
© 2019 Nigerian Medical Journal | Published by Wolters Kluwer - Medknow226

Abstract

Review Article

IntroductIon

Globally, appendicectomy is one of the most common surgical 
procedures performed every year.1,2 It is the most common 
urgent, intra-abdominal surgery performed in the United 
States with an annual statistics of over 300,000.3 More than 
a century has passed since the earliest appendicectomies 
were first advocated as viable operations for patients with 
acute appendicitis.4 The first paper published on acute 
appendicitis was by Fitz in 1886, while the first case series on 
appendectomies was by McBurney in 1889.

Appendicectomy has been accepted as the gold standard for 
the management of appendicitis over the years, but there has 
been an increasing evidence and trend toward the conservative 
approach to the management of appendicitis with debates on the 
equivalence of treatment efficacy in both approaches. Coldrey 
in 1959 was the first to mention the successful treatment of 
appendicitis using the conservative approach. Since then, 
various studies which aim to evaluate the effectiveness and 

safety of nonoperative treatment of appendicitis have been 
conducted.

Researchers have attempted to evaluate the superlative 
approach with respect to favorable outcomes, prognosis, 
reduced complication rates, shorter hospital stay, and overall 
cost of treatment. However, the idea is still as controversial 
today as it was a century ago. Despite its success as shown 
by various publications, antibiotic treatment alone has not yet 
been accepted as a standardized treatment for noncomplicated 
cases of acute appendicitis.4

This paper aims to review available evidence in support and 
against both approaches to management, laying emphasis on 
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short- and long-term outcomes, complications, duration of 
hospitalization, and overall cost implications.

PathoPhysIology of acute aPPendIcItIs

The exact pathophysiology of acute appendicitis is unclear 
with many implicated factors.5 The disease process is believed 
to occur from luminal obstruction by a fecolith, lymphoid 
follicle hyperplasia, foreign bodies, or parasites.2,5-8 Fecoliths 
occur as a result of inspissated feces covered by calcium salts 
within the lumen of the vermiform appendix. Obstruction with 
hyperplastic lymphoid follicle is more likely in the pediatrics 
age group because of an abundance of lymphoid tissue in the 
submucosa which increases in size and number, and reach 
the maximum number and size during teenage years.5 Mucus 
is also secreted by epithelial cells with no outflow tract thus 
leading to distension of the viscus.6 This also inhibits venous 
and lymphatic drainage.

In acute appendicitis, there is a bacterial proliferation, increased 
intraluminal pressure, and pressure necrosis due to the edema 
and blockage of arterial blood flow. Subsequently, gangrene 
and perforation of the appendix occurs.7,9 When perforation 
occurs, there is a spillage of intraluminal bowel content into the 
peritoneal cavity which causes generalized peritonitis or abscess 
formation in some cases. However, a recent study conducted 
shows that intraluminal pressure is not always increased in 
patients with acute appendicitis.10 Some authors suggest a 
direct mucosal ulceration with bacterial invasion without 
luminal obstruction.6,11 Moreover, fecoliths may be present in 
the appendix and fail to give an obstructive symptomatology.12

There is also a growing evidence to suggest that perforated 
appendicitis and nonperforated appendicitis have separate 
pathophysiological processes and should be considered as 
separate entities.13 Jackson and Mongodin14 reported that 
perforation occurred more commonly in patients with altered 
inflammatory responses and colonic microbiome. However, there 
is currently a lack of substantial evidence to validate these claims.

Although no gene has been implicated in the pathogenesis of 
acute appendicitis, the risk of appendicitis is roughly three 
times higher in members of families with a positive history for 
appendicitis than in those with no family history.2

ManageMent of aPPendIcItIs: conservatIve versus 
oPeratIve

After Coldrey mentioned the success of the conservative 
approach in the treatment of patients with appendicitis, 
available comparative studies on the subject increased 
exponentially. It is now well known that treatment with 
antibiotics alone is a safe initial treatment strategy for 
acute uncomplicated appendicitis.15-21 It could also be a 
primary treatment option for cases of acute uncomplicated 
appendicitis in high operative risk adult patients.8,21 Being a 
suitable approach for patients with high operative risks is a 
pertinent benefit of the conservative approach as shown in 

Table 1, however, its superiority to surgery has not been well 
demonstrated in literature.

On the other hand, surgery has remained the gold standard 
of treating appendicitis for over a century.22-25 Operative 
management of intra-abdominal infections still rests on the 
principles of elimination of focus, reduction of contamination 
of the peritoneal cavity, and treatment of residual infection.25-27

Appendicectomy may not be necessary in all cases of acute 
appendicitis as several publications show that some inflamed 
appendix may resolve spontaneously and others can be treated 
with antibiotics alone.28-31 However, the conservative approach 
is flawed with the possibility of recurrence which is almost 
absent if appendicectomies are performed. Recurrence rates after 
conservative treatment range from 0% to 40.2%, but authors 
also suggest that most recurrences progress in a much milder 
clinical course which could be conservatively treated again or 
surgically removed with no increase in complication rate.29,31-33

