannula into 
a liver collection “until adhesions formed between the liver and abdominal wall” 
[3]. Over the past several decades, however, percutaneous drainage (PD) has 
become the preferred method of treatment in adults and children alike as it is 
associated with a lower morbidity and mortality as compared to open surgical 
drainage [4–8]. PD is now recommended as first-line therapy for abscesses 
related to acute appendicitis by the World Society of Emergency Surgery and the 
Surgical Infection Society [9, 10].

 Pre-procedure Evaluation

 Abscess Identification

Acute appendicitis is a clinical diagnosis, though imaging has become a mainstay 
for complete evaluation. Classically, patients present with fever and abdominal 
pain, which over time localizes to the right lower quadrant. An abscess related to 
perforation may be identified on imaging, affecting patient management. 
Especially in small children, ultrasound is the preferred imaging modality as it 
avoids radiation exposure. Pediatric small body habitus lends itself well to identi-
fication of an enlarged appendix or a fluid collection by ultrasound. Diagnostic 
imaging findings of abscess are explained in more detail in an earlier chapter, but 
in general consist of thick-walled, often complex fluid collections. The appendix 
may also be identified in the region of the collection, with or without the offend-
ing appendicolith. If evaluation by ultrasound is limited and clinical suspicion 
remains high, MRI or CT may be considered. More recently, magnetic resonance 
imaging (MRI) is the preferred second-line imaging modality, as it avoids radia-
tion exposure [11]. Abbreviated MRI protocols have been created to limit time on 
the scanner both to avoid sedation and conserve MRI time. For younger children, 
sedation still may be required for the use of MRI, the risk of which may be con-
sidered greater than the potential benefit. For this reason, CT is often the best 
second-line modality. A CT can be obtained in a manner of seconds, requiring no 
sedation or scheduling difficulties. Potential downsides of CT imaging include 
radiation exposure and protocols that may require oral contrast to better delineate 
bowel and appendix lumen. Transit of oral contrast may take up to 2–3 hours to 
reach the cecum.
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 Laboratory Studies

The most important preoperative laboratory studies are coagulation parameters, 
although evaluation may be deferred if the patient has no medical history of coagula-
tion abnormality [12]. A platelet count greater than 50,000/uL is recommended by the 
Society of Interventional Radiology (SIR). An international normalized ratio (INR) 
less than 1.2, or less than 1.5 for urgent cases, is recommended [13]. A cutoff of 1.7 is 
used in many IR divisions. Occasionally, percutaneous drainage requires traversal of 
an organ, such as liver, stomach, or even bladder, which may be safely done, but more 
strongly requires evaluation of coagulation parameters due to the increased bleeding 
risk. Laboratory values outside of these recommendations require correction by pre-
treatment with oral vitamin K or fresh frozen plasma (FFP) for abnormal INR, cryo-
precipitate, or platelet infusion. In many IR divisions, intra-procedural administration 
of FFP for an INR 1.7–2.0 and platelet transfusion for platelet counts of 25,000–
50,000/uL are acceptable alternatives, which allow for timely patient care.

 Antibiotic Therapy

Intravenous antibiotics are initiated at the time of patient diagnosis. If there is high 
concern for septicemia at the time of drain placement, coordinating the timing of the 
antibiotic to the 1  hour immediately prior to the procedure, or administering an 
additional dose, may be considered. Concern for septicemia is highest when the col-
lection is present within a vascular organ, such as the liver [14].

 Imaging Guidance for Drain Placement

Once an abscess is identified, the preferred method of management is by percutane-
ous drainage, which has lower morbidity and mortality risks than open drainage. US 
is largely the imaging modality of choice given its ability to provide real-time guid-
ance and its radiation-free character. In adults or children with large body habitus, US 
visualization of the collection or adjacent structures may be limited. CT guidance 
provides for safe trajectory planning and procedural success. Small patient size 
makes US utilization more successful in children than in adults. When collections are 
present in the deep pelvis or encompassed by loops of bowel, however, US may not 
be safely performed, and CT is the preferred modality. Real-time MRI guidance is 
available at the author’s institution and is used for core biopsies, but MRI- compatible 
guidewires and MRI-compatible drains are just now becoming available in the United 
States, and so MRI is not widely used at this time. Cone-beam CT with guidance 
abilities in IR suites which have the capable equipment and software. Cone-beam CT 
does produce radiation, however, and the image quality is somewhat less than a typi-
cal CT scan. The benefit of cone-beam CT is that it can provide real-time guidance.
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The real-time ability of US guidance has several advantages. The access needle 
and wire are visualized within the collection as they are placed. This allows for short 
procedure times, minimizing sedation requirements. The real-time guidance also 
provides a potential for greater control and accuracy of the path of the needle. 
CT-guided drain placement can take longer, as it is performed by instrument adjust-
ment and stepping out of the procedure room for CT imaging. CT fluoroscopy may 
be utilized, if available, which can shorten the procedure. During CT fluoroscopy, 
1–3 slice images are obtained by the use of a foot pedal. The interventionalist remains 
in the room or even with a hand on the instrument for guidance. Imaging is not truly 
real-time, but radiation dose is reduced by imaging smaller portions of the patient.

For deep pelvic collections, in close approximation to the rectum, transrectal 
drain placement may be considered. This allows for radiation avoidance by using a 
transrectal or transabdominal ultrasound probe for drain placement, detailed below.

For collections that are located more superiorly in the abdomen but covered by 
mesentery, or for those that are deep to multiple loops of bowel, laparoscopic-assisted 
ultrasound drainage of the abscess is effective. This allows easy manipulation of the 
bowel from the path of the drain (Fig. 9.2).

 Indications for Percutaneous Drainage

Percutaneous drainage (PD) of peri-appendiceal abscess with interval appendectomy 
has been shown to have fewer complications than immediate appendectomy with a 
similar rate of clinical improvement [15–19]. Imaging findings to suggest infection 
include a thick wall around the collection, adjacent inflammation, wall enhancement, 
and the presence of air bubbles. Abscesses less than 3 cm are generally treated with 
antibiotic therapy alone, with a reported success rate of 88% based on an early study 
[20]. Aspiration can be performed if culture is desired for antibiotic tailoring. If a 
fistula is visualized during aspiration, a drain should be placed [21].

 Contraindications to Percutaneous Drainage

PD of peri-appendiceal abscesses have been associated with a 4.5–26% failure rate 
in adults [7, 8]. A major contraindication to PD is inability to safely access the col-
lection without injury to an adjacent organ, most importantly, a vascular structure 

Fig. 9.2 Laparoscopic 
ultrasound-assisted 
drainage of deep abscess in 
abdomen
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or bowel. Safe and effective transhepatic abscess drainage of upper abdominal col-
lections has been described (Fig. 9.3), as has transvesicular drainage of pelvic fluid 
collections [16, 17]. Trans-pleural access should be avoided, to prevent spread of 
infection into the sterile pleural space. Bleeding diathesis or other coagulation 
abnormalities represent another important contraindication, though often risk of 
bleeding can be mitigated by transfusion of platelets or fresh frozen plasma to 
facilitate the less invasive PD placement and avoid open surgical intervention.

 Procedural Considerations

The decision to place an abdominal drain is based on multidisciplinary discussion 
and consideration of patient-specific factors. After a discussion of the benefits, risks, 
and alternatives, informed consent is obtained from the patient’s parent or legal 
guardian prior to the procedure. Sedation or general anesthesia is required for most 
pediatric drain placements, if not only to prevent patient discomfort but also to 
maximize the safety and success of the procedure by preventing patient movement. 
Liberal administration of local anesthetic is used to assist with pain management, 
paying particular attention to the peritoneal lining, which can be the most painful 
point of transgression. Attention should be paid to weight based maximum dosages 
to prevent systemic toxicity.

The choice of US or CT guidance is based on the location of the collection, the 
size of the patient, and the comfort level of the performing physician. When possi-
ble, ultrasound guidance is preferred, in accordance with ALARA principles (as low 
as reasonably achievable) [22, 23]. As discussed above, US is the preferred modal-
ity for procedural guidance, given the lack of ionizing radiation exposure and real- 
time guidance (Fig. 9.4). A potential downside in the use of US is that it cannot 
penetrate artifact related to bowel gas or gas within the collection itself. Careful 
comparison with prior imaging may provide reassurance that a gas-filled region on 
US represents the target collection, but typically then requires the use of another 
imaging modality to confirm catheter placement. This can be achieved either by CT 
to delineate the location of a guidewire, fluoroscopic imaging with contrast injec-
tion through the access needle, or cone-beam CT to prevent placement of a drain 
into bowel.

Fig. 9.3 Ultrasound- 
guided transhepatic 
placement of needle into  
a subphrenic abscess from 
perforated appendicitis  
for drain placement
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 Basic Drainage Technique

There are two techniques utilized for drain placement: trocar technique and the 
more commonly used Seldinger technique. The trocar technique can be used when 
a collection is superficial or crosses a plane at high risk of loss of access during 
serial dilation. The Seldinger technique utilizes a smaller access needle and allows 
for confirmation of needle location within the collection prior to dilation and drain 
placement.

Regardless of the imaging modality utilized for guidance, preliminary imaging 
is performed to assess the safest route for drainage, avoiding vascular structures 
and abdominal organs. A radiopaque marking grid is placed in the expected region 
of safe access route based on prior imaging for CT-guided procedures. Patient 
comfort is also taken into account, placing the tube insertion site in a location that 
will not result in pressure on the tube while sitting or recumbent and avoiding a 
location which might be exposed to pressure related to clothing, if possible. When 
unavoidable, transgluteal route may be necessary, but can be associated with sig-
nificant patient discomfort. For this reason, transrectal or transvaginal catheter 
placement is preferred for deep pelvic collections, located anterior to the rectum. 
Although placement can be slightly more challenging and there is a risk of cath-
eter dislodgement, patient comfort is greater in these locations, and outcomes are 
similar.

Once a suitable access route is identified, sterile preparation of the access point 
is performed. For ultrasound-guided procedures, local anesthesia is then adminis-
tered, and the access needle is advanced into the collection under direct visualiza-
tion. Using the trocar method, the catheter itself with needle stylet is advanced 
through a small incision into the collection in one step. The catheter is advanced 
over the needle stylet, curling the distal “pigtail” loop within the collection. 
Aspiration then should yield fluid, and once confirmed within the collection, the 
loop is locked, catheter is secured to the skin by suture, and a dressing is placed. 

a b c

Fig. 9.4 (a) Sagittal grayscale Doppler ultrasonography demonstrates a complex fluid collection 
with internal echoes and a thick wall, consistent with abscess. An echogenic and shadowing focus 
in its central aspect represents an appendicolith (white arrow). (b) and (c) Transverse grayscale 
Doppler ultrasonography showing wire placement within the collection during drain placement 
(white arrow) and double echogenic lines of the catheter loop within the collection, with overall 
decrease in volume after aspiration
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Using Seldinger technique, either an 18-gauge needle or a 5French/19-gauge cente-
sis catheter with introducer needle is advanced into the collection under ultrasound 
guidance. Aspiration yields fluid, confirming position within the collection, and the 
catheter is advanced over the needle into the collection further. The needle is 
exchanged for a guidewire, over which the centesis catheter is exchanged for the 
drainage catheter after serial tract dilation, if necessary. The trocar method may be 
preferred for transrectal or transvaginal drainage, as serial dilation of the tract may 
dislodge the guiding wire from the collection during exchanges.

When using ultrasound for transrectal or transvaginal guidance, a curved (for 
larger children) or linear (for small children) probe may be used for visualization of 
the pelvic collection from the anterior abdomen, taking advantage of the phenome-
non of acoustic enhancement through the bladder for visualization of the collection 
and needle (Fig. 9.1a). Acoustic enhancement consists of the characteristic of sim-
ple fluid (urine, in this case) to appear to delineate deeper structures with more clar-
ity and echogenicity (brightness), as soundwaves are attenuated less by the fluid 
than by adjacent soft tissue structures. Using the trocar technique, the drain with 
blunt stylet is then advanced through the rectum with a finger near its tip toward the 
collection. The blunt stylet is then exchanged for the needle stylet and advanced 
through rectal/vaginal wall into the collection under direct visualization. 
Alternatively, an 18-gauge needle can be advanced through the rectum in a similar 
manner, using a plastic tubing which has been split longitudinally for a modified 
peel-away sheath to protect the rectal/vaginal wall from injury during needle 
advancement. If the patient is too large, however, the transabdominal technique will 
not be successful. A rectal/vaginal ultrasound probe is then used, with or without the 
needle guide attachment, to place the needle into the collection alongside to the 
probe. The catheter is then secured to the inner thigh using an adhesive catheter 
securement device.

A similar technique is employed for CT guidance. A radiopaque grid is used to 
mark the optimal insertion site, and a trajectory is mapped out on imaging. The 
depth of the collection from the skin surface is measured, and after sterile prepara-
tion, local anesthetic is administered, and the anesthetic needle is advanced 
through the skin at the determined angle to access the site. Repeat imaging is 
performed, either using a foot pedal for CT fluoroscopy or with 5–7 axial slices 
centered on the needle insertion site. Once a satisfactory trajectory is confirmed 
using the small anesthetic needle, an incision is made, and an 18-gauge needle or 
5French/19-gauge centesis catheter. The introducer needle is then advanced to 
determine the depth at the appropriate angle. Aspiration can then be performed, 
and if fluid is aspirated, a guidewire is advanced through the needle or centesis 
catheter after removal of its introducer needle. Repeat imaging may be performed 
to confirm wire location within the collection, or serial tract dilation with catheter 
placement is performed without repeat imaging if there is confidence in wire loca-
tion. Once the catheter is advanced into the collection, aspiration should yield 
additional fluid, the loop is locked, and final CT imaging is performed to docu-
ment/assess catheter position. The catheter is then secured to the skin with suture 
and a dressing applied.
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Regardless of technique, the catheter is attached to closed suction drainage bulb 
(e.g., a Jackson-Pratt) or a drainage bag for gravity drainage. JP bulb use may be 
preferred, given the likely superior drainage of thick pus by suction.

 Post-procedure Management

Patients should be assessed daily for persistent/recurrent fever or worsening abdom-
inal pain. Drain output should be recorded for every 8–12 hour shift by nursing 
staff. 5–10 ml saline flushes every 8–12–24 hours is recommended to prevent cath-
eter occlusion by debris [1, 24, 25]. The volume of the flush is subtracted from the 
total output volume at the time of output documentation.

Catheter removal is considered when the patient has remained afebrile, is clini-
cally improving, and catheter output is less than 5–10 ml over 24 hours [26–28]. No 
follow-up imaging is required if the patient has clinically improved and total output 
is as expected for the size and complexity of the collection. Repeat imaging is per-
formed if drain output is lower than expected, the collection is complex, or output 
abruptly decreases and there is concern for catheter clogging. The presence of persis-
tent fever or lack of clinical improvement recommends repeat imaging to assess for 
residual fluid or a new collection [24]. The body can wall off the drain from the rest 
of the abscess, or the complexity of the abscess can preclude complete drainage. In 
these instances manipulation of the drain to lyse adhesions or placement of a second 
drain can be considered. Use of persistent drain output prompts repeat imaging to 
assess for fistulae to bowel, which may include a tube sinogram under fluoroscopy.

 Complications

Complications of PD may take place at the time of the procedure or in a delayed 
manner, as a result of catheter presence. Severe complications occur most com-
monly at the time of drain placement and include a drug-related allergic reaction or 
cardiac arrest/respiratory failure due to oversedation. Spread of infection to adjacent 
compartments or organs may occur as a delayed complication, particularly if care is 
not taken to avoid crossing the pleural space, for example. During transhepatic 
abscess drainage, careful evaluation under fluoroscopy for fistula formation to bile 
ducts or vascular structures is important prior to drain removal [16]. Minor compli-
cations include catheter kinking, obstruction, or dislodgement after placement. 
Catheter replacement depends on the clinical status of the patient and the presence 
of residual collection.

Bleeding is a risk of variable magnitude which depends on the location of the 
abscess. Abscesses within or adjacent to vascular organs, such as liver or spleen, 
carry a higher risk of bleeding. Proximity to vascular structures in the pelvis may 
increase the risk of bleeding during catheter placement. In the setting of venous 
injury, catheter upsize or temporary capping of the drain serves to tamponade the 
bleed and typically results in resolution. Persistent or pulsatile bleeding is 
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suggestive of an arterial injury, which is assessed by CT angiography and treated by 
fluoroscopic angiography with embolization of the bleeding vessel. Large vessel 
laceration requires urgent surgical management.

Transient bacteremia has been reported in up to 5% of cases, likely related to 
hypervascularity in the wall of the abscess [29]. When multiple fluid collections are 
present and there is question as to the potential sterility of one or more, it is impor-
tant to use new sterile materials for accessing and draining each collection to avoid 
spread of infection from one to the other [30]. Local skin infections can occur if a 
drainage catheter is present for a prolonged period of time. Treatment may either be 
with antibiotic therapy or placement of a new drain away from the infected 
incision.

Malposition of the catheter during placement is another risk and most commonly 
involves the placement of a drain into bowel. This may be immediately recognized 
at the time of the procedure or may be identified after persistent drain output is 
noted. Diagnosis may be by repeat imaging or by fluoroscopic tube evaluation. 
Management of an abscess drain in the bowel is either by surgical repair or delayed 
catheter removal after tract maturation.

 Conclusion

Percutaneous drainage of abdominal abscesses has become a frequently used and 
valuable alternative to open surgical intervention, with similar outcomes in clinical 
improvement and lower morbidity and mortality. With appropriate consideration for 
potential risks, the procedure can be performed in conjunction with interval appen-
dectomy to optimize outcomes in this patient population.

Clinical Pearls

• Coagulation studies are not routinely needed prior to percutaneous drainage.
• MRI and US can be used to evaluate postoperative abscess collections instead of 

CT avoiding unnecessary ionizing radiation.
• Transrectal abscess drainage in the deep pelvis is often better tolerated than 

transgluteal drains.
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Case Example
A 9-year-old boy presents at 10 PM with right lower quadrant abdominal pain and 
undergoes an ultrasound confirming appendicitis. The on-call surgeon prefers to 
perform the appendectomy immediately with concern that delay may lead to perfo-
ration. The anesthesiologist on call challenges the need for immediate surgery and 
remarks that the cost of bringing in an operative team in the middle of the night is 
not justified from either a fiscal or “standard of care” perspective. After further 
debate, they agree to book the case for 6:30 AM the following morning before elec-
tively scheduled cases begin.

 Introduction

The scenario described above is likely to be quite common; controversy and lack 
of consensus around the safety and fiscal implications of delaying appendectomy 
until the following morning exist even among pediatric surgeons. The published 
literature would suggest a growing trend toward acceptance of operative delay (at 
least until the following day for patients presenting the night before), but is this 
justified by the available evidence? What is the impact of time to appendectomy 
(TTA) following hospital presentation on the risk of appendiceal perforation and 
postoperative complications? How does delay of appendectomy impact resource 
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utilization and hospital cost? Several studies have attempted to shed light on 
these questions using a wide variety of analytic methods, some with conflicting 
results. The goal of this review was to provide a critical review of the available 
literature to shed light on the influence of treatment delay on both clinical and 
fiscal outcomes. Specifically, we wished to explore this relationship in the con-
text of three categories: (1) risk of complicated or perforated appendicitis found 
at operative exploration, (2) risk of adverse events in the postoperative period, 
and (3) resource utilization, including hospital cost, length of hospital stay, and 
readmission.

 Literature Review

Literature searches were performed in English using Medline, PubMed, and perti-
nent Cochrane reviews. A comprehensive literature search was conducted using the 
following search terms: appendicitis, appendectomy, timeliness, delay, timing of 
surgery, perforation, and complicated appendicitis. All identified studies were 
manually reviewed for outcomes of interest rather than using additional search 
terms to be comprehensive. Further cross-checking was performed by reviewing 
the reference list associated with all studies included in the reference list of this 
review.

For the purpose of this review, only studies exclusively reporting on outcomes in 
patients 18 years of age and younger were included. This decision was based on the 
evidence-based premise that “children are not small adults” with respect to factors 
that may impact the measurable association between treatment delay and outcomes. 
These include factors influencing timelines of presentation, disease progression, 
and rate of perforation at hospital presentation. Furthermore, it was the opinion of 
the author that the current pool of pediatric evidence was of sufficient volume and 
rigor to stand alone without the need to include adult-specific data (which could 
compromise both generalizability and external validity).

Studies that reported outcomes associated with treatment delay in calendar days 
rather than hours were also excluded. This was done to focus the review on studies 
that were calibrated to address the contemporary clinical question as to whether a 
modest delay in appendectomy (i.e., the next morning for a patient presenting in the 
evening the night before) is a safe and fiscally reasonable practice. Studies reporting 
outcomes in calendar days (large database studies such as KID and NIS) are likely 
to misclassify many patients when attempting to address this clinical question. To 
illustrate further, a patient who presents at 11:30 PM and then undergoes an appen-
dectomy 2 hours later at 1:30 AM the next calendar day would be categorized as a 
“next day” (2 calendar days) appendectomy, while a patient who presents at 
12:30 AM and then undergoes appendectomy 20 hours later at 8:30 PM would be 
considered a “same day” (1 calendar day) appendectomy. Such misclassification 
will bias the analysis toward the null hypothesis (no difference between same day 
and next day appendectomy) even if an increased risk of adverse outcomes actually 
exists.

S. J. Rangel
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 Discussion

 Treatment Delay and Risk of Perforated Disease

Nine studies were identified that explored an association between timing of appen-
dectomy and risk of complicated or perforated appendicitis. Collectively, these 
studies included 8473 patients from 42 different hospitals. Seven (78%) of studies 
were retrospective and five (56%) were single-center experiences (Table 10.1).

Overall, seven (78%) of the nine studies did not find an association between 
delay and risk of perforation or complicated appendicitis. However, it should be 
noted that the available literature pool was quite heterogeneous with respect to ana-
lytic methods and definitions for both exposures and outcomes. These included a 
lack of standardized definitions for assessing perforation and complicated disease, 
as well as differences between studies in measuring time from presentation or 
admission to appendectomy. A formal meta-analysis to aggregate data across stud-
ies was therefore not possible.

Given the heterogeneity of available data, a critical review of the potential sources 
of bias associated with different study designs and analytic methods is important to 
gauge the strength of different studies. In this regard, two studies in the review were 
identified as prospective cohort designs. Based on the relatively well- documented and 
objective nature of ED presentation and surgical start time (exposure components), 
prospective study designs are not likely to provide more accurate TTA estimates com-
pared to their retrospective counterparts. Furthermore, none of these studies specifi-
cally indicated how their prospective methodology improved the capture and accuracy 
of outcomes data (status of perforation or complicated appendicitis) from pathology 
and operative reports. Given these considerations, prospective studies should not be 
considered superior in their validity to retrospective study designs in this review.

The influence of clinical disease severity on timing of appendectomy is a poten-
tially important source of bias and one that may greatly vary across hospitals. It is 
well established that most perforations in children occur prior to hospital presenta-
tion, and patients who are perforated on presentation typically have more severe 
clinical presentations compared to those who are not. Some hospitals may treat 
children with more severe presentations more expeditiously, while others may elect 
to obtain additional cross-sectional imaging or proceed with a period of resuscita-
tion prior to appendectomy. Depending on a hospital’s diagnostic and treatment 
approach, children who are perforated at time of presentation may have different 
TTA profiles at baseline compared to those who are not. This effect could bias the 
analyses between TTA and perforated disease in either direction. Early operative 
management of children with a pre-existing perforation would bias the analysis 
away from an association between TTA and perforation (even if one actually exists), 
while delayed operative intervention for pre-existing perforations may bias the anal-
yses toward an association (even if one didn’t exist). The former effect (early man-
agement of more severe disease) may explain why some studies have demonstrated 
a trend toward lower perforation rates with longer TTA (e.g., a “protective” effect 
with delay) [1].

10 Timing of Appendectomy for Acute Appendicitis: Can Surgery Wait?
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In an attempt to mitigate bias associated with unknown perforation status on 
presentation, several studies have reported using computed tomography (CT) to 
exclude patients with perforation suspected on imaging [2–4]. However, the lack of 
sensitivity for differentiating complicated from uncomplicated disease using cross- 
sectional imaging has been well documented in both the radiology and surgical lit-
erature [5–7]. Computed tomography may be quite sensitive for diagnosing late 
presentations with rim-enhancing fluid collections, although the far more common 
scenario is early perforation with a non-enhancing adjacent fluid collection and 
localized fat stranding. Gangrenous appendicitis without perforation is frequently 
encountered in these cases, and often times the radiology read is equivocal. 
Furthermore, the generalizability of results from these studies may be limited as 
patients undergoing CT scans are arguably a different cohort than those that undergo 
ultrasound only.

Many different approaches have been used for identifying and defining outcomes 
(perforated and complicated appendicitis). Use of histology alone can both over- 
and underestimate perforation rates depending on operative and pathology factors. 
Overestimation can occur from holes made in a gangrenous appendix during its 
removal, while underestimation may occur if only a small portion of the appendix is 
sectioned to confirm the diagnosis of appendicitis during pathology evaluation. 
Review of operative reports has been proposed as a more clinically relevant means 
to establish the presence of both perforation and complicated disease. In this regard, 
histological perforation has poorly defined correlates for adverse events and 
increased resource utilization, while the presence of certain intraoperative findings 
(e.g., abscess and extraluminal fecaliths) has well established associations with 
clinically relevant consequences (e.g., organ space infections and increased hospital 
cost) [8]. However, details regarding the criteria used to identify complicated appen-
dicitis from operative reports were often poorly described and not standardized in 
most studies, with only four studies (all multicenter study designs) specifically 
describing efforts in their methodology to standardize and audit for the purpose of 
quality assurance [4, 9–11].

When considering the many different sources of potential bias described above, 
we would caution that the generalizability and external validity of any single-
center experience may be greatly limited. A multicenter study design to balance 
out variation in disease severity-associated treatment delay coupled with a stan-
dardized methodology for assessing outcomes would provide the best possible 
analyses. Four studies included in this review included multicenter analyses, 
although two deserve special mention given their particularly wide scope and 
rigorous study designs. The first was a multicenter study of 955 patients from 10 
hospitals which was sponsored by the Pediatric Emergency Medicine Collaborative 
Research Committee of the American Academy of Pediatrics [4]. The investiga-
tors used a broad definition of appendiceal perforation which included both the 
presence of a physical hole and indirect findings of perforation (e.g., abscess). 
Case definitions were defined a priori in a written manual of operations, and site 
investigators received detailed instruction on interpreting and coding of radio-
logic, operative, and pathology reports. Data quality checks were performed 
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monthly with discrepant findings reviewed and corrected for the purpose of qual-
ity assurance. Following regression analyses adjusting for a wide variety of 
patient-level factors, the investigators found no increase in the risk of perforated 
appendicitis with increasing time from ED presentation to appendectomy. 
Furthermore, no association between TTA and perforated appendicitis was found 
in subgroup analyses of patients who were believed to be non-perforated based on 
CT obtained in the ED.

The second study included 2429 children undergoing appendectomy at 23 hospi-
tals as part of a national collaborative supported by the American College of 
Surgeon’s National Surgical Quality Improvement Program-Pediatric (NSQIP- 
Pediatric) [10]. The investigators utilized a definition for complicated disease that 
was developed and standardized through NSQIP’s Data Definitions Committee and 
based on criteria associated with adverse outcomes and resource utilization. A stan-
dardized manual of operations and instructional webinar was created for study par-
ticipants, and a clinical support network was established to ensure data collection 
integrity. Following regression analyses adjusting for a wide variety of patient-level 
factors, the investigators found no increase in the risk of complicated appendicitis 
with increasing time from ED presentation to appendectomy. It is notable that the 
results of this regression analysis using TTA as a continuous variable were remark-
ably similar to that from the emergency medicine collaborative study (OR for each 
hour of treatment delay: 1.00 [95%CI:0.96–1.05] vs. 0.99 [95%CI:0.97–1.02]). The 
investigators also performed a secondary analysis at the hospital level for each of the 
23 participating hospitals. Comparison groups (early and late TTA) were defined by 
each hospital’s median TTA. Exposures were defined in this manner to compare rates 
of complicated disease within a timeframe sensitive to each hospital infrastructure 
and diagnostic practices and to provide insight into whether a hospital could poten-
tially reduce its rate of complicated disease by “shifting” patients from its late group 
to its early group. An increased risk of complicated appendicitis was found at only 1 
of the 23 hospitals examined (Fig. 10.1). This finding suggests that internal efforts on 
behalf of individual hospitals to decrease their TTA (e.g., to improve the efficiency 
of the diagnostic process) would likely not lead to a reduction in their rate of compli-
cated disease.

 Treatment Delay and Risk of Adverse Events

Six studies reported outcomes associated with adverse events in the postoperative 
period. Several different types of adverse events were reported including surgical 
site infections (SSI), organ space infections (OSI), small bowel obstruction, percu-
taneous drainage procedures, and reoperation. Two studies used standardized 
NSQIP criteria for adverse event outcomes, while the remainder provided little 
detail around both definitions and efforts to standardize data collection and defini-
tions. Issues surrounding heterogeneity of definitions and analytic bias were similar 
to that described above for perforation; however, it is noteworthy that none of the six 
studies examining adverse events found an association with treatment delay. These 
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included the two rigorous multicenter studies described above which also examined 
adverse event rates in addition to rates of complicated appendicitis [9, 10].

 Treatment Delay and Impact on Resource Utilization

Five studies examined the association between treatment delay and resource utili-
zation, including three reporting length of stay (LOS), two reporting readmission 
rates, and two reporting hospital cost. Two of the single-center studies examining 
LOS found either no association with treatment delay or a trend toward increased 
LOS.  However, the number of patients included in these studies was relatively 
small which may have led to underpowered analyses. In a rigorously designed 
multicenter study of 2116 patients from 16 children’s hospitals, Serres et al. found 
a 0.06-day increase in LOS associated with each hour of treatment delay [11]. Both 
studies examining hospital cost found an association with increased treatment 
delay, and these included the same study by Serres et al. which found a 23% differ-
ence in hospital cost between the longest and shortest quartiles of TTA (Table 10.2) 
[11]. None of the studies examining readmission rates found an association with 
readmission.

Median TTA, h

Hospital
Early
Group

Early
Group

Late
Group

Late
GroupDifference

Complicated Appendicitis

OR (95% CI)

Higher Risk
of CA in

Early Group

Higher Risk
of CA in
Delayed Group

0.1 1.0 10 100
OR (95% CI)

A relative OR of 1 or less suggests a
higher risk of CA in the early
appendectomy group, whereas an OR
greater than 1 suggests a higher risk
of CA in the delayed appendectomy
group. The relative OR of CA was
indeterminate for hospital 11 because
of a lack of patients with CA in the
early time to appendectomy (TTA)
group. Hospitals are ordered based
on their relative rankings in the
diffreneces in the median TTA of their
early and late groups.

1
2
3

4
5
6
7
8
9

10
11
12
13
14
15

16
17
18
19
20
21

22
23

5
3.7
5.1
5.3
5.4
5.7

5.3
3.6
5.8
5.1
4.4
5.2
4.8
5.5

5.4
4.6
7.1

5
5.5
5.1

6.9
10.3

5.8

21.5
17.9
15.2
15.1
14.5
16.4
13.6
13.8

13.8
13

13.1
11.9
12.6
13.2
10.5
12.1

12
11.4
11.2
10.7
9.2
7.6
8.4 3.5

3.8
4

5.4
5.8
5.8
6.2
6.8
6.9
7.4
7.5
7.5
7.9
8.2
8.3
8.4

9
9.3
9.5
9.6
10
11

11.1 1/23
22/79
20/111

7/23
31/78

20/110
30/85 17/84

18/48 14/48
14/25 10/25
11/24 13/23
7/48 15/48

11/35 6/34
9/56 7/55
5/24 5/24
6/73 12/73
3/29 0/29

22/75 19/74
6/38 9/37

19/64 12/63
8/24 4/24
9/39 4/38

18/45 11/45
5/29 7/28

10/67 12/67
31/153 38/148
11/30 5/27 0.39 (0.12-1.33)

1.36 (0.79-2.33)
1.24 (0.50-3.11)
1.60 (0.44-5.80)
0.49 (0.20-1.20)
0.39 (0.11-1.41)
0.40 (0.10-1.57)
0.56 (0.24-1.27)
1.71 (0.54-5.42)
0.83 (0.41-1.71)

2.20 (0.78-6.21)
1.00 (0.25-4.03)
0.76 (0.26-2.21)
0.47 (0.15-1.45)
2.66 (0.97-7.29)
1.54 (0.49-4.86)
0.52 (0.17-1.61)
0.69 (0.29-1.61)

0.47 (0.23-0.93)
1.01 (0.51-2.01)
1.71 (0.88-3.34)

9.63 (1.08-86.17)

Fig. 10.1 Risk of complicated appendicitis associated with treatment delay at 23 children’s hos-
pitals. Hospitals are ordered from top to bottom by median time to appendectomy (TTA), and 
comparison groups (early and late TTA) were defined by each hospital’s median TTA. Exposures 
were defined in this manner to compare rates of complicated disease within a timeframe sensitive 
to each hospital infrastructure and diagnostic practices and to provide insight into whether a hos-
pital could potentially reduce its rate of complicated disease by decreasing its TTA relative to its 
median TTA. (Reproduced with permission from Serres et al. [10], Copyright© (2017) American 
Medical Association. All rights reserved)
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 Conclusion

Based on currently available data in the pediatric literature, we conclude there is 
compelling evidence to support the premise that a modest delay in appendectomy 
(e.g., the next calendar day for children presenting the night before) is a safe and 
reasonable practice. Although two studies (including one multicenter study) did 
show an increased risk of perforation with treatment delay, it is important to empha-
size that none of the studies in this review demonstrated an increased risk for adverse 
events associated with measurable patient harm.

Although the data would suggest that treatment delay does not increase the risk of 
clinically relevant adverse outcomes within the first 24 hours, it is important to note 
that the influence of timely antibiotic administration was not addressed in many of 
the included studies. The role of antibiotics in arresting the progression of appendi-
citis has been well established in studies where antibiotics have been used as primary 
(and definitive) treatment for early appendicitis. It is plausible that antibiotics may 
also have played a role in mitigating the risk of perforation for the studies included 
in this review. Timely administration of antibiotics immediately following diagnosis 
should therefore be considered an essential part of any management strategy.

Table 10.2 Influence of time to appendectomy (categorized by hospital-specific quartiles) on 
hospital cost in 2116 patients at 16 children’s hospitals

Time to appendectomy
1st 
quartile 2nd quartile 3rd quartile 4th quartile

Overall costs
  Adjusted mean $6967 $7682 $7798 $8556 <0.001
  Rate ratio (95% confidence 

intervals)
Ref 1.10 

(1.03–1.18)
1.12 
(1.04–1.2)

1.23 
(1.14–1.32)

Operating room costs
  Adjusted mean $3739 $3930 $4084 $4005 <0.001
  Rate ratio (95% confidence 

intervals)
Ref 1.05 

(1.01–1.09)
1.09 
(1.05–1.14)

1.07 
(1.03–1.12)

Operating room time-based 
costs
  Adjusted mean $1400 $1360 $1370 $1332 0.22
  Rate ratio (95% confidence 

intervals)
Ref 0.97 (093, 

1.02)
0.98 (0.93, 
1.03)

0.95 (0.91, 
1.00)

Operating room fixed costs
  Adjusted mean $1912 $2188 $2266 $2305 <0.001
  Rate ratio (95% confidence 

intervals)
Ref 1.14 (1.09, 

1.2)
1.18 (1.12, 
1.25)

1.21 (1.14, 
1.27)

Room costs
  Adjusted mean $1695 $1723 $1853 $2601 <0.001
  Rate ratio (95% confidence 

intervals)
Ref 1.01 

(0.9–1.15)
1.09 
(097–1.24)

1.53 
(1.35–1.74)

Reprinted from Serres et al. [11], with permission from Elsevier
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Finally, the relationship between TTA and resource utilization is complex and 
dependent on the outcomes examined. Longer TTA does not appear to be associ-
ated with hospital readmission, but does appear to be associated with increased 
cost and LOS, particularly in larger studies that include multiple hospitals with 
longer median TTAs. These results are perhaps not surprising; readmission 
encounters are often associated with adverse events such as organ space infections 
(of which there was no association with treatment delay), while longer delays to 
definitive treatment for any condition will likely lead to longer time in the hospital 
with increased charges associated with bed days and nursing shifts, among others. 
The ultimate decision surrounding timing of appendectomy in any hospital should 
balance the benefits of a timely intervention against the hospital’s available 
resources.

Clinical Pearls

• A modest delay in appendectomy is acceptable; however antibiotics should be 
initiated in a timely fashion.

• Delay in appendectomy does not appear to significantly increase complications.
• Longer TTA is not associated with a higher readmission rate, but does correlate 

with an increased cost and length of stay.
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11Surgical Techniques in Pediatric 
Appendectomy

Natasha R. Ahuja and David H. Rothstein

 Introduction

Currently, there are four common techniques used for appendectomy: open, laparo-
scopic, single-incision laparoscopic surgery (SILS), and transumbilical laparoscopic- 
assisted appendectomy (TULAA). For the sake of completeness, we will also 
include natural orifice transluminal endoscopic surgery (NOTES), although this 
technique has not been used in pediatric patients. The operations will be described 
in detail along with advantages and disadvantages for each. Differences in cost, 
operative time, hospital recovery time, cosmetic appearance, and outcomes will be 
taken into account, as all of these aspects are commonly used to determine which 
technique is most effective in a given patient population.

 Discussion

 Open Technique

The first appendectomy was reported in 1735 by Claudius Amyand, who operated on 
an 11-year-old boy when the child perforated his appendix by swallowing a pin [1]. 
A century later, Charles McBurney, an American surgeon, popularized his classic 
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McBurney’s incision, which allowed access to the right iliac fossa through a muscle-
splitting and muscle-sparing technique to remove the appendix [1]. In this open 
approach, an incision is made in the right lower quadrant, superior to the inguinal 
ligament, parallel to the fibers of the external oblique muscle, allowing the muscle to 
be spared and thus speeding up the healing process. The cecum is visualized and the 
appendix is located, secured, and amputated at the base [2]. Other incisions may be 
used for an open appendectomy, such as the Rocky-Davis, a transverse incision, or a 
conservative midline incision, but these incisions cut through muscle and are there-
fore associated with increased pain and longer recuperation.