In addition to the almost 100% cure rate conferred by operative 
management of appendicitis, appendicectomy can also provide 
a definitive diagnosis and may sometime reveal an unexpected 
malignancy as shown in Table 2. Several pathologies can 
mimic appendicitis such as cecal neoplasm and carcinoid 
tumors, which can have fatal consequences if missed. 
Surgery helps in eliminating those risks as gross inspection 
and histopathology analysis is performed on all the samples. 
Some authors believe that the adult population managed 
conservatively should be followed up with colonoscopies to 
rule out sinister pathologies and colonic neoplasia rather than 
opt for an interval appendicectomy which could come out as 
normal appendix.4,34

Authors who advocate the conservative approach argue that 
the approach totally eliminates the risks and complications 
associated with surgery. Moreover, there has been a high rate 
of negative appendicectomy on histopathology examinations 
over the years.31,35,36

Some authors have even noted that appendicectomy in the 
presence of an appendix mass is a far more technically 
challenging procedure with an increased incidence of 
complications, morbidity, and mortality when compared with 
routine appendicectomy, thus reinforcing the implementation 
of the conservative approach.37

Furthermore, the issue of antibiotics resistance has become an 
increasingly grave threat to global public health. The empirical 
use of broad-spectrum antibiotics over a period of time without 
a culture and sensitivity result could lead to growth of resistant 
strains of microbes. This raises a point for the continued use 
of the gold standard appendicectomy in the management of 
appendicitis.

A limitation of the surgical approach could be considered due 
to the significant rates of negative appendectomies, higher 
cost, longer length of stay, and higher morbidity.38,39 Using the 
standardized mortality ratio to describe the excess mortality 
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in the operated patient compared with the general population 
in Sweden, Blomqvist et al.,40 found 3.5-fold excess mortality 
after an appendicectomy  for nonperforated appendicitis, 
6.5-fold excess mortality after perforated appendicitis, and 
9.1-fold increase after a negative appendicectomy. Flum 
and Koepsell39 found a three-fold increase in mortality after 
negative appendicectomy compared with appendicectomy for 
appendicitis.

It is suggested that each year over 250,000 appendectomies 
for presumed appendicitis are performed in the United States 
with a 15% negative appendicectomy rate. Deliberations 

linger as to what should be the appropriate “negative” 
appendicectomy rate for patients suspected of having acute 
appendicitis. The controversy centers on balancing the 
complications of appendicectomy for a normal appendix with 
those for a perforated appendix.38 Fortunately, improvement in 
diagnostic tools such as computed tomography scan, diagnostic 
colonoscopy, and laparoscopy has reduced the incidence of 
negative appendicectomies to a large extent, although more 
sensitive and specific diagnostic methods would provide better 
insight.

PrIMary outcoMes of conservatIve versus 
oPeratIve ManageMent of aPPendIcItIs

Although antibiotics have been successfully utilized in the 
management of acute appendicitis for decades,41 Eriksson and 
Granstrom were the first individuals to conduct a randomized 
control trial in 1995 to evaluate the efficacy of conservative and 
operative treatment;42 they concluded that antibiotics treatment 
is effective in the treatment of acute appendicitis but with a 
high recurrence rate (35%).

Lai et al.43 found the rate of recurrence after conservative 
treatment to be 25.5%. Kaminski et al.44 reported a 5% 
recurrence rate within a median follow-up time of 4 years 
in 864 patients with acute appendicitis treated solely with 
antibiotics. Furthermore, other researchers have reported a 
high success rate for the nonoperative medical treatment of 
acute appendicitis as compared to the high complication rates 
of appendectomies performed in suboptimal conditions during 
situations of remote medical care;44 a scenario which is of 
grave significance in resource-strained third-world countries 
in Sub-Saharan Africa.

Mason28 in his systemic review stated that appendicectomy 
may not be necessary for the majority of patients with 
acute uncomplicated appendicitis, as many patients resolve 
spontaneously and others may be treatable with antibiotics 
alone but that antibiotics regimen had an inferior efficacy.32

Hansson et al.16 in their randomized controlled trial aimed to 
evaluate antibiotic treatment as the first-line therapy in the 
management of acute uncomplicated appendicitis and found 
the treatment efficacy to be 90.8% for antibiotic therapy and 
89.2% for surgery, thus concluding that antibiotics treatment is 
a safe alternative to surgery. This is the first study which rates 
antibiotics over surgery in terms of primary outcomes, but it is 
important to note that all the studies have varying definitions 
for what is considered as treatment success and this can create 
a bias when analyzing the data available.