Open appendectomy may be performed quickly and is not very resource inten-
sive, as it requires little other than retractors and basic suture material. Worldwide, 
the technique is practiced by a variety of surgical and nonsurgical providers. The 
operation can be done under general, regional, or even local anesthesia if necessary. 
Based on a large meta-analysis study, the average operating time for an open appen-
dectomy is typically 11.5 minutes shorter than laparoscopic surgery, although this is 
surgeon-dependent [3]. Disadvantages include lack of clear visualization of perito-
neal areas outside of the right iliac fossa and a visible scar. For example, in the case 
of misdiagnosis of appendicitis, examination of the ovaries in a female patient 
through the right lower quadrant incision is nearly impossible. In the United States, 
open appendectomy in the pediatric population has been supplanted by any one of a 
number of laparoscopic approaches as these offer decreased pain, less scarring, and, 
a potentially, faster recovery [4].

 Laparoscopic Technique

The first laparoscopic appendectomy was reported in 1982, and this approach has 
become the gold standard for acute appendicitis management due to decreased post-
operative pain, shorter hospital stay, and better cosmesis [1, 4]. One port is placed 
in the umbilicus, which is used to explore the peritoneal cavity and confirm the 
diagnosis of acute appendicitis [2, 5]. The ease of confirming the diagnosis is a 
major advantage of laparoscopic surgery over an open technique. Two additional 
ports, typically placed in the left lower quadrant and suprapubic areas, allow place-
ment of working instruments. The mesoappendix is secured by staples or electro-
cautery, and a linear stapling device or endoloop is used to secure the base of the 
appendix. The appendix is then removed, often after placing it into a plastic bag 
endoscopically [2]. Endoloop closures appear to have outcomes comparable to 
those of a stapling device vis-à-vis operative time and safety, but are markedly 
cheaper [6]. Some surgeons prefer the stapler due to its ease of application and in 
cases where the base of the appendix is thickened or friable [2].

Innumerable studies have attempted to compare open to laparoscopic surgery in 
terms of operative times and costs, incidence of wound and organ space infection, 
pain control, and hospital stay. Meta-analyses comparing the two techniques gener-
ally suggest that laparoscopic surgery is more expensive but faster than open sur-
gery, especially with increased practice, and results in shorter hospital lengths of 
stay and reduced incidences of superficial wound infections [3, 7]. Most studies also 
suggest that there is a slightly higher rate of intra-abdominal infections following 
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laparoscopic surgery for perforated appendicitis in comparison to open surgery, but 
these associations are less uniform [8].

Large single-center observational studies and national database studies have sug-
gested that the laparoscopic approach for both simple and perforated appendicitis is 
more expensive than open but otherwise has comparable or better outcomes in terms 
of the above measures and leads to less postoperative pain and earlier discharge [7, 
9]. No randomized control study, however, has been carried out to help prove cau-
sality, and none is likely to occur as laparoscopy has become the preferred approach 
among pediatric surgeons in the United States. Even in the past 5 years, techniques 
and approaches continue to be refined in an effort to decrease cost and shorten hos-
pital length of stay [10, 11].

 Single-Incision Laparoscopic Surgery (SILS)

Recently, single-incision laparoscopic surgery (SILS) has been introduced to the 
pediatric population and has shown to be equal to the conventional three-trocar 
laparoscopic technique [4, 5]. A 2 or 3 cm port is placed into the umbilicus, and all 
the tools are used through this single port. This technique requires advanced laparo-
scopic skills as multiple tools placed through one port can lead to instrument clash-
ing inside and outside the abdomen. Visualization and tissue manipulation are more 
difficult within one port, and the operation can be more time-consuming than con-
ventional laparoscopic surgery, particularly early in the learning curve [4, 12]. 
Furthermore, placement of a second port is sometimes required to allow for easier 
dissection and triangulation. Maintaining cosmetic advantages and decreasing pain 
over the three-trocar approaches takes learning as well [13]. However, with practice, 
these disadvantages can significantly improve over time [13, 14].

With the advancement to SILS, surgeons have been concerned about the out-
comes and costs that come along with this procedure compared to traditional lapa-
roscopic procedures. In comparing the two techniques, Wieck et al. found that in 
non-perforated appendicitis, SILS had significant shorter operative times, decreased 
costs, and shorter hospital stays. Even more so, there was no difference in the rate 
of wound infection or abscess formation regardless of appendicitis severity [15, 16]. 
In addition, postoperative analgesic requirements were equivalent, but the SILS 
technique was felt to have a better cosmetic outcome [15, 17].

Other studies that have shown SILS take longer time in the OR by just a few min-
utes, which leads to greater charges. However, they still have similar postoperative 
morbidity and wound infection rates [16, 18]. At this time, there is no randomized, 
prospective study that has compared the outcomes of SILS and laparoscopic surgery.

 Transumbilical Laparoscopic-Assisted Appendectomy (TULAA)

TULAA is a further advancement in the various techniques to surgically manage 
acute appendicitis, first successfully completed by Pelosi in 1992 [19]. This tech-
nique combines the methods of open and single-port laparoscopic surgeries as a 
single port is placed in the umbilicus to explore the peritoneal cavity and visualize 
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the appendix. One can use a specialized port originally developed by gynecologists 
that has an offset camera lens or a conventional 12 mm port that allows placement 
of a grasping instrument alongside the camera lens (Fig. 11.1). The appendiceal tip 
is grasped and brought into the wound, allowing extracorporeal division of the 
mesoappendix and ligation of the appendiceal base (Fig. 11.2) [19, 20].

While the method may seem more complicated than the other techniques discussed 
thus far, it has been found to have many advantages. Primarily, it has been found to have 
shorter operative times compared to laparoscopic appendectomies, 33 minutes com-
pared to 39 minutes in one study [20]. Operative costs for TULAA are markedly less 
compared to laparoscopic surgeries, in part due to the shorter operative times as well as 
the decreased reliance on disposable items. For example, TULAA uses an absorbable 
suture rather than staples or endoloops for appendiceal base control and does not require 
an endocatch bag; these savings can approach $1000 per case [19, 21, 22].

Even when removing the appendix extracorporeally, there has been no increase 
in the rate of complications and wound infections [18, 23] (Fig. 11.3). Similarly, the 
cosmetic results have been found to be better than the other techniques [23, 24]. 
Some studies have found TULAA to be a practical alternative to conventional lapa-
roscopic or open appendectomy [24, 25].

Fig. 11.1 Instruments 
placed side by side in 
single-port transumbilical 
operation
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Fig. 11.2 Appendix 
grasped intracorporeally

Fig. 11.3 Extracorporeal 
ligation of appendiceal 
base

However, there are some disadvantages to TULAA. Primarily, there is a steep 
learning curve. Using a single port can be difficult for new users as there is increased 
possibility of “tool clashing” [18]. Second, while using TULAA, there are situations 
where it is not safe to continue with one port, in which cases a second port needed 
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to be added, therefore, adding a second scar for the patient. Visnjic et al. found that 
a second port was required in 3–7% of cases, typically for complicated appendicitis 
[20]. With practice and time, these disadvantages can also improve.

 Natural Orifice Transluminal Endoscopic Surgery (NOTES)

While SILS and TULAA are considered essentially “scarless” as there is only a tran-
sumbilical incision that is hidden within the umbilicus, surgeons continue to search 
for a way to remove the appendix without any skin incision. Transgastric and trans-
vaginal appendectomies have been described in adults, although the operation often 
requires placement of a small umbilical assist trocar [26]. Given the ease and overall 
low complication rate of transumbilical surgery, as well as the slow adoption of 
NOTES appendectomy in adult surgery, there has been very little interest generated in 
pediatric NOTES appendectomy to date [27]. As instrument miniaturization evolves, 
NOTES techniques may someday be popularized, at least in older pediatric patients.

NOTES requires specialized tools, which may also play into part the slow adop-
tion of this technique in both adult and pediatric populations. There is an adaption 
to NOTES that has been developed to make a single incision while using the endo-
scope, known as single-incision pediatric endoscopic surgery (SIPES) [28]. This 
technique still offers essentially a scarless surgery and offers a more broad applica-
tion. However, there are still some disadvantages with SIPES as exposure can be 
challenging and instruments clash within the single site. Table 11.1 summarizes the 
advantages and disadvantages of the various approaches.

Table 11.1 Comparison of appendectomy techniques

Techniques Advantages Disadvantages
Open Full exposure, rule out gynecological 

pathology, shorter operative time, 
conventional and more easily available 
tools

Typically more postoperative pain, 
larger scar, longer hospital stay

Laparoscopic Decreased pain, improved cosmesis due 
to smaller incisions, shorter hospital stay, 
conventional tools, perhaps lower risk of 
intra-abdominal adhesions

Greater number of scars, increased 
costs, longer operative time

SILS Improved cosmesis (essentially scarless) 
as port is through umbilicus, shorter 
operative time, quicker return to physical 
activity, conventional tools

Advanced skills needed, can hit 
tools unknowingly, expensive

TULAA Safe, effective, basically scarless, 
combines open and laparoscopic 
advantages, shorter operative time, low 
complications rate, excellent cosmetic 
results

Learning curve

NOTES Scarless, quicker return of bowel 
function, decreased post-op pain

Not yet developed for use in 
children, expensive, difficult to 
maneuver, sometimes needs a port 
in umbilicus – adding a scar
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 Conclusion

Laparoscopic appendectomy has generally replaced open appendectomy in the 
pediatric population, although the latter is still used in rural parts of the country 
where adult surgeons may provide a majority of pediatric surgical care. Conventional, 
three-port laparoscopic surgery and its subsequent single site surgery iterations 
appear to be quicker and associated with fewer complications when compared to 
open surgery, at an increased operative cost.

Clinical Pearls

• Laparoscopic appendectomy has become the preferred method for treating 
pediatric appendicitis as it has shorter operative time, shorter hospital stays, 
decreased postoperative pain, and decreased incidence of superficial wound 
infections.

• TULAA allows for combining open and laparoscopic techniques, which has led 
to no increase in wound infections and complications, shorter operative times, 
and decreased operative costs compared to laparoscopic surgery.

• NOTES allows for a scarless surgery but requires highly specialized tools that 
will need to be developed specifically for the pediatric population.
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12The Controversial Role of Interval 
Appendectomy

Alexander W. Peters and Demetri J. Merianos

Case Example
An 11-year-old male with no past medical history presents to the local emergency 
room with 5 days of worsening abdominal pain, nausea, vomiting, and fevers. On 
abdominal exam, he has a tender mass in the right lower quadrant. He has a leuko-
cytosis of 15,000, and on ultrasound he has a right lower quadrant phlegmon from 
presumed complicated appendicitis. He is admitted to the pediatric ward for intra-
venous antibiotics, and his symptoms resolve within a few days. He is discharged 
after 5 days and completes an additional 10 days of oral antibiotic therapy. At his 
1 month follow-up appointment, he reports no further issues and has returned to all 
of his normal activities, including sports. His parents ask you if he needs to have his 
appendix removed. What would you recommend?

 Introduction

Interval appendectomy is defined as removal of the appendix after successful non- 
operative management of acute appendicitis. Traditionally, interval appendectomy 
refers specifically to removal of the appendix after resolution of complicated, or 
perforated, appendicitis, typically associated with an appendiceal mass or abscess. 
However, with the increase in non-operative management of uncomplicated appen-
dicitis, surgeons may be faced with this decision after non-operative management of 
uncomplicated appendicitis as well.
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 Discussion

 Uncomplicated Appendicitis

Since the stated rationale for non-operative management of uncomplicated appendi-
citis is to avoid surgery altogether, one can presume that most surgeons favoring 
interval appendectomy for uncomplicated appendicitis would have instead chosen 
early appendectomy at initial presentation. However, parents who initially agreed to 
non-operative management of uncomplicated appendicitis may later seek definitive 
treatment, especially if their child has further bouts of abdominal pain after 
discharge.

The decision regarding whether or not to perform an interval appendectomy is 
largely based on the evidence-based observation, or more often the perception, of 
the risk of recurrent appendicitis compared to the risks associated with interval 
appendectomy. Several studies have looked at the rate of recurrent appendicitis after 
non-operative management of uncomplicated appendicitis, with recurrence rates 
ranging from 24% to 38% [1–3].

Perioperative complication rates for interval appendectomy after successful non- 
operative management of uncomplicated appendicitis can be presumed to be as low, 
or lower than, complication rates after early appendectomy for uncomplicated 
appendicitis, because the surgeon is less likely to encounter active inflammation 
during the interval procedure. Therefore, the argument against interval appendec-
tomy following successful non-operative management of uncomplicated appendici-
tis is similar to the initial argument in favor of non-operative management of 
uncomplicated appendicitis. Surgeons must weigh the global risk reduction and cost 
savings of removing 24–38 appendices per 100 patients with acute recurrent appen-
dicitis, against removing all 100 appendices up front, or in a controlled, elective, 
interval setting.

 Complicated Appendicitis

The rate of complicated appendicitis in children is estimated to range from 10% to 
30% [4], with the term “complicated appendicitis” encompassing ruptured or perfo-
rated appendices, in addition to appendiceal abscess, phlegmon, or inflammatory 
mass. The vast majority of interval appendectomies are performed 2–3 months after 
an episode of complicated appendicitis, in patients whose initial episode has been 
successfully managed non-operatively. The rationale for non-operative initial man-
agement of these patients is the fear of higher complication rates (risk of enterot-
omy, need for ileocecectomy, etc.) during early appendectomy in the setting of 
intense intra-abdominal inflammation. While there is significant debate regarding 
the optimal management of these patients, with some surgeons advocating for early 
appendectomy, for the purposes of this chapter, we will consider only patients who 
are successfully managed non-operatively and who are then candidates for elective, 
interval appendectomy.
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As with uncomplicated appendicitis, our decision regarding whether or not to 
perform interval appendectomy again begins with an analysis of the risk of recur-
rent appendicitis versus the risks associated with interval appendectomy. Historically, 
all patients who were managed non-operatively for complicated appendicitis were 
recommended to have interval appendectomy, as the risk of recurrent appendicitis 
was presumed to be high; however, this practice has been called into question over 
the past decade. Several studies have sought to determine the rate of recurrent 
appendicitis after non-operative management of complicated appendicitis, with 
recurrence rates ranging from 8% to 43% [5–9] (see Table 12.1).

In 2007, Puapong et al. followed 72 patients with complicated appendicitis man-
aged non-operatively, for a mean of 7.5 years, 61 of whom did not undergo interval 
appendectomy. Of those 61 patients, 5 (8%) developed recurrent appendicitis, with 
80% of those recurrences occurring within 6 months of the initial episode [5].

A more recent study by Svensson et al. followed 89 patients for a mean of 
5.1 years, after successful non-operative management of complicated appendi-
citis. A total of 12 patients (13%) were readmitted, and 9 patients (10%) under-
went unplanned interval appendectomy, 2 for recurrent appendicitis, 2 for 
readmission with an abscess, 3 for readmission without an abscess, and 2 for 
parental request. In addition, there were 29 patients (33%) seen in the emer-
gency department who did not require surgical intervention, but they did have a 
total of 21 imaging studies [6].

Ein et al. followed 96 pediatric patients with complicated appendicitis for a mean 
of 7 years, with 49 patients being successfully managed non-operatively, without 
planned interval appendectomy. Of these, 21 patients (43%) developed recurrent 
appendicitis, often within 3 months of the initial episode [7].

Lacking large-scale, prospective trials, a systematic review of three studies 
(n = 127) performed by Hall et al. calculated an overall 20.5% incidence of recurrent 
appendicitis after successful non-operative management of complicated appendicitis 
[10]. Interestingly, these rates are similar to rates of recurrent appendicitis after 
uncomplicated appendicitis, which is supported by histopathologic analysis of inter-
val appendectomy specimens after complicated appendicitis, showing that previ-
ously perforated appendices do not generally have an obliterated lumen [11]. Thus, 
there is no reason to think that the risk of recurrent appendicitis would be different 
after complicated appendicitis, as compared to uncomplicated appendicitis.

However, it is widely believed that complication rates after interval appendec-
tomy for complicated appendicitis are significantly higher than complication rates 

Table 12.1 Rate of recurrent appendicitis after non-operative management of complicated 
appendicitis

Non-operative management Recurrent appendicitis
Puapong et al. [5] N = 61, 7.5 year F/U N = 5 (8%)
Svensson et al. [6] N = 89, 5.1 year F/U N = 9 (10%)
Ein et al. [7] N = 49, 7 year F/U N = 21 (43%)
Fawkner-Corbett et al. [8] N = 69, 3 month F/U N = 8 (12%)
Tanaka et al. [9] N = 38, 3.3 year F/U N = 13 (34.2%)
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after interval appendectomy for uncomplicated appendicitis, due to the existence of 
intra-abdominal adhesions, scarring, and occasionally smoldering inflammation, 
after complicated appendicitis. While historical complication rates are reported to 
be as high as 23% [12], the previously mentioned systematic review by Hall et al. 
analyzed 23 studies (n  =  1247) for complication rates associated with interval 
appendectomy after successful non-operative treatment of appendiceal mass and 
found the overall incidence to be only 3.4% [10].

 Appendicolith

Several studies have identified the presence of an appendicolith as an independent 
risk factor for failure of non-operative management of children with both uncompli-
cated and complicated appendicitis. In the previously mentioned study by Ein et al., 
the presence of an appendicolith was associated with a 72% rate of recurrent appen-
dicitis, compared with a 26% recurrence rate in those patients who did not have an 
appendicolith [7]. In a study by Tanaka et al., 47% (9/19) of patients with an appen-
dicolith failed non-operative management, compared to 24% (14/59) of patients 
without an appendicolith (p = 0.05) [2].

An additional study by Zhang et al. showed that the risk of recurrent appendicitis 
after non-operative management of complicated appendicitis was approximately 
twice as high (19%) in children with appendicolith, as compared to children without 
appendicolith (9%) [13]. Finally, a recent prospective trial in the United States that 
evaluated non-operative management of uncomplicated appendicitis in children 
with an appendicolith was terminated early due to high failure rate of non-operative 
management [14]. Therefore, most authors recommend that patients with an appen-
dicolith in the setting of complicated appendicitis should be offered interval appen-
dectomy and most protocols for non-operative management of uncomplicated 
appendicitis exclude patients with appendicoliths.