In the meta-analysis by Liu and Fogg,45 there was 6.9% 
initial treatment failure with conservative treatment and a 
14.2% recurrence rate thus concluding that in some cases, 
antibiotic treatment may fail, and there is a risk of recurrence. 
However, surgically treated patients, including those with the 
potential for spontaneous resolution and those with a normal 
appendix, are subjected to the risks of operative morbidity 

Table 1: Pros and cons of the conservative management 
of acute appendicitis

Conservative management of appendicitis

Pros Cons
A suitable approach for high 
operative risk adults

Recurrence of appendicitis 
is high after conservative 
management

Conservative management 
eliminates the risks, mortality and 
complications associated with 
surgery

Length of hospital stay is 
increased with this approach to 
management

It reduces the rate of negative 
appendicectomies

Appendicitis mimics such 
as cecal neoplasm, carcinoid 
tumors could be missed

Recuperation is faster in patients 
treated with antibiotics

The public health threat of 
antimicrobial resistance may 
be increased with the use of 
empirical broad spectrum 
antibiotics without microbial 
culture and sensitivity

A cost-effective approach with 
subtler economic implications when 
compared to surgical approach

Longer duration of follow-up is 
demanded

Patients treated using the 
conservative approach have been 
shown to have a shorter sick leave 
and resume work and leisure earlier

Table 2: Pros and cons of the operative management of 
acute appendicitis

Operative management of appendicitis

Pros Cons
Operative management has a 
cure rate of 100% with no risk of 
recurrence

High rates of negative 
appendectomies have been 
recorded

Gross inspection and histological 
examination of specimen can be 
done thus a definite pathological 
diagnosis can be made

Surgeries are associated with 
complications and could carry 
a significant morbidity and 
mortality

Appendicetomies may help reveal 
unexpected malignancies and 
sinister pathologies

Cost of surgery 
(especially laparoscopic) is high

Quick recovery time in cases of 
uncomplicated acute appendicitis

Surgery is challenging if 
appendicitis is complicated with 
appendiceal mass or phlegmon 
or adhesions
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and mortality. Antibiotic therapy incurs significantly fewer 
complications.

Ansaloni et al.,4 systematically evaluated evidence available 
in relevant literature to compare the relative effectiveness of 
antibiotic therapy as a viable alternative to appendectomies. 
They found out that efficacy was significantly higher for 
surgery although accompanied by higher complication rates.

Svensson et al.,18 assessed the feasibility and safety of 
nonoperative treatment of acute nonperforated appendicitis 
with antibiotics in children. They found out that 92% treated 
with antibiotics had an initial resolution of symptoms, only 
5% had recurrence of acute appendicitis during follow-up. 
Mason et al.32 stated that the overall treatment failure rate in the 
antibiotic group was 40.2% versus 8.5% in the appendicectomy 
group which shows an inferior efficacy in the antibiotic group. 
Varadhan et al.,46 found a 68% success rate with antibiotics 
alone and a trend toward a reduced risk of complications with 
a recurrence rate of 15%.

The largest multicenter open-label noninferiorly randomized 
control trial on “Antibiotic versus Operative management of 
appendicitis” was conducted in the appendicitis acuta trial by 
Paajanen et al.47 The aim was to compare antibiotics (Ertapenem) 
therapy with appendicectomy in the treatment of uncomplicated 
acute appendicitis. The result showed 99.6% success rate 
in surgery and 72.7% in the antibiotic group. Recurrence 
was associated with a milder form of the disease with only 
10% having complicated appendicitis on recurrence which 
was operated successfully. A 5-year follow-up of antibiotic 
therapy for uncomplicated acute appendicitis in the APPAC 
Randomized controlled trial by Salminen et al.,48 showed a 
cumulative incidence of appendicitis recurrence at 39.1% 
in 5 years for patients treated with antibiotics and an overall 
complication rate of 6.5% at 5 years compared to 24.4% in 
patients who underwent an appendicectomy.

The NOTA study conducted by Di Saverio et al.,49 showed 
that antibiotics for suspected acute appendicitis are safe 
and effective and may avoid unnecessary appendicectomy, 
reducing operation rate, surgical risks, and overall costs. 
After 2 years of follow-up, recurrences in patients treated 
conservatively was <14% and these patients may be safely 
and effectively treated with further antibiotics.

Tanaka et al.50 found the initial success rate of nonoperative 
treatment to be 98.7%. Follow-up was done for 4.3 years, and 
the recurrence rate of appendicitis was 28.6%, with 20.8% 
occurring in the 1st year. Gorter et al.51 stated that there was 
no treatment failure in all the pediatric patients conservatively 
managed. However, a limitation to his study was a short 
follow-up time of just 8 weeks, as there might be possibilities 
of recurrence. Di Saverio et al.,49 Wojciechowicz et al.,52 both 
reported the long-term efficacy of nonoperative treatment of 
appendicitis. Huston et al.31 however critiqued this study due 
to logical concerns with study designs, conduct of study and 
use of open appendicectomy in majority of the cases.

Sippola et al.,53 in their study, stated the results for the primary 
endpoint which showed that most patients randomized to 
antibiotic treatment did not require appendicectomy even a year 
after follow-up. Huang et al.23 in their meta-analysis showed 
that antibiotics as the initial treatment for pediatric patients 
with uncomplicated appendicitis may be feasible and effective 
without increasing the risk for complications. However, the 
failure rate mainly caused by the presence of appendicolith 
is higher than for appendicectomy. Surgery is suggested for 
uncomplicated appendicitis with appendicolith.

Sakran et al.54 aimed to synthesize evidence from randomized 
controlled trials comparing nonoperative versus surgical 
management of uncomplicated acute appendicitis in adult 
patients. They found treatment efficacy at 1-year follow-up 
significantly lower (63.8%) compared to surgery (93%) 
concluding that conservative management of uncomplicated 
appendicitis in adults warrants further study. Addressing 
patients’ expectations through a shared decision-making process 
is a crucial step in optimizing these nonoperative outcomes.