 Histopathology

Another variable affecting the decision to perform interval appendectomy is the 
ability to diagnose neuroendocrine (carcinoid) tumors, or other significant patholo-
gies, such as granulomatous appendicitis as the initial presentation of Crohn’s dis-
ease. Non-operative management without interval appendectomy precludes 
histopathological inspection of the appendix, which has been shown to contain a 
neuroendocrine tumor in 0.3–0.8% of pediatric patients [15]. Similarly, the previ-
ously mentioned systematic review by Hall et al. examined 15 studies (n = 955) and 
reports the incidence of carcinoid tumors to be 0.9% [10]. Other diagnoses, such as 
right ovarian torsion, or Meckel’s diverticulitis, are also occasionally diagnosed 
during surgical exploration for suspected appendicitis, but these entities are consid-
ered less likely to be missed with advances in radiology and other modern 
diagnostics.
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 Conclusion

In summary, despite several studies evaluating the role of interval appendectomy, 
the procedure remains controversial. Although complications associated with elec-
tive interval appendectomy are minimal, complications associated with emergent 
appendectomy for recurrent appendicitis also remain low, and at least two studies 
suggest that recurrences may present with more mild clinical symptoms [9, 16]. 
Therefore, given the relatively low risk of recurrent appendicitis, several studies 
have come to the conclusion that interval appendectomy may not be necessary.

Nevertheless, while there seems to be consensus in favor of interval appendec-
tomy in the setting of a known appendicolith, conclusive data for most other ques-
tions remains elusive. While the data broadly suggests that interval appendectomy 
may represent an avoidable expense from a health system perspective, interval 
appendectomy may still save many patients the inconvenience of unplanned ER vis-
its, readmissions, emergency surgery, and, in rare cases, missed or delayed diagnoses 
of other significant pathologies. Therefore, pediatric surgeons must carefully weigh 
any decision to pursue or refrain from interval appendectomy following successful 
non-operative therapy within the context of each individual patient. Figure 12.1 illus-
trates a proposed treatment algorithm, based on currently available data.

Regardless of our personal beliefs or preferences, as pediatric surgeons, we have 
an ethical and moral obligation to disclose the risks, benefits, and probabilities to 
our patients and their families and ensure that whatever decision is made regarding 
the management of their child is made in the best interests of the child. However, as 
healthcare providers we are also stewards of healthcare expenditures, and we have 
an additional ethical and moral obligation to reduce spending in instances where no 
proven benefit exists to support a more expensive therapy.

Patient presents to discuss need for interval
appendectomy after episode of appendicitis

No known appendicolith: discuss 20% risk
of recurrent appendicitis within one year
vs <2% risk of perioperative complication

No known appendicolith: discuss 20% risk
of recurrent appendicitis within one year
vs >2% risk of perioperative complication

Initial episode uncomplicated Initial episode complicated

Known appendicolith: discuss >20% risk
of recurrent appendicitis within one year
vs <2% risk of perioperative complication

Known appendicolith: discuss >20% risk
of recurrent appendicitis within one year
vs >2% risk of perioperative complication

Discuss <1% risk of unexpected finding on histopathology of appendix

Fig. 12.1 Proposed treatment algorithm for discussing the merits of interval appendectomy with 
patients and their parents
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Therefore, it appears that the challenge in deciding whether or not to recommend 
interval appendectomy lies not in the data itself but rather in the lens through which 
it is viewed. Is a 20% rate of recurrent appendicitis considered a failure in 20% of 
patients who otherwise could have had their disease surgically cured at their initial 
presentation, or does it represent a triumph in the 80% of children who were spared 
an unnecessary operation? This ideological struggle is well illustrated by the title of 
a recent study by Tanaka et al. [9], which asks the following question: “More than 
one-third of successfully non-operatively treated patients with complicated appen-
dicitis experienced recurrent appendicitis: Is interval appendectomy necessary?” It 
depends on how we define “successfully treated.” Either way, the decision to pursue 
interval appendectomy in pediatric patients is complex and, in lieu of clearer data, 
must be carefully weighed in the context of every child.

Clinical Pearls

• Interval appendectomy may be preferable in cases where a fecolith is identified.
• A balanced discussion of the pros and cons of interval appendectomy is needed 

on a case-by-case basis.
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for Postoperative Complications 
in Pediatric Appendicitis

Cynthia Susai, Julie Monteagudo, and Francois I. Luks

Case Example
Six days after a laparoscopic appendectomy for perforated appendicitis and perito-
nitis, a 12-year-old male is finally tolerating sips of clear liquids. His maximal tem-
perature has decreased from 103 °F (39.4 °C) on postoperative day 2 to 101.5 °F 
(38.6  °C). He still has abdominal tenderness, although he is less distended than 
before, and he is passing flatus. He had one episode of very loose stools.

When should he be worked up for an intra-abdominal abscess? Which factors 
(vital signs, laboratory tests, and other findings) would be the most reliable indica-
tors of an infectious complications, if any? When and how would you image him?

 Introduction

The overall complication rate from appendicitis ranges between 10% and 15% [1, 
2]. Most complications are infectious in nature, ranging from superficial wound 
infections to intra-abdominal and pelvic abscesses. The exact risk depends on the 
disease process: while early uncomplicated appendicitis has complication rates 
ranging from 1% to 7%, these rates increase up to 30% in the presence of perfora-
tion and peritonitis [3, 4]. Similarly, non-perforated gangrenous appendicitis poses 
a greater risk of postoperative surgical site infection and intra-abdominal abscesses 
than simple appendicitis [5]. Other factors associated with the development of post-
operative complications include the urgent nature of the intervention, the inherent 
risk of anesthesia, and the risks of the intervention itself.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-15006-8_13&domain=pdf
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 Predicting Postoperative Complications

 Preoperative Risk Factors

The most important predictor of postoperative complications is preoperative status 
of the appendix, i.e., the presence or absence of perforation. However, other preop-
erative factors can influence the outcome, either independently or by increasing the 
risk of perforation. Frequently cited risk factors include age and body mass index. 
Appendicitis is much less common in very young children (under 5 years) than in 
school-age children, but when it occurs it is most often in an advanced state [6]. 
Reasons include a less reliable history of periumbilical pain, migrating to the right 
lower quadrant [7, 8]; scant omentum, which in older children and adults tends to 
home in on the inflammatory process, protecting the remainder of the peritoneal 
cavity [9]; and its rarity, leading care providers to think of other conditions first [10]. 
Overweight children may have an increased risk of presenting in advanced stages of 
appendicitis [11] and have a higher inherent risk of postoperative complications, 
including wound infections and respiratory problems [12, 13]. However, under-
weight children are also at risk, with higher rates of misdiagnosis, longer hospital 
length of stay, and more postoperative complications compared with children of 
normal weight [14].

Many researchers have examined whether race and ethnicity [15–18], socioeco-
nomic status [15, 16], geography [19], insurance status [20], or other epidemiologic 
factors affect access to care and, by extension, complication rate as it relates to 
advanced disease. Results are conflicting, but delay of care for any reasons corre-
lates with an increased rate of complications [21].

Other indicators are not independent risk factors but purportedly predict the pres-
ence of advanced disease and perforation. These include preoperative leukocytosis, 
preoperative diarrhea, delay in presentation, and risk of perforation [22–25]. 
Overall, factors that suggest advanced disease are of academic interest only, since 
most children undergo preoperative imaging, which better demonstrates the severity 
of appendicitis.

 Intraoperative Risk Factors

Appendectomy, as any surgery, involves risks inherent to the operation itself. If it is 
performed as an emergency, appendectomy places the patient at risk for aspiration 
pneumonitis on induction of anesthesia in the presence of a full stomach. Of note, 
delaying surgery, as long as it occurs within 24 hours of presentation, is not associ-
ated with increased risk of complicated appendicitis or adverse outcomes [26], sug-
gesting that appendectomy can be safely performed as an urgent procedure, rather 
than as an emergency. This area of controversy is discussed in more detail elsewhere 
in this publication. Risks associated with any operation, urgent or not, include loss 
of airway, cardiac arrhythmias, and, very rarely, malignant hyperthermia. Any 
comorbidity may of course increase these risks [27].
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Variations in operative technique do not appear to affect the outcome or the risk 
of postoperative complications, as long as sound surgical principles are observed. 
Inversion of the appendiceal stump has long ago been shown to offer no advantage 
over simple ligation [28]; laparoscopically, stapling and ligating the appendix are 
equally acceptable [29, 30]. It had been suggested that the incidence of peritoneal 
abscesses was higher after laparoscopic than after open appendectomy for perfo-
rated appendicitis [31], but this is no longer a topic of debate [32–35]. Today, more 
than 85% of all appendectomies in children are performed laparoscopically [36].

Controversy surrounding peritoneal irrigation, in both simple appendicitis and 
diffuse peritonitis, has largely subsided. In early, suppurative appendicitis, small 
amounts of serous or seropurulent fluid can safely be suctioned, without the need of 
irrigation [37–39]. If frank purulence is present, irrigation with warmed physiologic 
fluid should be performed until clear return. In general, placing the patient in a 
reverse Trendelenburg or Fowler position promotes dependent drainage of any 
residual fluid toward the pelvis, facilitating postoperative drainage if an abscess 
were to develop [40].

 Postoperative Risk Factors

Persistent fever beyond a week postoperatively, persistent or worsening nausea, 
vomiting, diarrhea, and abdominal pain are all signs of an infectious or obstructive 
complication and warrant further work-up. Any of these signs and symptoms can 
occur during the patient’s hospitalization or after hospital discharge. Traditionally, 
halting antibiotic therapy or discharging a patient who has a persistent fever or leu-
kocytosis significantly increases the risk of readmission for an infectious complica-
tion [41].

In non-perforated appendicitis, one perioperative dose of broad-spectrum antibi-
otics is typically enough to prevent complications such as wound infection, unless 
significant delay exists prior to surgery [42, 43]. For the management of perforated 
appendicitis, duration of postoperative intravenous antibiotic therapy should be 
based on clinical criteria such as abdominal pain and fever. This can be achieved 
with broad-spectrum single-, double-, or triple-agent therapy (although single or 
double agent is usually more cost-effective). Whether double pseudomonas cover-
age or coverage for gram-positive anaerobes such as enterococcus is necessary 
remains controversial [44–48]. With perforated appendicitis, intravenous antibiotics 
administered for less than 5 days are often supplemented with oral antibiotics for a 
course of 7 days [49, 50]. Finally, growing concerns about bacterial resistance to 
antibiotics may need to be addressed.

While it is relatively easy to identify patients who present with a complication, 
the difficulty lies in the early postoperative prediction of which patients are at a high 
risk of complications [51, 52]. There have been countless efforts to identify early 
postoperative indicators of infectious complications. To date, no reliable markers 
have been found. Fever on postoperative day 3 [41], leukocytosis on postoperative 
day 5 [25], prolonged anorexia [53], elevated serum C-reactive protein [24, 54], and 
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appendiceal size have been cited as predictors of postoperative complications [25, 
53, 55, 56]. However, most of these markers correlate with the (preoperative) extent 
of the disease and are therefore not independent predictors of a complication [55]. 
Only early postoperative diet tolerance seems to suggest an increased risk of abdom-
inal abscess. In a recent small study of children with perforated appendicitis, none 
of the patients who were later found to have an abscess were tolerating a regular diet 
by postoperative day 3, while none of those on a regular diet developed this compli-
cation [53].

 Diagnosing Postoperative Complications

 Infectious Complications

 Superficial SSI
These are often detected on physical exam, with pain and purulence noted along 
the area of the incision(s). While clinical examination is usually straightforward, 
ultrasonography can sometimes help identify an abdominal wall infection (deep 
SSI). Computed tomography (CT) can be used as well, particularly in suspected 
cases of deeper (intra-abdominal), as well as abdominal wall involvement. Axial 
imaging (ultrasound (U/S)) or CT can also help determine the integrity of the 
fascial closure, if it is complicated by infection [57]. The incidence of superficial 
SSI after perforated appendicitis was once believed to be lower after laparo-
scopic appendectomy than after open surgery, with rates of 1–3% [1], but there 
is currently no evidence that these differences, if present, are statistically signifi-
cant [31].

 Deep Space Infections
Deep SSI, such as an intra-abdominal abscess, should be suspected if the postopera-
tive course is marked by persistent fevers (there is a positive correlation between 
abscess development and maximum daily temperature after postoperative day 3 
[41]), nausea, vomiting, persistent diarrhea, dysuria or urinary retention, worsening 
abdominal or suprapubic pain and tenderness, and anorexia. Suspicion should be 
high if a patient is not tolerating a normal diet by postoperative day 5–7, and failure 
to resume a regular diet by postoperative day 3 may raise the suspicion of deep 
space infection [53]. Certainly, patients who recovered well initially and later pres-
ent with any of these symptoms (during the same hospitalization or after discharge) 
should be worked up for a deep space infection. A higher degree of suspicion should 
also be prompted by risk factors such as obesity, preoperative leukocytosis >20,000/
mm3, and operative time longer than 90 minutes [12, 25, 58–60].

The timing of abscess development varies greatly between patients, but there is 
a continuum from postoperative fluid collections (from inflammation, residual irri-
gation fluid, and resuscitative efforts) to well-formed abscess, defined as a dense 
fluid collection surrounded by an enhancing rim (Fig. 13.1) [61]. Imaging can be 
obtained between postoperative days 5 and 7 to evaluate for abscess. Refraining 
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from earlier imaging (when a clear abscess wall is not yet present and spontaneous 
resolution can still occur) might result in fewer interventions (including CT scans 
and drainage procedures) without increasing adverse outcomes [62].

 Other Postoperative Complications

Intestinal obstruction can be both a presenting sign of appendicitis and a postoperative 
complication. Peritoneal adhesions are the cause of 65–75% of all small bowel obstruc-
tions. In adults, the laparoscopic approach may reduce adhesion formation, but this 
finding has been challenged and has not been demonstrated in children [63]. Although 
the lifelong incidence of surgical intervention for adhesion-related disease is 0.8% for 
appendectomy [64], it is more likely to resolve with conservative measures if it occurs 
within the first few postoperative weeks [65]. While this complication can occur after 
any intra-abdominal operation, regardless of the underlying condition, intra-abdominal 
infections such as perforated appendicitis increase the risk of adhesive disease, cer-
tainly in the acute period. Intra-abdominal sepsis in girls is of particular concern, as it 
was reportedly associated with decreased fertility from pelvic scarring and adhesions 
[66]. That finding has been refuted in recent years, however [67].

True small bowel obstruction must be differentiated from prolonged ileus, which 
is not uncommon after complicated appendicitis. In the postoperative period, nau-
sea and vomiting, especially bilious vomiting, require further investigation. A sec-
ondary ileus is often associated with too rapid diet progression. Absent bowel 
sounds are an indication of intestinal paralysis, and conservative treatment is war-
ranted. Placement of a nasogastric tube is not mandatory but recommended for pro-
tracted vomiting and to ease the patient’s discomfort and abdominal pain. A plain 
upright (or lateral decubitus) radiograph should differentiate between ileus and 
obstruction: the presence of differential air-fluid loops suggests an obstructive 

Fig. 13.1 U/S (left) and CT scan (right) images of a pelvic abscess (*). Note the hyperechoic 
abscess wall (arrows)
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process, whereas diffusely dilated loops of small and large bowel make an ileus 
more likely. In case of doubt, an abdominal CT (preferably with enteric contrast) 
will help determine the presence of an obstruction, by demonstrating collapsed dis-
tal bowel loops, and possibly a transition point.

Clostridium difficile is an important cause of antibiotic-associated diarrhea and 
other manifestations of overgrowth colitis and one of the most common healthcare- 
associated pathogens. The manifestation of C. difficile can vary from asymptomatic 
colonization of the colon to mild diarrhea to ileus, toxic megacolon, hypotension, or 
shock [68]. The most common presentation of C. difficile is acute-onset watery diar-
rhea (more than three loose bowel movements a day) during or after a course of 
antibiotics. Severe disease may be associated with leukocytosis greater than 15,000 
white blood cells/mm3, elevated serum creatinine, hypoalbuminemia, or lactic aci-
dosis. Laboratory testing includes polymerase chain reaction (PCR) assay for C. 
difficile toxin in a stool specimen that is loose or semi-formed [69].

 Treating Postoperative Complications

 Superficial SSIs

In superficial SSI, the wound must be opened and, if deep enough, irrigated and 
packed. In the presence of an abscess, wound drainage is sufficient therapy. If cel-
lulitis or deeper tissue infection is present as well, broad-spectrum antibiotics may 
be required. In those cases, a wound culture can help guide therapy.

Historically, a contaminated or dirty wound would be left open to heal by sec-
ondary intention. The fear was that skin closure in a contaminated setting increased 
the risk for deeper infections, including potentially fatal necrotizing fasciitis. 
However, in the case of perforated appendicitis, there is no difference in superficial 
surgical site infections between patients who have their wound primarily closed 
after operation versus those that have delayed primary closure at postoperative day 
3–5 [70]. It has long been established that overall patient quality of life is improved 
with primary closure of infected wounds, given the current incidence of wound 
infections requiring intervention [71].

 Deep Space Infection

The management of abdominal and pelvic abscesses has dramatically changed in 
recent decades. While reoperation was often necessary, less invasive techniques are 
now commonplace and should be considered first.

 Percutaneous Drain Placement

While this section addresses postoperative complications, percutaneous drainage of 
an appendiceal abscess can also be considered up front in selected patients with 
perforated appendicitis, when symptoms are relatively mild and up-front operative 
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appendectomy might substantially worsen the patient’s condition [72]. Patients with 
a well-circumscribed peri-appendiceal abscess can be treated with percutaneous 
drainage, with appendectomy generally deferred [73]. The same approach is used 
for postoperative abscesses. Generally, percutaneous drainage is performed in intra- 
abdominal abscesses greater than 2 cm in diameter. Relative contraindications for 
percutaneous drainage include poorly localized, loculated, complex, or diffuse fluid 
collections and suspicion of necrotic tissue or high density fluid, making successful 
drainage less likely. In these cases, or in the presence of inaccessible collections, 
surgical intervention may be needed. Collections smaller than 2 cm in diameter may 
not need to be drained and can instead be treated with antibiotics [74, 75].

According to some, percutaneous drainage under CT guidance (Fig. 13.2) has higher 
rates of resolution of clinical symptoms and decreased rates of recurrence than with 
ultrasound [76]. Thus, while ultrasound avoids radiation exposure and may be more 
readily available, it could have higher rates of failure and recurrence [77]. Percutaneous 
drainage can be performed under sedation or general anesthesia, depending on the 
patient’s age and degree of anxiety, and on local and cultural factors at each institution. 
The trans-gluteal approach (Fig. 13.3) has been shown to be superior to the transab-
dominal approach in terms of complete resolution of clinical symptoms and decreased 
recurrence rates. It may also be the way to avoid injury to adjacent bowel in some cases. 
However, it is typically more uncomfortable or painful than other routes [76].

Although aspiration can be successful in smaller abscesses with non-thick fluid, 
there is moderate evidence to suggest that leaving the drain in place is more success-
ful [78, 79]. In the presence of thick purulent drainage, daily flushing of the drainage 
catheter can be performed with 5–10 mL of saline, making sure to track the irrigation 
volume. The drain is generally left in place until drain output is minimal. Reimaging 
is a subject of debate and is not generally used to determine drain removal.

 Transrectal Drainage

Deep pelvic abscesses that are inaccessible to percutaneous drainage may be drained 
transrectally. This technique has been well described since Fowler [80, 81], who 

Fig. 13.2 Drainage of an intra-abdominal abscess (asterisk, left) under CT scan guidance (arrow: 
drain entering the right flank at the level of the umbilicus, right)
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advocated positioning a patient with peritonitis in a semi-sitting position, to effect 
drainage of peritoneal collections into the perirectal space – where it could more 
easily be accessed. With the advent of image-guided intervention, transrectal drain-
age has become much less common but may be the only method to access the deep 
pelvic collections [82], short of reoperation. For this approach, general anesthesia is 
typically required [83]. A retrorectal approach is the safest, to avoid other pelvic 
structures and vessels. The mass effect and fluctuation of the bulging abscess is 
determined digitally, and an incision is made at the level of the dentate line (or at the 
point of greatest fluctuation), draining the collection into the rectum. A soft drain 
can be left in place for a few days.