An amazing approach taken by Talan et al.55 was to compare 
the outcomes of antibiotic treatment and appendicectomy based 
on the 1-month major complication rate rather than failure rate 
or recurrence rates. This evaluation of the primary outcome 
independent of treatment strategy helped to reduce bias. The 
result showed major complications in two appendicectomy 
participants (14.3%) and 1 antibiotics-first participant (6.3%). 
This suggests the use of antibiotics rather than the surgical 
approach to management might be beneficial.

Studies have also shown that in addition to the management 
of acute uncomplicated appendicitis with antibiotics, it is 
possible to manage complicated appendicitis conservatively. 
The conservative management of complicated appendicitis is 
associated with a decrease in complication and reoperation 
rate compared with acute appendicectomy.56

In general, antibiotics can be safely used to manage acute 
uncomplicated appendicitis, as literature supports this. 
However, the bone of contention remains whether it has the 
same efficacy as surgery or one approach is superlative. As 
many surgeons are still skeptical about the total reliance on 
conservative treatment because of the high rate of recurrence 
in comparison with appendicectomy, this makes it very 
difficult to standardize the antibiotic treatment or choose it as 
a gold standard. Research on its superiority to surgery remains 
rather inconclusive although it has been proven to be safe and 
effective.

analysIs of assocIated coMPlIcatIons

Every surgical procedure is associated with risks of morbidity 
and mortality. Appendicectomy is not exempted, with the 
morbidity of interval appendicectomy ranging from 3.4% to 
19% according to literature reviews performed by Lai et al.43

Appendicectomy, either done as an emergency or interval 
procedure, is not devoid of complications. The mortality and 
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morbidity associated with these procedures are significant, with 
values of 10%–19% for acute appendicitis without perforation 
and 12%–30% for those with perforation.22,40,57-60 Hoffmann et al. 
stated that treating appendiceal mass conservatively, morbidity, 
and expense of routine interval appendicectomy was thus 
eliminated in 80% of the patients.61

The perforated appendix is known to be associated with a 
significant increase in morbidity. This has been a rationale 
for immediate surgical treatment of acute appendicitis. 
Interestingly, some studies show no difference in morbidity 
between patients who had intact acute appendicitis and those 
with perforated appendix.62

In  comparison wi th  operat ive  management ,  the 
c o n s e r v a t i v e  a p p r o a c h  s e e m s  t o  c a r r y  l o w e r 
morbidity (as low as 2.8%).24,28,45,47 Liu and Fogg45 also found 
out that complications were considerably less likely to occur 
with antibiotic treatment than with appendicectomy.

Ansaloni et al.4 found that the number of patients who 
developed complications was significantly higher in the 
surgery group. They also reported significantly reduced pain 
observed after 12 h of conservative treatment and lower pain 
scores during follow-up for those treated conservatively. Other 
authors based on their research findings have similar views.

In contrast, while authors such as Harnoss et al.,36 
Kirby et al.63 found that suspected uncomplicated appendicitis 
has a lower rate of major postintervention complications when 
managed with primary appendicectomy compared to antibiotic 
therapy; others found no difference in complications between 
the two approaches.54

Complications associated with operative management could be 
intraoperative and postoperative. Early surgical postoperative 
complications include bleeding, hematoma formation, colonic 
fistula, surgical site infection, intra-abdominal abscess, and 
ileus. Late complications which includes postoperative 
hypertrophic scars, incisional hernia (especially with open 
appendicectomy approach), intraperitoneal adhesions leading 
to small bowel obstructions, and tubal infertility (in females).49

It is important to consider the approach of surgical intervention 
utilized when comparing complications in surgery versus 
antibiotics management. Conducting a meta-analysis of 
randomized control trials that failed to differentiate what 
surgical approach was utilized could create bias because 
laparoscopic surgery and open surgery are not equivalent. It is 
believed that laparoscopy is associated with lower complication 
rates. Sauerland et al.64 compared the diagnostic and therapeutic 
effects of laparoscopic and conventional “open” surgery and 
found that laparoscopic approach is associated with less wound 
infection, less pain, and increased return back to activity; 
although there was a higher rate of intra-abdominal abscess in 
laparoscopic compared to the open approach.

Vahdad et al.65 found no type of laparoscopic approach superior 
as the outcome of Laparo-endoscopic single site (LESS-A) 
through one transumbilical port versus a three-port laparoscopy 

was similar. However, Sporn et al.66 reported a higher risk of 
complication in laparoscopic approach to uncomplicated acute 
appendicitis as compared to the open approach.

econoMIc IMPlIcatIon and cost analysIs of 
conservatIve and oPeratIve ManageMent

In 1997, overwhelming resources were spent on treating 
acute appendicitis in the United States, including roughly 
one million hospitalization days costing nearly 3 billion 
dollars.67 A lot of clinicians consider the direct and indirect 
costs of appendicectomies on the patient and health system. 
Arguably, a cost-effective way of managing patients with acute 
uncomplicated appendicitis is the conservative approach.68

Sippola et al.,53 concluded that the overall costs in the operative 
group were 1.6 times higher than those in the antibiotics group. 
In the same study, only 5.5% of the operated population had 
laparoscopic surgery, while others had a laparotomy. It can 
be proposed that the cost of laparoscopic appendicectomy 
might be even higher due to the increased cost of ports, 
laparoscopic sutures, and disposable equipment, but the 
meta-analysis conducted by Ohtani et al.68 showed similar cost 
for laparoscopic and open appendicectomy.