 Operative Intervention

For very large intra-abdominal abscesses (10 cm in diameter or greater), or for com-
plex or multiple collections not amenable to percutaneous drainage, surgical reinter-
vention may be inevitable. Laparoscopic drainage is a minimally invasive and useful 
alternative to open exploration, but there is a certain risk of bowel injury secondary to 
postoperative adhesive changes, particularly after extensive peritonitis. It offers the 
advantage of exploring the abdomen and aspirating the purulent exudate under direct 
vision [84, 85]. However, it may be difficult to distinguish a walled-off collection 
from an adherent loop of intestine, and one should have a low threshold to convert to 
laparotomy. Copious peritoneal washout is performed after draining the abscess(es); 
unless there is a well-defined abscess cavity, a drain is usually not left in place.

 Other Complications

C. difficile is generally treated by discontinuing the inciting antibiotic and support-
ive care. Either oral vancomycin or metronidazole is suggested for treatment of a 
first episode of non-severe C. difficile infection. In the case of inability to tolerate 

Fig. 13.3 CT scan of a 
trans-gluteal catheter 
(arrow) draining the 
abscess depicted in 
Fig. 13.1

C. Susai et al.



127

PO, IV metronidazole or rectal vancomycin may be administered. For toxic mega-
colon, colonic perforation, acute abdomen, or septic shock, surgery in the form of a 
subtotal colectomy and diversion ileostomy may be required for lifesaving treat-
ment [86].

The treatment of prolonged (or secondary) ileus is intestinal decompression, 
intravenous hydration, and patience. Early postoperative intestinal obstruction can 
often be treated non-operatively. However, failure to recover at all after appendec-
tomy for perforated appendicitis should raise the suspicion of a persistent obstruc-
tion (often on a kinked intestinal loop that is involved in the inflammatory process). 
In that case, early diagnosis (CT scan) and surgical intervention may be warranted.

 Conclusion

Although the majority of patients who undergo treatment for appendicitis fair well 
postoperatively, a sizeable number of individuals will experience a complicated 
course. The timely and accurate diagnosis of these complications and subsequent 
management are important in optimizing their course and improving long-term out-
comes. In the case example, this patient presented several findings that concerning 
for complication. Firstly, he presented with a perforated appendicitis and now 
6 days later continues to have poor appetite, fevers, abdominal pain, distention, and 
loose stools. His work-up should include U/S and/or CT to evaluate for deep SSI. He 
is already 6 days post-op so imaging is indicated at this time.

Clinical Pearls

• There are no early signs (within 48 hours) of symptoms that reliably predict the 
development of an abdominal or pelvic abscess.

• Tolerating a regular diet on postoperative day 3 appears to be a good negative 
predictor for deep space infection.

• Diagnostic imaging of the abdomen and pelvis before postoperative day 5 may 
overestimate the incidence of abscesses: fluid collections without a well-defined 
rind may still resolve with antibiotics and conservative measures alone.

References

 1. van Rossem CC, Bolmers MD, Schreinemacher MH, van Geloven AA, Bemelman WA, 
Snapshot Appendicitis Collaborative Study G. Prospective nationwide outcome audit of sur-
gery for suspected acute appendicitis. Br J Surg. 2016;103(1):144–51.

 2. Tiboni S, Bhangu A, Hall NJ, Paediatric Surgery Trainees Research N, The National Surgical 
Research C. Outcome of appendicectomy in children performed in paediatric surgery units 
compared with general surgery units. Br J Surg. 2014;101(6):707–14.

 3. Emil S, Laberge JM, Mikhail P, Baican L, Flageole H, Nguyen L, et al. Appendicitis in chil-
dren: a ten-year update of therapeutic recommendations. J Pediatr Surg. 2003;38(2):236–42.

13 Diagnostic and Management Strategies for Postoperative Complications…



128

 4. St Peter SD, Sharp SW, Holcomb GW 3rd, Ostlie DJ.  An evidence-based definition 
for perforated appendicitis derived from a prospective randomized trial. J Pediatr Surg. 
2008;43(12):2242–5.

 5. Romano A, Parikh P, Byers P, Namias N.  Simple acute appendicitis versus non-perforated 
gangrenous appendicitis: is there a difference in the rate of post-operative infectious complica-
tions? Surg Infect. 2014;15(5):517–20.

 6. Almaramhy HH. Acute appendicitis in young children less than 5 years: review article. Ital J 
Pediatr. 2017;43(1):15.

 7. Davenport M. Acute abdominal pain in children. BMJ. 1996;312(7029):498–501.
 8. Irish MS, Pearl RH, Caty MG, Glick PL. The approach to common abdominal diagnosis in 

infants and children. Pediatr Clin N Am. 1998;45(4):729–72.
 9. Dillman JR, Smith EA, Morani AC, Trout AT. Imaging of the pediatric peritoneum, mesentery 

and omentum. Pediatr Radiol. 2017;47(8):987–1000.
 10. Alloo J, Gerstle T, Shilyansky J, Ein SH. Appendicitis in children less than 3 years of age: a 

28-year review. Pediatr Surg Int. 2004;19(12):777–9.
 11. Garey CL, Laituri CA, Little DC, Ostlie DJ, St Peter SD. Outcomes of perforated appendicitis 

in obese and nonobese children. J Pediatr Surg. 2011;46(12):2346–8.
 12. Blanco FC, Sandler AD, Nadler EP. Increased incidence of perforated appendicitis in children 

with obesity. Clin Pediatr (Phila). 2012;51(10):928–32.
 13. Kutasy B, Puri P. Appendicitis in obese children. Pediatr Surg Int. 2013;29(6):537–44.
 14. Timmerman ME, Groen H, Heineman E, Broens PM.  The influence of underweight 

and obesity on the diagnosis and treatment of appendicitis in children. Int J Color Dis. 
2016;31(8):1467–73.

 15. Tian Y, Sweeney JF, Wulkan ML, Heiss KF, Raval MV. The necessity of sociodemographic 
status adjustment in hospital value rankings for perforated appendicitis in children. Surgery. 
2016;159(6):1572–82.

 16. Putnam LR, Tsao K, Nguyen HT, Kellagher CM, Lally KP, Austin MT. The impact of socio-
economic status on appendiceal perforation in pediatric appendicitis. J Pediatr. 2016;170:156–
60.e1.

 17. Lassiter RL, Hatley RM. Differences in the management of perforated appendicitis in children 
by race and insurance status. Am Surg. 2017;83(9):996–1000.

 18. Zwintscher NP, Steele SR, Martin MJ, Newton CR. The effect of race on outcomes for appen-
dicitis in children: a nationwide analysis. Am J Surg. 2014;207(5):748–53; discussion 53.

 19. Penfold RB, Chisolm DJ, Nwomeh BC, Kelleher KJ. Geographic disparities in the risk of 
perforated appendicitis among children in Ohio: 2001–2003. Int J Health Geogr. 2008;7:56.

 20. Smink DS, Fishman SJ, Kleinman K, Finkelstein JA. Effects of race, insurance status, and 
hospital volume on perforated appendicitis in children. Pediatrics. 2005;115(4):920–5.

 21. Buckius MT, McGrath B, Monk J, Grim R, Bell T, Ahuja V. Changing epidemiology of acute 
appendicitis in the United States: study period 1993–2008. J Surg Res. 2012;175(2):185–90.

 22. Narsule CK, Kahle EJ, Kim DS, Anderson AC, Luks FI. Effect of delay in presentation on rate 
of perforation in children with appendicitis. Am J Emerg Med. 2011;29(8):890–3.

 23. Bickell NA, Aufses AH Jr, Rojas M, Bodian C. How time affects the risk of rupture in appen-
dicitis. J Am Coll Surg. 2006;202(3):401–6.

 24. Frongia G, Mehrabi A, Ziebell L, Schenk JP, Gunther P. Predicting postoperative complica-
tions after pediatric perforated appendicitis. J Investig Surg. 2016;29(4):185–94.

 25. Obayashi J, Ohyama K, Manabe S, Tanaka K, Nagae H, Shima H, et al. Are there reliable 
indicators predicting post-operative complications in acute appendicitis? Pediatr Surg Int. 
2015;31(12):1189–93.

 26. Serres SK, Cameron DB, Glass CC, Graham DA, Zurakowski D, Karki M, et  al. Time to 
appendectomy and risk of complicated appendicitis and adverse outcomes in children. JAMA 
Pediatr. 2017;171(8):740–6.

 27. Habre W, Disma N, Virag K, Becke K, Hansen TG, Johr M, et al. Incidence of severe critical 
events in paediatric anaesthesia (APRICOT): a prospective multicentre observational study in 
261 hospitals in Europe. Lancet Respir Med. 2017;5(5):412–25.

C. Susai et al.



129

 28. Oncu M, Calik A, Alhan E. A comparison of the simple ligation and ligation inversion of the 
appendiceal stump after appendectomy. Chir Ital. 1991;43(5–6):206–10.

 29. van Rossem CC, van Geloven AA, Schreinemacher MH, Bemelman WA, Snapshot Appendicitis 
Collaborative Study G. Endoloops or endostapler use in laparoscopic appendectomy for acute 
uncomplicated and complicated appendicitis: no difference in infectious complications. Surg 
Endosc. 2017;31(1):178–84.

 30. Safavi A, Langer M, Skarsgard ED. Endoloop versus endostapler closure of the appendiceal 
stump in pediatric laparoscopic appendectomy. Can J Surg. 2012;55(1):37–40.

 31. Horvath P, Lange J, Bachmann R, Struller F, Konigsrainer A, Zdichavsky M. Comparison of 
clinical outcome of laparoscopic versus open appendectomy for complicated appendicitis. 
Surg Endosc. 2017;31(1):199–205.

 32. Oka T, Kurkchubasche AG, Bussey JG, Wesselhoeft CW Jr, Tracy TF Jr, Luks FI.  Open 
and laparoscopic appendectomy are equally safe and acceptable in children. Surg Endosc. 
2004;18(2):242–5.

 33. Jaschinski T, Mosch C, Eikermann M, Neugebauer EA. Laparoscopic versus open appendec-
tomy in patients with suspected appendicitis: a systematic review of meta-analyses of ran-
domised controlled trials. BMC Gastroenterol. 2015;15:48.

 34. Sauerland S, Jaschinski T, Neugebauer EA. Laparoscopic versus open surgery for suspected 
appendicitis. Cochrane Database Syst Rev. 2010;10:CD001546.

 35. Nataraja RM, Teague WJ, Galea J, Moore L, Haddad MJ, Tsang T, et  al. Comparison of 
intraabdominal abscess formation after laparoscopic and open appendicectomies in children. J 
Pediatr Surg. 2012;47(2):317–21.

 36. Newman K, Ponsky T, Kittle K, Dyk L, Throop C, Gieseker K, et al. Appendicitis 2000: vari-
ability in practice, outcomes, and resource utilization at thirty pediatric hospitals. J Pediatr 
Surg. 2003;38(3):372–9; discussion 9.

 37. Hajibandeh S, Hajibandeh S, Kelly A, Shah J, Khan RMA, Panda N, et al. Irrigation versus 
suction alone in laparoscopic appendectomy: is dilution the solution to pollution? A systematic 
review and meta-analysis. Surg Innov. 2018;25(2):174–82.

 38. Snow HA, Choi JM, Cheng MW, Chan ST. Irrigation versus suction alone during laparoscopic 
appendectomy; a randomized controlled equivalence trial. Int J Surg. 2016;28:91–6.

 39. St Peter SD, Adibe OO, Iqbal CW, Fike FB, Sharp SW, Juang D, et al. Irrigation versus suction 
alone during laparoscopic appendectomy for perforated appendicitis: a prospective random-
ized trial. Ann Surg. 2012;256(4):581–5.

 40. St Peter SD, Snyder CL.  Operative management of appendicitis. Semin Pediatr Surg. 
2016;25(4):208–11.

 41. Fraser JD, Aguayo P, Sharp SW, Snyder CL, Holcomb GW 3rd, Ostlie DJ, et al. Physiologic 
predictors of postoperative abscess in children with perforated appendicitis: subset analysis 
from a prospective randomized trial. Surgery. 2010;147(5):729–32.

 42. Daskalakis K, Juhlin C, Pahlman L. The use of pre- or postoperative antibiotics in surgery for 
appendicitis: a systematic review. Scand J Surg. 2014;103(1):14–20.

 43. Ali K, Latif H, Ahmad S.  Frequency of wound infection in non-perforated appendi-
citis with use of single dose preoperative antibiotics. J Ayub Med Coll Abbottabad. 
2015;27(2):378–80.

 44. Skarda DE, Schall K, Rollins M, Andrews S, Olson J, Greene T, et al. Response-based therapy 
for ruptured appendicitis reduces resource utilization. J Pediatr Surg. 2014;49(12):1726–9.

 45. Guillet-Caruba C, Cheikhelard A, Guillet M, Bille E, Descamps P, Yin L, et al. Bacteriologic 
epidemiology and empirical treatment of pediatric complicated appendicitis. Diagn Microbiol 
Infect Dis. 2011;69(4):376–81.

 46. Chen CY, Chen YC, Pu HN, Tsai CH, Chen WT, Lin CH.  Bacteriology of acute 
appendicitis and its implication for the use of prophylactic antibiotics. Surg Infect. 
2012;13(6):383–90.

 47. Bassrawi RK, Al-Otaibi FE. Perforated acute appendicitis complicated by multiple intraab-
dominal abscesses caused by Enterococcus Avium in a non-compromised child. Saudi Med J. 
2009;30(9):1231–2.

13 Diagnostic and Management Strategies for Postoperative Complications…



130

 48. Burnett RJ, Haverstock DC, Dellinger EP, Reinhart HH, Bohnen JM, Rotstein OD, et  al. 
Definition of the role of enterococcus in intraabdominal infection: analysis of a prospective 
randomized trial. Surgery. 1995;118(4):716–21; discussion 21–3.

 49. Lee SL, Islam S, Cassidy LD, Abdullah F, Arca MJ, American Pediatric Surgical Association 
O, et  al. Antibiotics and appendicitis in the pediatric population: an American Pediatric 
Surgical Association Outcomes and Clinical Trials Committee systematic review. J Pediatr 
Surg. 2010;45(11):2181–5.

 50. Fraser JD, Aguayo P, Leys CM, Keckler SJ, Newland JG, Sharp SW, et  al. A complete 
course of intravenous antibiotics vs a combination of intravenous and oral antibiotics 
for perforated appendicitis in children: a prospective, randomized trial. J Pediatr Surg. 
2010;45(6):1198–202.

 51. Loux TJ, Falk GA, Burnweit CA, Ramos C, Knight C, Malvezzi L. Early transition to oral 
antibiotics for treatment of perforated appendicitis in pediatric patients: confirmation of the 
safety and efficacy of a growing national trend. J Pediatr Surg. 2016;51(6):903–7.

 52. Kronman MP, Oron AP, Ross RK, Hersh AL, Newland JG, Goldin A, et al. Extended- versus 
narrower-spectrum antibiotics for appendicitis. Pediatrics. 2016;138(1):e20154547.

 53. Dickinson CM, Coppersmith NA, Luks FI. Early predictors of abscess development after per-
forated pediatric appendicitis. Surg Infect. 2017;18(8):886–9.

 54. Shimizu T, Ishizuka M, Kubota K. The preoperative serum C-reactive protein level is a use-
ful predictor of surgical site infections in patients undergoing appendectomy. Surg Today. 
2015;45(11):1404–10.

 55. Gorter RR, van den Boom AL, Heij HA, Kneepkens CM, Hulsker CC, Tenhagen M, et al. A scor-
ing system to predict the severity of appendicitis in children. J Surg Res. 2016;200(2):452–9.

 56. Chen CL, Chao HC, Kong MS, Chen SY. Risk factors for prolonged hospitalization in pediat-
ric appendicitis patients with medical treatment. Pediatr Neonatol. 2017;58(3):223–8.

 57. Parra JA, Revuelta S, Gallego T, Bueno J, Berrio JI, Farinas MC. Prosthetic mesh used for 
inguinal and ventral hernia repair: normal appearance and complications in ultrasound and 
CT. Br J Radiol. 2004;77(915):261–5.

 58. Pham XD, Sullins VF, Kim DY, Range B, Kaji AH, de Virgilio CM, et al. Factors predictive of 
complicated appendicitis in children. J Surg Res. 2016;206(1):62–6.

 59. Zouari M, Abid I, Sallami S, Guitouni A, Ben Dhaou M, Jallouli M, et al. Predictive factors of 
complicated appendicitis in children. Am J Emerg Med. 2017;35(12):1982–3.

 60. Bech-Larsen SJ, Lalla M, Thorup JM. The influence of age, duration of symptoms and dura-
tion of operation on outcome after appendicitis in children. Dan Med J. 2013;60(8):A4678.

 61. Tanaka S, Ishihara K, Uenishi T, Hashiba R, Kurashima Y, Ohno K, et  al. Management of 
postoperative intraabdominal abscess in laparoscopic versus open appendectomy. Osaka City 
Med J. 2013;59(1):1–7.

 62. Nielsen JW, Kurtovic KJ, Kenney BD, Diefenbach KA.  Postoperative timing of computed 
tomography scans for abscess in pediatric appendicitis. J Surg Res. 2016;200(1):1–7.

 63. Young JY, Kim DS, Muratore CS, Kurkchubasche AG, Tracy TF Jr, Luks FI. High incidence 
of postoperative bowel obstruction in newborns and infants. J Pediatr Surg. 2007;42(6):962–5; 
discussion 5.

 64. Ouaissi M, Gaujoux S, Veyrie N, Deneve E, Brigand C, Castel B, et al. Post-operative adhe-
sions after digestive surgery: their incidence and prevention: review of the literature. J Visc 
Surg. 2012;149(2):e104–14.

 65. Ellozy SH, Harris MT, Bauer JJ, Gorfine SR, Kreel I. Early postoperative small-bowel obstruc-
tion: a prospective evaluation in 242 consecutive abdominal operations. Dis Colon Rectum. 
2002;45(9):1214–7.

 66. De Wilde RL, Brolmann H, Koninckx PR, Lundorff P, Lower AM, Wattiez A, et al. Prevention 
of adhesions in gynaecological surgery: the 2012 European field guideline. Gynecol Surg. 
2012;9(4):365–8.

 67. Elraiyah T, Hashim Y, Elamin M, Erwin PJ, Zarroug AE. The effect of appendectomy in future 
tubal infertility and ectopic pregnancy: a systematic review and meta-analysis. J Surg Res. 
2014;192(2):368–74.e1.

C. Susai et al.



131

 68. Hookman P, Barkin JS. Clostridium difficile associated infection, diarrhea and colitis. World J 
Gastroenterol. 2009;15(13):1554–80.

 69. McConnie R, Kastl A. Clostridium Difficile, colitis, and colonoscopy: pediatric perspective. 
Curr Gastroenterol Rep. 2017;19(8):34.

 70. Siribumrungwong B, Chantip A, Noorit P, Wilasrusmee C, Ungpinitpong W, Chotiya P, 
et al. Comparison of superficial surgical site infection between delayed primary versus pri-
mary wound closure in complicated appendicitis: a randomized controlled trial. Ann Surg. 
2018;267(4):631–7.

 71. Brasel KJ, Borgstrom DC, Weigelt JA. Cost-utility analysis of contaminated appendectomy 
wounds. J Am Coll Surg. 1997;184(1):23–30.

 72. Duggan EM, Marshall AP, Weaver KL, St Peter SD, Tice J, Wang L, et al. A systematic review 
and individual patient data meta-analysis of published randomized clinical trials comparing 
early versus interval appendectomy for children with perforated appendicitis. Pediatr Surg Int. 
2016;32(7):649–55.

 73. Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ, et al. Diagnosis 
and management of complicated intra-abdominal infection in adults and children: guidelines 
by the Surgical Infection Society and the Infectious Diseases Society of America. Surg Infect. 
2010;11(1):79–109.

 74. Gasior AC, Marty Knott E, Ostlie DJ, St Peter SD. To drain or not to drain: an analysis of abscess 
drains in the treatment of appendicitis with abscess. Pediatr Surg Int. 2013;29(5):455–8.

 75. Siewert B, Tye G, Kruskal J, Sosna J, Opelka F, Raptopoulos V, et al. Impact of CT-guided 
drainage in the treatment of diverticular abscesses: size matters. AJR Am J Roentgenol. 
2006;186(3):680–6.

 76. Fagenholz PJ, Peev MP, Thabet A, Michailidou M, Chang Y, Mueller PR, et al. Abscess due to 
perforated appendicitis: factors associated with successful percutaneous drainage. Am J Surg. 
2016;212(4):794–8.

 77. Lasson A, Lundagards J, Loren I, Nilsson PE. Appendiceal abscesses: primary percutaneous 
drainage and selective interval appendicectomy. Eur J Surg. 2002;168(5):264–9.

 78. Rajak CL, Gupta S, Jain S, Chawla Y, Gulati M, Suri S. Percutaneous treatment of liver abscesses: 
needle aspiration versus catheter drainage. AJR Am J Roentgenol. 1998;170(4):1035–9.

 79. Holzheimer RG, Mannick JA, editors. Surgical treatment: evidence-based and problem- 
oriented. Munich: Zuckschwerdt; 2001.

 80. Fowler GR II. Observations upon appendicitis. Ann Surg. 1894;19(2):146–71.
 81. Fowler GRI. Reichel on etiology and treatment of acute peritonitis. Ann Surg. 1890;12(1):43–5.
 82. McDaniel JD, Warren MT, Pence JC, Ey EH.  Ultrasound-guided transrectal drainage 

of deep pelvic abscesses in children: a modified and simplified technique. Pediatr Radiol. 
2015;45(3):435–8.

 83. Chung T, Hoffer FA, Lund DP.  Transrectal drainage of deep pelvic abscesses in chil-
dren using a combined transrectal sonographic and fluoroscopic guidance. Pediatr Radiol. 
1996;26(12):874–8.

 84. Kimura T, Shibata M, Ohhara M.  Effective laparoscopic drainage for intra-abdominal 
abscess not amenable to percutaneous approach: report of two cases. Dis Colon Rectum. 
2005;48(2):397–9.

 85. Clark JJ, Johnson SM. Laparoscopic drainage of intraabdominal abscess after appendectomy: 
an alternative to laparotomy in cases not amenable to percutaneous drainage. J Pediatr Surg. 
2011;46(7):1385–9.

 86. Esposito S, Umbrello G, Castellazzi L, Principi N. Treatment of Clostridium difficile infection 
in pediatric patients. Expert Rev Gastroenterol Hepatol. 2015;9(6):747–55.

13 Diagnostic and Management Strategies for Postoperative Complications…



133© Springer Nature Switzerland AG 2019
C. J. Hunter (ed.), Controversies in Pediatric Appendicitis, 
https://doi.org/10.1007/978-3-030-15006-8_14

R. L. Lassiter 
Department of Surgery, Medical College of Georgia at Augusta University, Augusta, GA, 
USA
e-mail: rlassiter@augusta.edu 

R. M. Hatley (*) 
Department of Surgery, Medical College of Georgia at Augusta University, Augusta, GA, 
USA 

Section of Pediatric Surgery, Children’s Hospital of Georgia, Augusta, GA, USA
e-mail: rhatley@augusta.edu

14Disparities in the Management 
of Appendicitis

Randi L. Lassiter and Robyn M. Hatley

Case Example
Imagine for a moment an 8-year-old boy with a 1-day history of diffuse abdominal 
pain which has since localized to his right lower quadrant. He is seen in a pediatric 
surgery clinic upon referral from his primary care physician. Now imagine a 9-year- 
old boy presenting to his local community emergency department with right lower 
quadrant abdominal pain for the past 12 hours, fever, and anorexia. Both children 
have appendicitis. Will they receive the same workup and treatment?

 Introduction

Disparities are an unfortunate reality of healthcare delivery in the United States. 
What additional information about the children in the scenario presented above may 
influence their course? Perhaps their parents’ education level and insurance status 
should not influence their care. While the evidence that these disparities exist is over-
whelming, it should be noted that controversy about what constitutes best manage-
ment of acute appendicitis complicates any discussion about disparities. Debates 
regarding ideal diagnostic and treatment algorithms have been discussed in the pre-
ceding chapters. We will review the literature on differences in disease severity upon 
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presentation as well as differences in existing practice patterns and outcomes by age 
group, race, and socioeconomic status with an emphasis on healthcare delivery in 
North America. As the patient moves through the healthcare system from presenta-
tion to discharge, the decisions made at each step and the potential for delays influ-
ence the subsequent steps and overall patient outcome. We will see how patient 
characteristics can predict the timeliness and type of intervention for children like the 
ones presented above who have very similar disease processes. In the discussion, we 
propose potential solutions to minimize and address these disparities.

 Presentation

Differences in disease severity among children based on demographic groups are 
present from the first point of contact with healthcare providers. Appendiceal perfo-
ration is largely considered to be the natural disease progression of untreated appen-
dicitis. Perforated appendicitis is a more complex disease to treat and has a higher 
rate of complications. It has been established that younger children, those uninsured 
or underinsured, and minority children have a higher incidence of perforated 
appendicitis.

In a study of Washington state discharge data between 1987 and 1996, Bratton 
and colleagues demonstrated that children younger than age 5 had the highest risk 
of complicated appendicitis, defined by rupture, peritonitis, or abscess, with an 
adjusted odds ratio of 4.5. Furthermore, they found a 1.3-fold increase in compli-
cated disease in children with Medicaid compared to children with private insurance 
[1]. A retrospective cohort study using national data from the 2000 Kids’ Inpatient 
Database (KID), which includes over 32,000 cases of appendicitis, found dispropor-
tionately higher rates of perforated appendicitis among children younger than age 9, 
those from poorer zip codes, lacking private insurance, and minority children. 
Researchers found that children with minority race and ethnicity had a 36–40% 
higher odds of perforated appendicitis [2].

A single large institutional study was conducted at the Children’s Memorial 
Hermann Hospital in Houston, Texas, to identify socioeconomic predictors of 
appendiceal perforation. The authors found an increased rate of perforation in com-
munities with a lower household income, a lower proportion of adults with a college 
education, and a higher percentage of adults with less than a 12th grade education. 
Public insurance and younger age were found to be even stronger predictors of per-
foration than measures of socioeconomic status [3]. Within the Canadian system of 
universal healthcare in the Manitoba province, researchers found that lower rural 
socioeconomic status, northern area of residence, receiving care at the province’s 
only pediatric tertiary care hospital, and younger age were positive predictors of 
appendiceal rupture [4]. While most of the data discussed to date have focused on 
North American disparities, similar disparities in the management of appendicitis 
are found internationally. Kong et al. demonstrated that rural patients in KwaZulu-
Natal, South Africa, were more likely than urban patients to present with perforated 
appendicitis and four-quadrant intra-abdominal contamination. These patients were 
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more likely to require open abdomen management and re-laparotomy for sepsis. 
The authors posited that rural patients’ poorer outcomes could be due to difficulty 
and delays in reaching the regional hospital [5].

Using the Nationwide Inpatient Sample (NIS) and the Kids’ Inpatient Database 
(KID), Kokoska and colleagues found that Black and Hispanic children were more 
likely to have complex or perforated appendicitis compared to Caucasians with odds 
ratios of 1.39 and 1.48, respectively [6]. Data pulled from the KID 6 years later dem-
onstrated persistent and significant disparities in the rate of perforation at presentation 
such that 27.5% of Black children and 32.5% of Hispanic children presented with 
perforated disease compared to 23.9% of Caucasian children [7]. Livingston and Fairlie 
sought to quantify just how much of the racial disparities in perforation rates at presen-
tation could be explained by differences in socioeconomic factors and insurance. They 
ultimately found that only a small amount of the gap in perforation rates (26.7% White, 
35.5% Black, 36.5% Latino) could be attributed to income level. They calculated that 
income only accounted for 7.2% and 6.1% of the gap for Black and Latino children, 
respectively. Instead, a full two-thirds of the gap in perforation rates between White and 
Black patients could not be accounted for by any measurable factors [8].

It should be noted that delays in presentation do not correlate directly with per-
foration. Ladd et al. noted that Hispanic children had a higher rate of perforated 
appendicitis independent of delays in treatment, defined as the time for symptom 
onset to incision, whereas higher rates of perforation in Black children were likely 
due to delays in treatment [9]. The authors ultimately concluded that perforated 
appendicitis is a heterogeneous disease with a variable course determined by mul-
tiple factors. Their findings led them to propose that delay in treatment is a better 
metric for pediatric healthcare disparities than perforation rates. As we will see in 
the next section, disparate delays in treatment are not limited to time from symptom 
onset to hospital presentation. There are measurable differences in when and how 
children are treated once they reach the hospital.

 Evaluation

In a study conducted using data from the 2006 to 2009 National Hospital Ambulatory 
Medical Care Survey, significant differences were noted in the management of pedi-
atric abdominal pain by race and ethnicity. Johnson et al. found no racial or ethnic 
differences in documentation of pain score. However, adjusting for confounders, 
including age, gender, triage level, hospital type and location, income, and insur-
ance level, they discovered that non-Hispanic Black children were much less likely 
than non-Hispanic White children to receive any analgesics, narcotic or otherwise, 
even in cases of severe pain. Hispanic and non-Hispanic Black patients were more 
likely to have longer lengths of stay in the emergency department despite lack of 
differences in the use of diagnostic procedures or hospital admission [10].

A separate study conducted using the National Hospital Ambulatory Medical 
Care Survey from 2003 to 2010 was limited to children in emergency departments 
with an actual diagnosis of appendicitis. The study was designed to evaluate racial 
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disparities in the administration of narcotics. Goya et al. found that Black children 
with moderate pain were less likely to receive analgesia. While there was no differ-
ence in the rate of administration for severe pain in their multivariable model, Black 
children with severe pain scores received analgesia significantly less frequently than 
White patients. The authors interpreted their findings to mean there were differ-
ences in the threshold for treatment of pain between races [11].

Examination of emergency department visits to tertiary children’s hospitals belong-
ing to the Child Health Corporation of America found that minorities and low-income 
children with appendicitis were less likely to undergo imaging for their appendicitis, 
including ultrasound, computed tomography (CT), and magnetic resonance imaging 
(MRI). Race and socioeconomic status together appeared to have a synergistic effect 
such that patients with Black race and low income had an odds of CT imaging that 
was much lower than would be predicted by race or income alone [12].

 Treatment

Once the diagnosis of appendicitis has been made, timely treatment is necessary to 
avoid worsening morbidity. Lee et al. found that hospital delays in surgical interven-
tion for pediatric acute appendicitis are associated with negative outcomes. They dis-
covered that surgical treatment delayed until hospital day two or beyond was associated 
with increased likelihood of undergoing a colectomy, small bowel resection, or small 
bowel laceration repair, and increased complications, length of stay, and total hospital 
charges [13]. Unfortunately, these hospital-level delays occur more frequently among 
children of lower socioeconomic status and minority race. Black and Hispanic chil-
dren have significantly longer length of time from presentation to surgery regardless 
of whether they have simple or perforated appendicitis [6]. Wang et al. found that 
high-income White children were taken to surgery the fastest but that high-income 
Blacks had a slower time to surgery and discharge than low- income Whites [12].

The benefits of laparoscopy over open appendectomy have been clearly estab-
lished. Notwithstanding slightly longer operative times, laparoscopic appendec-
tomy has been shown to be feasible, safe, and efficacious with shorter lengths of 
stay and less wound complications than the open approach [14]. These results have 
been verified for both uncomplicated and perforated appendicitis [15]. Despite an 
overall increase in the odds of undergoing laparoscopic appendectomy over a 
decade, analysis of the Nationwide Inpatient Sample and Kids’ Inpatient Database 
from 1998 to 2007 demonstrated that Black patients were 20% less likely to undergo 
laparoscopic appendectomy compared to Caucasians patients [16].

In 2009, national racial disparities in the use of laparoscopy to treat pediatric 
appendicitis persisted but were marginally improved as Black children had 0.839 
odds of undergoing a laparoscopic procedure compared to Caucasian children [7]. 
Interestingly, Wang et al. found that Black, Hispanic, and low-income children with 
appendicitis were less likely to have surgery for appendicitis at all at any time point 
compared to White and high-income patients [12].

In our own study evaluating disparities in operative and non-operative treatment 
of appendicitis, we specifically focused on children with complicated disease. After 
adjusting for multiple confounders, we found Black race, self-pay status, and rural 
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location to be independent predictors of undergoing open appendectomy (Fig. 14.1). 
Additionally, Black children admitted for perforated appendicitis were more likely 
not have an appendectomy and to undergo percutaneous drainage alone (Fig. 14.2). 
Hispanic children and those from rural communities were less likely to undergo per-
cutaneous drainage alone compared to White children and those from metropolitan 
communities, respectively [17].

Sometimes the diagnosis of appendicitis is wrong, and non-incidental appendec-
tomy is performed with removal of a normal appendix. This is the definition of a nega-
tive appendectomy. With the improvement of imaging technology, the rate of negative 
appendectomy is declining. By examining the Nationwide Inpatient Sample, Flum 
and Koepsell demonstrated that children less than age 5 are more likely to undergo 
negative appendectomy. They also found that negative appendectomy was associated 
with significantly longer length of stay, higher total hospital charges, and a higher rate 
of infectious complications [18]. Data from the California, Florida, and New York 
Inpatient Databases shows that White, female, and privately insured patients are more 
likely to undergo negative appendectomies. Negative appendectomies are associated 
with higher odds of complication, increased length of stay, and higher hospital costs 
than appendectomy performed for nonperforated appendicitis [19].

 Outcomes

Socioeconomic status and race are ultimately predictors of outcome for pediatric 
appendicitis. There are measurable implications for delays in care and the differ-
ences in management discussed above. The downstream effects of disparities in 
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Lower Income versus Highest Income

Rural versus Metropolitan

Complicated versus Uncomplicated
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Adjusted Odds Ratio

Fig. 14.1 Adjusted odds of undergoing laparoscopic appendectomy for perforated appendicitis. 
Multiple logistic regression was used to calculate the adjusted odds of undergoing laparoscopic 
appendectomy for children less than age 18 with perforated appendicitis. (Data is from the 2001 to 
2010 National Inpatient Sample (NIS), the Healthcare Cost and Utilization Project (HCUP), and the 
Agency for Healthcare Research and Quality. Highest income is defined by patient zip code with a 
median income in the highest quartile. Metropolitan location was defined by a county with greater 
than 50,000 inhabitants, whereas a population of less than 50,000 people was defined as rural)
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access and treatment on the patients and their families include morbidity from com-
plications, longer lengths of stay, and higher hospital charges.

Perforated appendicitis is associated with 97% higher hospital charges and 175% 
longer length of stay than non-perforated cases [2]. Kokoska et al. found that Black 
and Hispanic children had longer hospital stays and higher charges. While it makes 
sense that children with more complicated disease have longer lengths of stay, the 
authors also performed a subset analysis of children with simple appendicitis and 
still found that Black and Hispanic children had significantly longer lengths of stay 
and higher hospital charges [6]. Adjusting for perforation, Black and Hispanic chil-
dren remain in the hospital for 0.76 days longer, and Hispanic patients are signifi-
cantly more likely to have a complication [7]. Black children with appendicitis have 
a twofold higher risk of admission to an intensive care unit [12].

Same-day discharge is being used with increased frequency for cases of non- 
perforated appendicitis and also has variable application. When compared to 
Caucasians, Black and Hispanic children are less likely to undergo same-day dis-
charge following appendectomy for non-perforated appendicitis. Of note, there are 
also regional differences such that hospitals in the south and midwest are less likely 
to utilize same-day discharge [20].

 Potential Solutions

Multiple studies have shown improved outcomes for children with appendicitis when 
treated by subspecialty trained pediatric surgeons. In the hands of a pediatric sur-
geon, children with perforated appendicitis have lower complication rates and shorter 

Fig. 14.2 Adjusted odds of undergoing surgery for perforated appendicitis. Multiple logistic 
regression was used to calculate the adjusted odds of undergoing surgery for children less than age 
18 with perforated appendicitis. Surgery is defined as laparoscopic or open appendectomy, cecec-
tomy, or partial colectomy. (Data is from the 2001 to 2010 National Inpatient Sample (NIS), the 
Healthcare Cost and Utilization Project (HCUP), and the Agency for Healthcare Research and 
Quality. Highest income is defined by patient zip code with a median income in the highest quar-
tile. Metropolitan location was defined by a county with greater than 50,000 inhabitants, whereas 
a population of less than 50,000 people was defined as rural) Lassiter and Hatley [17]
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lengths of stay than children treated by general surgeons [21]. Younger children, less 
than age 13, treated by pediatric surgeons have shorter lengths of stay and less hos-
pital charges [22]. To date, most children receive their care at non-children’s hospi-
tals where there is an overall greater variation in resource utilization and outcomes 
than observed in children’s hospitals. Children with perforated appendicitis treated at 
children’s hospitals are more likely to undergo a laparoscopic appendectomy and 
have lower composite complication rates [23]. The natural question becomes whether 
racial and socioeconomic disparities are lessened by evaluation and treatment by 
pediatric surgeons at children’s hospitals and/or teaching hospitals.

Kelley-Quon and colleagues studied differential patterns of pediatric perforated 
appendicitis depending on the hospital type within the state of California. They 
found that Hispanic children treated at children’s hospitals actually had a higher rate 
of appendiceal perforation. While they did not find a difference in perforation rates 
by race within county hospitals, Black children treated at county hospitals had a 
higher rate of perforation compared with Black children treated at community hos-
pitals [24]. In a multivariate analysis of a representative sample of national dis-
charge data captured by the 1996–2002 Nationwide Inpatient Sample, White 
children overall were more likely to undergo laparoscopic appendectomy than 
Black children, but not other races. In contrast, at non-children’s hospitals, Black, 
Hispanic, and Asian/Pacific Islander children had significantly lower odds of under-
going laparoscopic appendectomy compared to White children. At non-children’s 
hospitals, children with private insurance were more likely to undergo laparoscopic 
appendectomy compared to those with Medicaid or Medicare. Thus racial and 
insurance-driven disparities were less pronounced at children’s hospitals [25].