Wu et al.69 in a meta-analysis comparing the cost-effectiveness 
of nonoperative management versus laparoscopic surgery also 
found out that nonoperative management without interval 
appendicectomy is the least costly and most effective treatment 
for acute uncomplicated appendicitis and warrants further 
evaluation in a disease thought to be definitively surgical.

Although many of the studies did not differentiate what surgical 
approach was utilized (open or laparoscopic approach), 
it was stated in the study by Sporn et al.66 that the cost of 
laparoscopic appendicectomy is 22% higher compared to 
the cost of open surgery. In fact, McCahill et al. stated that 
laparoscopic appendicectomy is more expensive and does not 
necessarily provide a better clinical outcome.56 However, this 
is also debatable.

This difference in costs to both the service providers and 
society overall strongly encourages further evaluation of 
antibiotic therapy as the first line treatment for uncomplicated 
acute appendicitis as shown in Table 1. The mean cost was 
also higher for surgery in studies by some authors.3,55,62 It can 
be inferred from those studies that the nonsurgical approach 
may result in substantial cost-savings thus has an advantage 
over operative management in this regard.

evaluatIon of the secondary outcoMes In 
oPeratIve and nonoPeratIve ManageMent of 
aPPendIcItIs

While stating “treatment efficacy” as the primary outcome in 
most literature, secondary outcomes included the duration of 
hospitalization and the total duration the patient had to spend 
off activities such as school, work, or leisure. Although it might 
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seem redundant to evaluate these outcomes, it is important to 
manage the patient holistically. To achieve this, “patient factor” 
must be considered.

The patient-reported outcome has been increasingly 
used by the modern researchers because there has been 
a tilt to the patient-centered clinical methods rather 
than physician-centered. Thus, in a comparative study, 
patient-reported outcomes such as health status, quality of 
life, should be considered, but there has been paucity of data 
as regards this in the meta-analyses over the years.

With regard to the duration of hospitalization, most researchers 
found that patients who had acute uncomplicated appendicitis 
who were managed surgically spent lesser time in the hospital 
compared to those who were managed conservatively.36,49,53,62 
This is probably due to the antibiotics regimen which has to 
be taken intravenously over a period of 3–5 days as compared 
to surgery without complications with a next-day discharge. 
The studies reviewed also concluded that patients who were 
managed conservatively had a shorter sick leave and resumed 
work earlier than those who underwent surgery.53 An explanation 
to this could be because surgery incites the stress response and it 
takes significant amount of days to recuperate after an operation. 
Patients who had surgery miss a median of 10–14 days from 
work and resume normal activity in 7–21 days.64

As expected, there would be results that are not in tandem 
with a longer duration of hospital stay in the antibiotics group. 
Some authors report a similar duration of stay between both 
groups.32,54,70 Ansaloni et al.4 reported that the difference in 
hospital stay between the two groups was not significant. From the 
literature search, no author established if there was a significant 
difference in the length of stay between open appendicectomy 
and antibiotics versus laparoscopic appendicectomy versus 
antibiotics, but Sporn et al.66 stated that the length of stay 
is shorter for laparoscopic appendicectomy (15%) in both 
complicated and uncomplicated appendicectomy when 
compared to open appendicectomy. Few studies reported a 
reduction in the duration of sick leave in the patients treated 
using nonoperative management but found no difference in the 
length of stay in hospital between the two groups.32,50

Talan et al.55 also reported a shorter hospital stay for the 
antibiotic group. The median total hospital time during 
1 month was 16.2 h (range 10.9–106.6 h) in the antibiotics-first 
group compared with 42.1 h (range 28.0–128.8 h) in the 
appendicectomy group.

The inference from various literature is that although 
conservative management could result in increased length of 
hospitalization, overall the patients recuperate faster than those 
who had surgery, thus making it more efficacious in this aspect. 
Scientific questions have been raised over the years whether it 
is practical to administer antibiotic treatment to patients with 
acute uncomplicated appendicitis on an outpatient basis, thus 
reducing the increased length of in-patient hospital admission 
associated with conservative treatment. Talan et al.55 went 

ahead to conduct a pilot randomized trial which describes 
a novel, safe, and effective strategy that allows outpatient 
antibiotic management of imaging-confirmed uncomplicated 
appendicitis. This method was regarded as safe and effective 
with a low recurrence rate (6%). As novel as this sounds, it 
could pose a problem of patient compliance to medications, 
which can limit the efficacy of the antibiotics administered.

Limitations and recommendations
Majority of the randomized control trials performed with 
respect to the evaluation of conservative versus operative 
management of appendicitis had small sample sizes, short 
follow-up time, flawed study designs and randomization 
techniques, lacked homogeneity, and were inconsistent in 
their choice of terms. There was largely a vague definition of 
“treatment successes” in most studies, with disparities among 
various studies as to what efficacy encompassed. Future studies 
should consider these limitations and improve on them.