In a single institutional retrospective analysis of children treated for appendicitis 
at Children’s Hospital in Columbus, Ohio, researchers noted a higher rate of perfo-
ration in children younger than age 6. Unlike previous studies examining national 
data, they did not find a significant difference in the rate of perforation or radiologic 
imaging studies by race, insurance status, income, or parental education level [26]. 
In another single-center study of 9424 patients evaluated in the Children’s Hospital 
of Pittsburgh Emergency Department, Caperell et al. concluded that race and other 
demographic factors did not affect evaluation and management of acute abdominal 
pain, including imaging studies performed, therapy received, treatment with sur-
gery, or final diagnosis. The most common etiology of abdominal pain in their pop-
ulation was constipation [27].

It is important to note that there is significant variability between children’s hos-
pitals which complicates the ability to generalize findings from a single institutional 
study to children’s hospitals more broadly. A retrospective cohort study of children 
treated for appendicitis at free-standing children’s hospitals demonstrated significant 
variation for a multitude of measures, including diagnostic imaging, laboratory test-
ing, use of parenteral nutrition and peripherally inserted central catheter (PICC) 
lines, and median costs. They noted an impressive 4-fold difference in cost for 
uncomplicated disease and 4.6-fold difference for complicated disease [28]. Despite 
improved outcomes for appendicitis treated at children’s hospitals, national data also 
reveals higher costs of care at children’s hospitals and no difference in the length of 
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stay between children’s hospitals and non-children’s hospitals [23]. Interestingly, 
another study of national discharge data captured by the Agency for Healthcare 
Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP) 
Kids’ Inpatient Database (KID) demonstrated that hospitals with lower pediatric dis-
charge volume had lower odds of ruptured appendicitis. There was no significant 
difference in the odds of appendiceal rupture when comparing teaching and non-
teaching hospitals [2]. It also bears noting Black and Hispanic children are already 
more likely to present to children’s hospitals than general community hospitals and 
are more likely to be treated at teaching hospitals than nonteaching hospitals [7].

In addition to concentrating care for pediatric appendicitis within institutions with 
specialized care, another proposed option to address socioeconomic disparities is to 
establish equal access to care. There are opportunities to learn about the impact of 
healthcare reform from the adult appendicitis literature. Loeher et  al. conducted a 
retrospective cohort study of the odds of undergoing minimally invasive surgery in the 
state of Massachusetts compared to six control states. The authors found that follow-
ing the 2006 healthcare reform, which expanded coverage for government- subsidized 
and uninsured individuals, Massachusetts saw a 3.71% increase in the probability of 
undergoing minimally invasive procedures for appendicitis and cholecystitis, effec-
tively eliminating the disparity noted prior to the reform. Importantly, the authors 
found persistent disparity in the control states [29]. Upon examination of 11 Kaiser 
Permanente medical centers in Southern California, Lee et al. found persistent dis-
parities despite equal access. Black and Hispanic adult patients were less likely to 
undergo laparoscopic appendectomy, while high- and middle-income patients were 
more likely to undergo laparoscopic appendectomy when compared to low-income 
patients [30]. In another study of the same database, the authors limited study to 
patients younger than age 18. They found no significant difference in perforation rates 
by race. They also found no significant difference in perforation by income or educa-
tion level. Length of hospitalization was similar among all parental educational levels. 
However, Black children still had a longer length of stay, and higher income patients 
had a shorter length of stay compared to medium- and low-income families [31].

 Discussion

Review of the literature reveals compelling disparities in the management of pedi-
atric appendicitis. It is clear that pre-hospital access to care and severity of disease 
at presentation with perforated appendicitis hardly accounts for the multitude of 
differences in how children are managed after they reach the hospital. Both pre- 
hospital and intra-hospital delays have a real impact on outcome. Race, household 
income, and insurance status are independent predictors of how appendicitis will be 
managed, from when and where the child will present, whether and which surgery 
they will have, and what the child’s ultimate outcome will be. The most at-risk 
groups for negative outcomes include children with minority race, lack of private 
insurance, and low-income households. In some cases, overly aggressive treatment 
for patients with majority race and higher socioeconomic status leads to worse 
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outcomes including more radiation exposure from CT scans and a greater incidence 
of negative appendectomy.

As noted above, equivalent insurance and treatment at children’s hospitals both 
lessen observed racial and socioeconomic disparities in the management of pediat-
ric appendicitis without eliminating them. It is possible that some of the observed 
racial disparities in hospital charges may be partially driven by the fact that minority 
children are already more likely to receive their care in children’s hospitals. It is our 
opinion that healthcare disparities represent opportunities for improvement. The 
first step to address disparities is to acknowledge their existence. Current and future 
generations of healthcare providers should be educated about existing disparities. 
While the abundance of literature suggests increased awareness of healthcare dis-
parities, few, if any, studies have investigated whether knowledge of one’s own 
implicit bias or varied practice patterns has any measurable effect on disparities at 
an individual or institutional level.

An additional way to address disparities may be to financially incentivize their 
elimination. Disparity at the hospital level can be a measurable quality metric 
much like catheter-associated urinary tract infections or central line-associated 
bloodstream infections. We propose that tying hospital-level disparities to reim-
bursement would inspire a culture of protocolized healthcare delivery. It would 
also incite interest on the behalf of administrators and clinicians to better under-
stand the underlying causes of healthcare disparities and develop novel solutions 
which are unique to their patient population. Knott et al. found that instituting a 
clinical pathway for perforated appendicitis resulted in decreased time to advance-
ment to a regular diet and shortened length of stay by more than 1 day while also 
decreasing the use of nasogastric tubes, PICCs, total parenteral nutrition, number 
of intravenous antibiotics, and laboratory draws [32]. We agree with Cameron and 
Rangel that there is a need to define meaningful variations in practice that result 
in poor resource utilization and result in worse outcomes, realizing that ideal 
practice patterns are dependent on resource availability and preferences of the 
patient population served. Not all variation or controversy is bad as it drives inno-
vation [33].

Unfortunately, the demographic characteristics of children and their parents 
affect when and how appendicitis is managed. While this chapter focuses on appen-
dicitis, given how common appendicitis is within the pediatric population, this dis-
ease process has the potential to serve as a barometer for overall disparities in the 
management of pediatric surgical emergencies. We are hopeful that these disparities 
can be eliminated. Addressing these disparities will require their acknowledgment 
as well as innovation and concerted investment to eradicate them.

Clinical Pearls

• Health disparities exist in the management and outcomes of children with 
appendicitis.

• Protocolized care and timely intervention may be a strategy to minimize 
unwanted outcomes in minority populations.
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15Appendicitis: Unusual Complications 
and Outcomes

John Aiken

 Introduction

Children with uncomplicated appendicitis who undergo prompt laparoscopic appen-
dectomy have a low incidence of complications (1–3%) and typically make rapid 
recovery to full wellness and return to normal activities [1]. In contrast, children 
with complicated or perforated appendicitis are at risk for substantial morbidity, 
long hospital stays, and have an adverse event rate of 15–40%. The morbidity in 
association with complicated appendicitis has generated robust inquiry, debate, and 
controversy as to best approach to improve outcomes.

Primary outcome measures in pediatric appendicitis include overall complica-
tion rate, incidence of surgical site infections and intra-abdominal abscess, postop-
erative bowel obstruction, incisional hernia, and fecal fistula.

Secondary outcome measures include length of hospital stay, readmission rate, 
time to return to full activities, treatment-related costs, resource utilization, quality 
of life, and parent and patient satisfaction scores.

 Intraoperative Complications

The surgical management of acute appendicitis has been the standard of care for 
more than a century. In earlier times, without antibiotics and when all surgery was 
“open”, surgical complications were common in acute appendicitis. In current prac-
tice, with advanced laparoscopic techniques, intraoperative technical complications 
are rare.
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Bleeding may occur with failure to secure the appendiceal artery during dissec-
tion or inadvertent injury to the intestinal mesentery. Iatrogenic bowel injury or 
injury to adherent structures, while uncommon, can occur during dissection to 
mobilize the appendix or to identify the base in the setting of a dense inflammatory 
reaction. Direct injury to adjacent bowel is most often only serosal, rarely full- 
thickness bowel injury. The bladder and the fallopian tube in girls may, on rare 
occasion, be injured by direct manipulation or thermal injury from the electrocau-
tery. All of these complications are generally easily managed when promptly recog-
nized with minimal morbidity [2].

 Laparoscopic Appendectomy

In the open appendectomy era, operative exploration, particularly in complicated or 
perforated appendicitis, was wrought with an intimidating degree of complications 
and morbidity: large incisions, high rates of wound infection and postoperative 
intra-abdominal abscesses, fascial dehiscence, bleeding, abdominal injuries to fria-
ble bowel or adjacent structures, and prolonged ileus and antibiotics postopera-
tively. Drains, central lines, and parenteral nutrition were commonplace; morbidity 
was substantial.

The clear emergence of the laparoscopic approach for appendectomy on numer-
ous studies and meta-analyses as superior to open appendectomy on essentially all 
metrics has significantly reduced complications and improved outcomes: decreased 
risk of wound infection, decreased pain and use of analgesic medications, decreased 
hospital stay, reduced postoperative ileus, improved cosmesis, and faster return to 
normal activities. The Pediatric Health Information System database shows the 
laparoscopic approach is now used in >90% of appendectomies, both simple and 
complicated. During the early experience with laparoscopy for perforated appendi-
citis, some authors reported longer operative times and an increased incidence of 
postoperative intra-abdominal abscess nearly threefold compared to open appen-
dectomy; however, more recent literature clearly confirms reduced operative times 
and no difference in abscess risk between the open and laparoscopic approach based 
on multiple prospective trials, meta-analyses, and large, multi-institutional com-
parative series [3].

The laparoscopic technique has increased risks in children compared to adults 
during trocar placement. Injury to the intestines, intra-abdominal viscera, or major 
blood vessels (aorta, iliac vessels, inferior vena cava) are all reported during trocar 
insertion, presumed related to laxity of the abdominal wall in children. These inju-
ries may be more likely in obese children with a thickened abdominal wall leading 
to the need for excessive force to be applied during trocar insertion. The sequelae of 
abdominal wall vessel injury are generally minimal: pain and hematoma formation 
at the trocar site. Many pediatric surgeons prefer an open technique for trocar inser-
tion at the umbilical site prior to insufflation for safety, particularly in young chil-
dren and children with thin body habitus. Occasionally, device malfunction can 
contribute to these types of injuries.
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The laparoscopic approach, with small incisions and protective trocars, signifi-
cantly lowers the incidence of surgical site infections compared to open appendec-
tomy [4]. Furthermore, the laparoscopic approach minimizes the morbidity of 
wound complications when they do occur, a perennial problem with open appendec-
tomy. The administration of intravenous antibiotics once the diagnosis of acute 
appendicitis has been made or suspected and effective re-dosing at the time of sur-
gery have been consistently shown to lower the incidence of superficial SSI in 
appendicitis. Cameron and colleagues recently used the PHIS and ACS-Pediatric 
NSQIP databases to investigate the use of extended spectrum (piperacillin/tazobac-
tam) or narrow spectrum (cefoxitin or ceftriaxone and metronidazole) in uncompli-
cated (i.e., non-perforated) acute appendicitis. Costs of the different regimens were 
similar, and readmission rates and hospital revisits were similar between the 
matched groups. The surgical site infection rate was 1.8% overall with no difference 
for the extended versus the narrow spectrum antibiotics [5]. This may provide an 
opportunity for improved stewardship of the use of extended spectrum antibiotics in 
uncomplicated appendicitis.

Laparoscopic appendectomy has become the standard of care in children in acute 
uncomplicated appendicitis. It is generally a 30–60 minute operation with a low 
complication rate and excellent outcomes. The incidence of superficial surgical site 
infections (SSI) with laparoscopic appendectomy in uncomplicated appendicitis is 
1%, and the incidence of postoperative intra-abdominal abscess is generally <1%. 
All other short- and long-term complications after laparoscopic appendectomy for 
uncomplicated appendicitis are exceedingly rare. Length of stay is generally 
12–24 hours, and many pediatric centers now have clinical pathway guidelines that 
allow for same day discharge open appendectomy is reserved for selected cases 
based on preoperative assessment and imaging, such as marked abdominal disten-
sion, or when during the laparoscopic approach the procedure is deemed technically 
difficult or unsafe.

In contrast to simple appendicitis, complicated appendicitis (perforated appendi-
citis with peritonitis, appendicular inflammatory mass, and perforated appendicitis 
with well-defined abscess) is associated with a complication rate of 15–40%. Early 
complications include intra-abdominal abscess (20–30%), superficial SSI, and small 
bowel obstruction. Patient morbidity is high, and outcomes are challenged with a 
broad array of adverse events: increased length of hospital stay, need for postopera-
tive CT scans, emergency room revisits, unplanned reoperations and interventional 
procedures (drains and PICC lines), use of parenteral nutrition, and significant delay 
in return to wellness and full activities. Hospital costs are doubled in complicated 
appendicitis, and nationwide the readmission rate is estimated at 12.8%.

 Outcomes and Resource Utilization

Acute appendicitis is estimated to account for greater than one million pediatric 
hospital admission days per year and at a cost of >$680 million per year. Despite the 
frequency of appendicitis in children, the heterogeneity of the patients across age 
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groups and severity of illness scale has been an obstacle to establishing standardized 
outcome measures. Optimal treatment remains elusive, particularly for complicated 
appendicitis, representing as much as one half the patients in many centers at pre-
sentation. Clinical management is characterized by marked variability in resource 
utilization, outcomes, and costs, both within children’s hospitals and in the com-
munity [6, 7]. Variation in care has been identified as a key driver in healthcare costs 
and has been targeted for quality improvement efforts to steward resource utiliza-
tion and improve outcomes [8].

Recent research efforts have sought to identify the influence of surgeon experi-
ence (operative volume, specialty training) and hospital factors (hospital designa-
tion) on outcomes in children with surgical illness [9, 10]. The American College of 
Surgeons has recently instituted a children’s hospital verification designation pro-
gram to optimize the surgical care of children. Numerous studies have demonstrated 
improved outcomes in acute appendicitis treated in specialty children’s centers by 
fellowship-trained pediatric surgeons and other pediatric specialists, particularly in 
younger children [11].

Operative volume, fellowship-trained pediatric surgeons, pediatric anesthetists, 
and established evidence-based clinical pathways are likely critical drivers of these 
improved outcomes [12]. Despite these existing data, the 2012 report from the 
KIDS national database, a retrospective review found that 82.4% of patients ages 
2–18 years who underwent appendectomy were treated at a non-children’s hospi-
tals. In hospitalizations for patients identified as having perforated appendicitis, the 
mean case volume per hospital was 7, and the median case volume per hospital was 
2 [13]. These volumes are undoubtedly low.

Another area of controversy is drainage procedures for intra-abdominal abscesses 
[14]. Drainage procedures for intra-abdominal abscess by interventional radiology 
have their own potential complications and have been consistently identified as a 
major factor in increased length of stay and escalation of hospital costs in acute 
appendicitis. Risks associated with percutaneous drainage of intra-abdominal 
abscesses are reported in 2–3% of percutaneous drain procedures and include bleed-
ing, intestinal perforation, bladder perforation, fecal fistula formation, soft tissue 
abscess (buttock/thigh), and post procedure sepsis. While the number of complica-
tions is not high, the hospital course and time to recovery are often significantly 
impacted [15]. In addition, current reviews and meta-analyses demonstrate patients 
with drains consistently have increased use of CT scans contributing to the cumula-
tive lifetime radiation risk. A more selective approach to antibiotic-alone manage-
ment of smaller, asymptomatic abscesses and clinical practice guidelines to limit 
postoperative CT imaging before postoperative day 7 and directed by clinical crite-
ria is likely to substantially reduce hospital costs, resource utilization, and radiation 
exposure without compromise of quality or safety measures [16].

 Postoperative Intestinal Obstruction

Postoperative bowel obstruction and ileus are uncommon after uncomplicated 
appendicitis treated by laparoscopic appendectomy. The risk of bowel obstruction 
requiring reoperation is consistently reported around 0.7% in numerous large 
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national database studies [17]. The risk is expectedly higher in open appendectomy 
and in patients with complicated or perforated appendicitis, historically reported 
from 0.5% to 10.7% in reviews with long-term follow-up. The laparoscopic 
approach is estimated to have as much as a fourfold decrease in the incidence of 
adhesive formation compared to open surgery. While adhesive postoperative bowel 
obstruction can occur as early as the first week postoperatively, the majority of cases 
occur following initial discharge in the first 1–2 years [18].

 Unusual Pathology

Albeit rare, appendiceal carcinoid tumors are discovered incidentally in approxi-
mately 0.2% of children [19]. Typically these are small tumors with a low risk of 
lymphovascular invasion or extension. The rare occurrence of this finding may be 
cited in support of interval appendectomy following presumed perforated appendi-
citis, to prevent missing this diagnosis. In addition to rare tumor diagnoses, unusual 
infections may mimic appendicitis. For example, the pathologist may identify a 
parasite such as Enterobius vermicularis (pin worm) within the lumen of the appen-
dix masquerading as appendicitis [20].

 Rare Complications in Appendicitis

 Fecal Fistula

Fecal fistula is a rare complication in appendicitis, occurring in <1% of patients. 
This may occur as sequelae of intra-abdominal infection/abscess in patients with 
complicated appendicitis or as a procedure-related complication of percutaneous 
drainage of an intra-abdominal abscess. Similar to intestinal fistulae seen in other 
surgical settings, fecal fistula in the setting of appendicitis will most often close 
spontaneously (>90%) with non-operative management provided coexisting disease 
is absent including foreign body, immune deficiency, malnutrition, and distal bowel 
obstruction. An important consideration in a patient with fecal fistula is the possibil-
ity of incipient Crohn’s disease.

 Long-Term Complications

 Inflammatory Bowel Disease

The precise role of the appendix as part of the digestive tract remains unclear; how-
ever, some authors have suggested the appendix may have an immunological role. 
The appendix contains the highest amount of gut-associated lymphoid tissue 
(GALT) in the intestinal tract, and removal of the appendix may alter the intestinal 
tract bacterial microbiome. This finding has led to numerous studies investigating 
the possibility that removal of the appendix could have a role in the development of 
inflammatory bowel disease or cancer [21].
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The incidence of Crohn’s disease seems to be slightly higher after appendectomy 
[22]. Studies reporting on Crohn’s disease demonstrated a median prevalence of 
0.20% in patients who underwent appendectomy and 0.12% in study group con-
trols. One study reported 2.3 times as many cases of Crohn’s disease in the appen-
dectomy group compared to the control group. Alternatively, it is also suggested 
that the higher prevalence of Crohn’s disease, especially cases identified in early 
follow-up after appendectomy, might be related to the difficulties in diagnosing an 
incipient Crohn’s disease [23, 24].

The incidence of ulcerative colitis is not changed after appendectomy. The mean 
prevalence of ulcerative colitis, reviewed in only a few studies, was 0.15% in 
patients after appendectomy and 0.19% in the studied controls. Andersson et  al. 
actually reported a reduced risk of ulcerative colitis after appendectomy in patients 
<20 years of age, and this has been in other case-control studies [25].

 Perforated Appendicitis and Subsequent Infertility in Girls

Although perforated appendicitis has been considered a risk factor for tubal infertil-
ity in women, epidemiologic evidence supporting this relation is inconsistent. Earlier 
reports of an increase in tubal infertility after appendectomy had significant limita-
tions: study patients were adult women who had undergone appendectomy for perfo-
rated appendicitis in adult life; case numbers were small, and detailed investigations 
of infertility were lacking. In one study suggesting increased infertility in women 
after perforated appendicitis, critical analysis revealed that 20% of the patients 
reported with primary infertility had a history of pelvic inflammatory disease com-
pared with only 3% of patients in the control group. A 2001 study investigating risk 
factors for tubal infertility in 121 women attending in vitro fertilization clinics in 
Toronto, Canada, found that history of acute appendicitis or perforated appendicitis 
was not a statistically significant risk factor for tubal infertility in their patients [26].

There are minimal reports in the literature that have specifically investigated 
infertility in women who had undergone appendectomy in childhood. Recently, a 
large cohort study from Sweden investigated fertility patterns in women (9840 
patients over a 20-year period) who had undergone appendectomy when aged 
<15  years and demonstrated similar rates of first birth and distribution of parity 
between women with history of perforated appendicitis and control women. Women 
with a history of perforated appendicitis had a similar rate of first births as the con-
trol women and a similar distribution of parity at the end of follow-up (mean age 
31.6 years) [27].

In another recent systematic review and meta-analysis, including electronic data-
bases from inception until 2013, no statistically significant association was found 
between appendectomy and infertility; however, appendectomy was associated with 
a significantly increased risk of ectopic pregnancy [28].

In summary, these data indicate that perforated appendicitis before puberty does 
not appear to have long-term negative effects on female fertility. These data have 
important implications for clinical practice for counseling patients and families 
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when young women present acutely with suspected acute appendicitis to refute a 
widely accepted approach that females should be considered for earlier surgery with 
a higher negative appendectomy rate to avoid perforation of the appendix and the 
concerns for future infertility.

 Portal or Splenic Vein Thrombosis

Also exceedingly rare in the pediatric literature is the occurrence of superior mes-
enteric vein, portal vein, or splenic vein thrombosis in association with appendicitis 
[29]. The diagnosis tends to be delayed due its nonspecific symptoms. The condi-
tion can occur at presentation, in a patient with history suggestive of appendicitis 
that went unrecognized or after appendectomy in complicated appendicitis. This 
condition, termed pylephlebitis, is presumed a consequence of a convergence of 
factors: intra-abdominal infection and local sepsis producing a hypercoagulable 
state, dehydration, and bacterial invasion into the mesenteric venous system [30]. 
While exceptionally rare in children, the condition can be fatal if left undiagnosed 
or untreated. Presenting signs and symptoms are typically nonspecific: fevers, vague 
abdominal pain, poor appetite, weight loss, sweats, chills, malaise, and occasionally 
diarrhea. If thrombosis of the portal venous system occurs, patients may demon-
strate signs and symptoms of portal hypertension. Affected patients frequently have 
elevated serum inflammatory markers (CRP, ESR) and blood cultures positive for 
enteric organisms: Escherichia coli, Bacteroides fragilis, Proteus mirabilis, 
Klebsiella pneumoniae, and Enterobacter species.

Diagnosis is made by ultrasound or CT demonstrating thrombus formation in the 
portomesenteric venous system and may extend into the splenic vein. A 1–2-week 
course of broad-spectrum antibiotics targeting gram-negative enteric bacteria and 
anaerobes is foundational therapy, and therapeutic anticoagulation is indicated to 
limit extension of the thrombus and to enhance natural fibrinolysis. In patients when 
the mesenteric thrombus occurs acutely, catheter-directed thrombolysis by interven-
tional radiology is an option. Anticoagulation therapy is generally continued for 
3–6 months, although patients may show almost complete resolution of thrombus as 
early as the first month of treatment. Liver abscess can also occur. The patient typi-
cally demonstrates a large, tender liver. Treatment is aspiration and antibiotics.

 “Stump” Appendicitis

Incomplete removal of the appendix places a patient at risk for recurrent appendi-
citis, termed “stump” appendicitis. This is a rare event, and most surgeons will 
likely see only a few cases in a career. The time to occurrence is generally years 
after the initial surgery; however, occasionally stump appendicitis may occur even 
within the first year. Patients typically present with clinical signs and symptoms of 
acute appendicitis, and a definitive diagnosis is made with abdominal CT scan. 
Stump appendicitis has been reported after both laparoscopic and open 
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appendectomy. It appears to be more likely after complicated appendicitis. It may 
be related to an incomplete appendectomy, leaving a small “stump” of appendix in 
place at the time of removal. The diagnosis of “stump” appendicitis is associated 
with significant morbidity as patients who developed stump appendicitis were more 
likely on the second surgery to have complicated appendicitis, have an open proce-
dure, and undergo colectomy in surgical management.

 Incisional or Port Site Hernia

The incidence of port site hernia following laparoscopy in adults is reported as 0.1–
3%. In a recent systematic review, which included 37 studies, only four studies 
reported on the incidence of incisional hernia. The overall prevalence of incisional 
hernia was 0.7%. The vast majority of incisional hernias reported occurred in laparo-
scopic converted to open appendectomies. The data in children is expectedly sparse, 
and the incidence is likely underappreciated as many port site hernias would be 
asymptomatic and unrecognized. Limited studies suggest the incidence of port site 
hernia is higher in younger children, particularly children preschool age and younger. 
While risk factors for development of port site or incisional hernia in adults include 
infection, obesity, and diabetes, no risk factors have reliably been identified in chil-
dren. Closure of all port sites does not obviate port site hernia; however, fascial clo-
sure of openings 10 mm or greater is performed by most pediatric surgeons.

 Sarcopenia

Sarcopenia is defined as a decrease in skeletal muscle mass and has been shown to 
be associated with longer postoperative recovery and an increased risk of complica-
tions in adult surgical patients. Children with delayed presentation and complicated 
appendicitis may experience, in the course of illness, treatment, and recovery, an 
extended period of inadequate nutrition and be at risk for sarcopenia and potential 
worse outcomes. A particular risk identified in patients with sarcopenia appears to 
be a higher risk of poor wound healing and postoperative surgical site infections. In 
a recent retrospective review from Nationwide Children’s Hospital in pediatric 
patients, nutritional assessment in select patients as part of preoperative risk assess-
ment may provide important information that could identify patients who would 
benefit from early nutritional intervention and thereby potentially lower the inci-
dence of complications and improve outcomes [31].

 Conclusion

Complications in the management of appendicitis are low; however there are a few 
rare complications or outcomes that merit consideration especially when the post- 
management course follows an unexpected path. To minimize general complica-
tions and improve outcomes, it appears that management may best be performed by 
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specialized providers in a high-volume center. This is especially true for the young-
est patients.

Clinical Pearls

• Outcomes may be optimized by having specialized providers care for patients, 
and this is especially true for the younger patients.

• It appears unlikely that appendicitis significantly affects long-term fertility.
• Knowledge of rare outcomes and associations with appendicitis merit consider-

ation when a patient has an unexpected postoperative course.
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16Management of Acute Appendicitis 
in Special Pediatric Situations: 
Malignancy, Neutropenia, and Other 
Etiologies of Immune Suppression

Timothy B. Lautz

Case Example
A 5-year-old male on therapy for acute lymphoblastic leukemia presents with right 
lower quadrant abdominal pain. His absolute neutrophil count is 200/mm3. 
Diagnostic ultrasound reveals an enlarged (11 mm) appendix with periappendiceal 
fat stranding but no evidence of perforation. How should this child be managed?

 Introduction

Given the relative frequency of both acute appendicitis and hematologic malignan-
cies in children, it is inevitable that some children undergoing treatment for leukemia 
or lymphoma will develop acute appendicitis. Neutropenia is an unavoidable compli-
cation of treatment for these malignancies which creates a management dilemma for 
surgeons caring for these patients. On the one hand, laparoscopic appendectomy 
performed in the setting of neutropenia may increase the risk of surgical complica-
tions including wound dehiscence, appendiceal stump leak, and infectious complica-
tions. On the other hand, patients with neutropenia are at risk of major infectious 
complications, including sepsis, if appendicitis is inadequately treated.

Although neutropenia due to treatment for a hematologic malignancy is the most 
common cause of immune suppression confounding treatment for acute appendici-
tis, it is not the only etiology. A multitude of other diseases and disease treatments 
suppress the immune system and raise similar management concerns. Diseases 
affecting the immune system can be primary (e.g., severe combined immunodefi-
ciency, common variable immunodeficiency, X-linked agammaglobulinemia) or 
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secondary (e.g., acquired immunodeficiency syndrome). Other treatments associ-
ated with iatrogenic immunodeficiency include antineoplastic therapy, immunosup-
pression following transplant, and therapy for many immune and rheumatologic 
conditions.

Diagnosis of acute appendicitis in children with immune suppression may be 
confounded by masking of the typical presenting symptoms. Furthermore, even 
with modern imaging techniques, it can be difficult to differentiate appendicitis 
from neutropenic colitis (“typhlitis”) which is almost always managed non- 
operatively. The presence of fever has been proposed as way to help distinguish 
“typhlitis” from appendicitis [1], but other authors have reported high rates of fever 
in neutropenic children with appendicitis [2].

While non-operative management of routine acute appendicitis has become an 
active area of study in recent years, much of the foundation for this approach came 
from experience managing patients with appendicitis in the setting of neutropenia. 
It has long been known that appendicitis can be successfully treated in the acute 
setting with antibiotic therapy, allowing for delayed removal of the appendix when 
the patient was better suited to undergo an operation.

This chapter will focus on the management of acute appendicitis in children with 
a known diagnosis of immune deficiency, particularly children with neutropenia 
secondary to antineoplastic therapy for malignancy. This is in contrast to the rare, 
but well-established, scenario where appendicitis is the initial presenting symptom 
for a hematologic malignancy due to lymphoid hyperplasia around the appendix.

 Literature Review

Existing data on the management and outcome of children with acute appendicitis 
in the setting of immune suppression comes primarily from institutional case series 
of children with hematologic malignancies (Table 16.1). The largest series included 
30 patients from 12 institutions in France [2]. Other reports have all included fewer 
than 15 patients. Two studies reported on the rate of appendicitis among their entire 

Table 16.1 Case series of appendicitis management in children on therapy for malignancy

Study
# 
patients

% hematologic 
malignancy

% 
perforated

% early 
appendectomya

Major 
complications

Chui [3] 10 70 40 100 3 deaths
Kim [4] 7 100b 57 100 None
Hobson [1] 7 100b 71 43 None
Mortellaro [5] 11 91 27 100 None
Scarpa [2] 30 90 27 20 3 laparotomies in 

delayed group
Singer [6] 5 80 0 100 None
Warad [7] 3 100b 33 100 1 abscess
Wiegering [8] 5 100b 20 0 None

aWithin 2 days
bBy study design
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cohort of children undergoing therapy for hematologic malignancy, finding an inci-
dence of 0.6–1.9% [1, 4, 7]. Patients with hematologic malignancy comprised >70% 
of the population in all reported studies.

The utilization of up-front surgery (within 2 days of diagnosis) varied from 0% 
to 100% in different series, averaging 56%. However, in the largest study, only 6 
patients underwent up-front appendectomy, 17 had delayed appendectomy after a 
median of 32  days, and 7 patients had definitive non-operative treatment [2]. In 
another study, all five patients had successful non-operative treatment with merope-
nem monotherapy, although three had recurrent right lower quadrant symptoms 
managed with additional courses of antibiotic therapy [8].

The rate of perforated appendicitis varied from 0% to 71%, with a mean of 44%. 
Most studies reported no major operative morbidity or mortality. However in one 
study, three of ten children died in the postoperative period due to septicemia [3]. 
Major complications also occurred in two patients treated initially with antibiotic 
therapy who required emergent operation for life-threatening acute abdominal 
symptoms [2].

Data on children with appendicitis in the setting of other primary or secondary 
immune deficiencies is even more sparse. Of note, although the inflammatory infil-
trate in acute appendicitis typically consists predominantly of neutrophils, children 
with congenital neutrophil deficiency can still develop appendicitis [9].

 Administrative Data

Due to the paucity of existing data on the current management of appendicitis in 
children with neutropenia and appendicitis, a large, national administrative dataset 
was queried for further information. The Pediatric Health Information System 
(PHIS) database contains inpatient, emergency department, ambulatory surgery, 
and observation encounter-level data from over 49 not-for-profit, tertiary care pedi-
atric hospitals in the United States.1 For this study, data from 39 hospitals was 
included.

PHIS was queried from January 2013 through December 2017 for patients 
<18 years of age with a malignancy diagnosis admitted with concurrent diagnosis 
of acute appendicitis and chemotherapy-induced neutropenia or pancytopenia.2 

1 These hospitals are affiliated with the Children’s Hospital Association (CHA) (Lenexa, KS). Data 
quality and reliability are assured through a joint effort between the CHA and participating hospi-
tals. Portions of the data submission and data quality processes for the PHIS data set are managed 
by Truven Health Analytics (Ann Arbor, MI). For the purposes of external benchmarking, partici-
pating hospitals provide discharge/encounter data including demographics, diagnoses, and proce-
dures. Nearly all of these hospitals also submit resource utilization data into PHIS.  Data are 
de-identified at the time of data submission, and data are subjected to a number of reliability and 
validity checks before being included in the dataset.
2 ICD-9 and ICD-10 codes

Acute appendicitis (K350, K352, K353, K3580, K3589, 540, 5400, 54009, 5401, or 5409).
Chemotherapy-induced neutropenia or pancytopenia (D701, D61810, 28411, or 28803).
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Appendicitis with generalized peritonitis or peritoneal abscess was identified as 
“complicated.”

During the study period, 116 children met inclusion criteria, including 64 boys 
(55.2%). Median age was 11 years (IQR 5–14). Seventy-four (63.8%) patients were 
white, and 44 (37.9%) were of Hispanic ethnicity. Fifty (43.1%) patients were 
admitted through the ED, while 29 (25.0%) had an initially elective admission. 
Forty-one patients (35.3%) spent time in the ICU during their admission. Ninety- 
four (81.0%) patients had a hematologic malignancy. Median length of stay was 
21 days (IQR 9–45).

The majority of patients (n  =  79, 68.1%) had uncomplicated appendicitis. 
Appendectomy was performed during the initial encounter in 64 (55.2%) patients 
and more extended bowel resection (including cecectomy, hemicolectomy, or 
stoma) in 8 (6.9%). Appendectomy was performed laparoscopically in 95% of 
cases.

The hospital day when the patient first underwent abdominal CT, MR, or US was 
used as the proxy for date of appendicitis diagnosis and was available in 107 patients 
(9 missing). First imaging occurred at a median of 2 days after admission (IQR 
0–14). The median time from first imaging to surgery was 1 day (IQR 0–9.8), but in 
26 patients surgery was delayed for more than 2 days after first imaging (20 appen-
dectomy, 6 with bowel resection) (Fig. 16.1). In addition, 13 patients underwent 
delayed appendectomy during a subsequent encounter. In total 85 (73.3%) patients 
underwent surgery at some point during the study period, with 39 (33.6%) having 
early surgery, 39 (33.6%) having delayed surgery, and 7 (6.0%) having surgery dur-
ing the initial admission with unknown timing.
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Fig. 16.1 Days from diagnosis to surgery for children with neutropenia and appendicitis in the 
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For the eight patients who underwent bowel resection or enterostomy during the 
initial encounter, the majority (n = 6, 75%) had complicated appendicitis. Likewise, 
of 15 patients who underwent drain placement during the initial encounter, 10 
(66%) had complicated appendicitis.

 Discussion

Surgeons managing children with primary and secondary immune deficiencies who 
develop acute appendicitis must balance the risk of inadequate source control against 
the potential increased morbidity with surgical intervention. Although existing litera-
ture is limited, current evidence supports the safety and efficacy of early laparoscopic 
appendectomy, even in patients with a very low absolute neutrophil count. Historical 
concerns about infectious and surgical wound complications in children with neutro-
penia may be of less significance in the era of minimally invasive surgery, coupled 
with modern supportive care and antibiotic therapy. However, antibiotic therapy, 
either as a bridge to appendectomy after resolution of neutropenia or as a definitive 
treatment for appendicitis, seems to be a safe and effective alternative.

Findings from the Pediatric Health Information System Database mostly corre-
late with findings from institutional series. The rate of perforated appendicitis was 
32% in the database study compared to 44% in the case series. Eighty percent of 
children in the PHIS study had a hematologic malignancy, echoing findings from 
the institutional series. The rate of early appendectomy was lower in the PHIS study 
compared to the case series, possibly because the PHIS data is more recent and 
reflects more current practice. The PHIS findings also correlate more closely with 
results from the multi-institutional series from France, which likewise had a lower 
rate of early appendectomy.

Current evidence is inadequate to recommend a definitive management algo-
rithm. As always, the complete clinical picture must be taken into account. For this 
complex patient population, a multidisciplinary discussion between the surgical 
team and primary medical (e.g., hematology, transplant medicine, or infectious dis-
ease) team is advised. A key factor in the decision-making algorithm for children 
with appendicitis in the setting of a suppressed immune system is the expected dura-
tion of their immune suppression. When the immune deficiency is not anticipated to 
improve, as in children with primary immunodeficiency syndromes, then definitive 
treatment for appendicitis should be undertaken expeditiously. Conversely, in chil-
dren expected to experience recovery of their immune system, delaying definitive 
management of their appendicitis may be considered. Patients who rapidly improve 
with antibiotic therapy may be considered for either definitive non-operative ther-
apy or more commonly for delayed appendectomy following count recovery to 
avoid the risk of recurrence during subsequent episode of neutropenia. At the very 
least, treatment with antibiotics allows surgery to be delayed until modifiable issues 
are addressed. These might include treating concurrent thrombocytopenia, reducing 
levels of immunotherapy when clinically appropriate, or treating with a granulocyte 
colony-stimulating factor analog.
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Further research is needed to truly understand the rates of wound and infectious 
complications in children with immune suppression in the era of minimally invasive 
surgery with modern antibiotics. In addition, current studies in immune competent 
patients assessing the success of non-operative appendicitis management will also 
help inform treatment decisions for these patients with immune deficiencies.

 Conclusion

Even with an impaired ability to mount an immune response, often coupled with 
other complex comorbidities, most children with acute appendicitis do well. Timely 
diagnosis, multidisciplinary care, and treatment of modifiable comorbidities are key 
to avoiding excess morbidity.

Clinical Pearls

• Children with acute appendicitis in the setting of an immune deficiency, includ-
ing neutropenia due to chemotherapy, can be safely managed with either imme-
diate appendectomy or antibiotic therapy followed by appendectomy after count 
recovery.

• The role of definitive antibiotic treatment without surgery remains under 
investigation.
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