Furthermore, it was impossible to blind patients in these 
randomized control trials because an invasive approach is 
being compared to a conservative approach. Patients need to 
be fully involved in their management; thus, this creates a form 
of bias in the studies as there was no blinding.

Although many authors declared that antibiotics were safe 
and effective, there was no consensus as to which antibiotics 
were to be used. The conservative approach was largely 
not standardized. For example, an author decided to use 
amoxicillin and clavulanic acid as the antibiotic of choice, 
another used Ertrapenem. Escherichia coli is relatively 
resistant to amoxicillin and clavulanate, so if the offending 
organism was E. coli, these antibiotics would be ineffective 
and thus be recorded as a treatment failure. Future studies 
should work with the same or similar class of antibiotics and 
a regimen to cover enteric anaerobic bacteria.

More research should be done on analyzing the predictors of 
successful antibiotic treatment as this will improve the efficacy 
of conservative treatment and reduce the risk of recurrences. 
Furthermore, a combined approach to diagnosis should be 
employed. This should involve clinical findings with laboratory 
and imaging studies to reduce the incidence of negative 
appendicectomy and diagnostic uncertainties. Reliance solely 
on clinical judgment is not advocated as a lot of pathologies 
can mimic the presentation of acute appendicitis.

There is a need for an increase in research focused on patient 
outcomes rather than only the researcher or physician’s point 
of view. Patient-centered clinical methods should be employed 
as often as possible. Outpatient conservative treatment should 
also be explored to reduce length of hospitalization and overall 
cost. Finally, the role of the appendix in immune mediation 
should be explored rather than regard it as a vestigial organ.

conclusIon

Despite the increasing use of antibiotics as the first line of 
treatment in acute uncomplicated appendicitis, the actual 
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application and effectiveness of nonoperative treatment have 
been questioned due to evidence gaps in the literature. Many 
of the authors agree that with its high success rate, reduced 
complication rates, and cost-effectiveness, medical treatment 
seems to be a good alternative to the gold standard therapy of 
surgery in the management of acute appendicitis. However, 
due to the disparities and inconsistencies in literature over the 
years, the superiority of conservative approach over surgery 
in the management of acute appendicitis cannot be verified.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, 

Berry WR, et al. An estimation of the global volume of surgery: 
A modelling strategy based on available data. Lancet 2008;372:139-44.

2. Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT. Acute 
appendicitis: Modern understanding of pathogenesis, diagnosis, and 
management. Lancet 2015;386:1278-87.

3. Won RP, Friedlander S, Lee SL. Regional variations in outcomes and 
cost of appendectomy in the United States. J Surg Res 2017;219:319-24.

4. Ansaloni L, Catena F, Coccolini F, Ercolani G, Gazzotti F, 
Pasqualini E, et al. Surgery versus conservative antibiotic treatment 
in acute appendicitis: A systematic review and meta-analysis of 
randomized controlled trials. Dig Surg 2011;28:210-21.

5. Almaramhy HH. Acute appendicitis in young children less than 5 years: 
Review article. Ital J Pediatr 2017;43:15.

6. Rothrock SG, Pagane J. Acute appendicitis in children: Emergency 
department diagnosis and management. Ann Emerg Med 2000;36:39-51.

7. Flum DR. Clinical practice. Acute appendicitis – Appendectomy or the 
“antibiotics first” strategy. N Engl J Med 2015;372:1937-43.

8. Baird DL, Simillis C, Kontovounisios C, Rasheed S, Tekkis PP. Acute 
appendicitis. BMJ 2017;357:j1703.

9. Wangensteen OH, Dennis C. Experimental proof of the obstructive 
origin of appendicitis in man. Ann Surg 1939;110:629-47.

10. Arnbjörnsson E, Bengmark S. Obstruction of the appendix lumen in relation 
to pathogenesis of acute appendicitis. Acta Chir Scand 1983;149:789-91.

11. Collins DC. 71,000 human appendix specimens. A final report, 
summarizing forty years’ study. Am J Proctol 1963;14:265-81.

12. Singh JP, Mariadason JG. Role of the faecolith in modern-day 
appendicitis. Ann R Coll Surg Engl 2013;95:48-51.

13. Andersson R, Hugander A, Thulin A, Nyström PO, Olaison G. 
Indications for operation in suspected appendicitis and incidence of 
perforation. BMJ 1994;308:107-10.

14. Jackson HT, Mongodin EF, Davenport KP, Fraser CM, Sandler AD, 
Zeichner SL. Culture-independent evaluation of the appendix and 
rectum microbiomes in children with and without appendicitis. PLoS 
One 2014;9:e95414.

15. Armstrong J, Merritt N, Jones S, Scott L, Bütter A. Non-operative 
management of early, acute appendicitis in children: Is it safe and 
effective? J Pediatr Surg 2014;49:782-5.

16. Hansson J, Körner U, Khorram-Manesh A, Solberg A, Lundholm K. 
Randomized clinical trial of antibiotic therapy versus appendicectomy 
as primary treatment of acute appendicitis in unselected patients. Br J 
Surg 2009;96:473-81.

17. Styrud J, Eriksson S, Nilsson I, Ahlberg G, Haapaniemi S, 
Neovius G, et al. Appendectomy versus antibiotic treatment in acute 
appendicitis. A prospective multicenter randomized controlled trial. 
World J Surg 2006;30:1033-7.

18. Svensson JF, Hall NJ, Eaton S, Pierro A, Wester T. A review of 
conservative treatment of acute appendicitis. Eur J Pediatr Surg 
2012;22:185-94.

19. Fitzmaurice GJ, McWilliams B, Hurreiz H, Epanomeritakis E. Antibiotics 
versus appendectomy in the management of acute appendicitis: A review 
of the current evidence. Can J Surg 2011;54:307-14.

20. Minneci PC, Sulkowski JP, Nacion KM, Mahida JB, Cooper JN, 
Moss RL, et al. Feasibility of a nonoperative management strategy 
for uncomplicated acute appendicitis in children. J Am Coll Surg 
2014;219:272-9.

21. Abongwa HK, Cervellin G, Tarasconi A, Perrone G, Baiocchi G, 
Portolani N, et al. Antibiotics alone for uncomplicated acute 
appendicitis in high operative risk adult patients: Analytical review of 
RCTs and proposal of evidence based treatment decision. Acta Biomed 
2017;87:334-46.

22. Erdoğan D, Karaman I, Narci A, Karaman A, Cavuşoğlu YH, 
Aslan MK, et al. Comparison of two methods for the management of 
appendicular mass in children. Pediatr Surg Int 2005;21:81-3.

23. Huang L, Yin Y, Yang L, Wang C, Li Y, Zhou Z. Comparison of antibiotic 
therapy and appendectomy for acute uncomplicated appendicitis in 
children: A meta-analysis. JAMA Pediatr 2017;171:426-34.

24. Skoubo-Kristensen E, Hvid I. The appendiceal mass: Results of 
conservative management. Ann Surg 1982;196:584-7.

25. Poon SH, Lee JW, Ng KM, Chiu GW, Wong BY, Foo CC. The current 
management of acute uncomplicated appendicitis: Should there be a 
change in paradigm? A systematic review of the literatures and analysis 
of treatment performance. World J Emerg Surg 2017;12:46.

26. Farthmann EH, Schöffel U. Principles and limitations of operative 
management of intraabdominal infections. World J Surg 1990;14:210-7.

27. Wilms IM, de Hoog DE, de Visser DC, Janzing HM. Appendectomy 
versus antibiotic treatment for acute appendicitis. Cochrane Database 
Syst Rev 2011;(11):CD008359.

28. Mason RJ. Surgery for appendicitis: Is it necessary? Surg 
Infect (Larchmt) 2008;9:481-8.

29. Kumar S, Jain S. Treatment of appendiceal mass: Prospective, 
randomized clinical trial. Indian J Gastroenterol 2004;23:165-7.

30. Sallinen V, Akl EA, You JJ, Agarwal A, Shoucair S, Vandvik PO, et al. 
Meta-analysis of antibiotics versus appendicectomy for non-perforated 
acute appendicitis. Br J Surg 2016;103:656-67.

31. Huston JM, Kao LS, Chang PK, Sanders JM, Buckman S, 
Adams CA, et al. Antibiotics vs. appendectomy for acute uncomplicated 
appendicitis in adults: Review of the evidence and future directions. 
Surg Infect (Larchmt) 2017;18:527-35.

32. Mason RJ, Moazzez A, Sohn H, Katkhouda N. Meta-analysis of 
randomized trials comparing antibiotic therapy with appendectomy 
for acute uncomplicated (no abscess or phlegmon) appendicitis. Surg 
Infect (Larchmt) 2012;13:74-84.

33. Podda M, Gerardi C, Cillara N, Fearnhead N, Gomes CA, Birindelli A, 
et al. Antibiotic treatment and appendectomy for uncomplicated acute 
appendicitis in adults and children: A systematic review and meta-
analysis. Ann Surg 2019. [Epub ahead of print].

34. Meshikhes AW. Management of appendiceal mass: Controversial issues 
revisited. J Gastrointest Surg 2008;12:767-75.

35. Ehlers AP, Talan DA, Moran GJ, Flum DR, Davidson GH. Evidence 
for an antibiotics-first strategy for uncomplicated appendicitis in adults: 
A systematic review and gap analysis. J Am Coll Surg 2016;222:309-14.

36. Harnoss JC, Zelienka I, Probst P, Grummich K, Müller-Lantzsch C, 
Harnoss JM, et al. Antibiotics versus surgical therapy for 
uncomplicated appendicitis: Systematic review and meta-analysis of 
controlled trials (PROSPERO 2015: CRD42015016882). Ann Surg 
2017;265:889-900.

37. Gillick J, Velayudham M, Puri P. Conservative management of appendix 
mass in children. Br J Surg 2001;88:1539-42.

38. Velanovich V, Satava R. Balancing the normal appendectomy rate with 
the perforated appendicitis rate: Implications for quality assurance. Am 
Surg 1992;58:264-9.

39. Flum DR, Koepsell T. The clinical and economic correlates of 
misdiagnosed appendicitis: Nationwide analysis. Arch Surg 
2002;137:799-804.

40. Blomqvist PG, Andersson RE, Granath F, Lambe MP, Ekbom AR. 
Mortality after appendectomy in Sweden, 1987-1996. Ann Surg 
2001;233:455-60.

41. Lembcke PA. Measuring the quality of medical care through 



Bolakale‑Rufai and Irabor: Conservative versus operative management of acute appendicitis

Nigerian Medical Journal ¦ Volume 60 ¦ Issue 5 ¦ September-October 2019 233

vital statistics based on hospital service areas; I. Comparative 
study of appendectomy rates. Am J Public Health Nations Health 
1952;42:276-86.

42. Eriksson S, Granström L. Randomized controlled trial of 
appendicectomy versus antibiotic therapy for acute appendicitis. Br J 
Surg 1995;82:166-9.

43. Lai HW, Loong CC, Wu CW, Lui WY. Watchful waiting versus interval 
appendectomy for patients who recovered from acute appendicitis with 
tumor formation: A cost-effectiveness analysis. J Chin Med Assoc 
2005;68:431-4.

44. Kaminski A, Liu IL, Applebaum H, Lee SL, Haigh PI. Routine interval 
appendectomy is not justified after initial nonoperative treatment of 
acute appendicitis. Arch Surg 2005;140:897-901.

45. Liu K, Fogg L. Use of antibiotics alone for treatment of uncomplicated 
acute appendicitis: A systematic review and meta-analysis. Surgery 
2011;150:673-83.

46. Varadhan KK, Neal KR, Lobo DN. Safety and efficacy of antibiotics 
compared with appendicectomy for treatment of uncomplicated acute 
appendicitis: Meta-analysis of randomised controlled trials. BMJ 
2012;344:e2156.

47. Paajanen H, Grönroos JM, Rautio T, Nordström P, Aarnio M, 
Rantanen T, et al. A prospective randomized controlled multicenter trial 
comparing antibiotic therapy with appendectomy in the treatment of 
uncomplicated acute appendicitis (APPAC trial). BMC Surg 2013;13:3.

48. Salminen P, Tuominen R, Paajanen H, Rautio T, Nordström P, 
Aarnio M, et al. Five-year follow-up of antibiotic therapy for 
uncomplicated acute appendicitis in the APPAC randomized clinical 
trial. JAMA 2018;320:1259-65.

49. Di Saverio S, Sibilio A, Giorgini E, Biscardi A, Villani S, Coccolini F, et al. 
The NOTA study (Non operative treatment for acute appendicitis): 
Prospective study on the efficacy and safety of antibiotics (amoxicillin 
and clavulanic acid) for treating patients with right lower quadrant 
abdominal pain and long-term follow-up of conservatively treated 
suspected appendicitis. Ann Surg 2014;260:109-17.

50. Tanaka Y, Uchida H, Kawashima H, Fujiogi M, Takazawa S, Deie K, et al. 
Long-term outcomes of operative versus nonoperative treatment for 
uncomplicated appendicitis. J Pediatr Surg 2015;50:1893-7.

51. Gorter RR, van der Lee JH, Cense HA, Kneepkens CM, Wijnen MH, 
In ‘t Hof KH, et al. Initial antibiotic treatment for acute simple 
appendicitis in children is safe: Short-term results from a multicenter, 
prospective cohort study. Surgery 2015;157:916-23.

52. Wojciechowicz KH, Hoffkamp HJ, van Hulst RA. Conservative 
treatment of acute appendicitis: An overview. Int Marit Health 
2010;62:265-72.

53. Sippola S, Grönroos J, Tuominen R, Paajanen H, Rautio T, 
Nordström P, et al. Economic evaluation of antibiotic therapy versus 
appendicectomy for the treatment of uncomplicated acute appendicitis 
from the APPAC randomized clinical trial. Br J Surg 2017;104:1355-61.

54. Sakran JV, Mylonas KS, Gryparis A, Stawicki SP, Burns CJ, 
Matar MM, et al. Operation versus antibiotics – The “appendicitis 
conundrum” continues: A meta-analysis. J Trauma Acute Care Surg 
2017;82:1129-37.

55. Talan DA, Saltzman DJ, Mower WR, Krishnadasan A, Jude CM, 
Amii R, et al. Antibiotics-first versus surgery for appendicitis: A US pilot 
randomized controlled trial allowing outpatient antibiotic management. 
Ann Emerg Med 2017;70:1-11.e9.

56. McCahill LE, Pellegrini CA, Wiggins T, Helton WS. A clinical outcome 
and cost analysis of laparoscopic versus open appendectomy. Am J Surg 
1996;171:533-7.

57. Hale DA, Molloy M, Pearl RH, Schutt DC, Jaques DP. Appendectomy: 
A contemporary appraisal. Ann Surg 1997;225:252-61.

58. Colson M, Skinner KA, Dunnington G. High negative appendectomy 
rates are no longer acceptable. Am J Surg 1997;174:723-6.

59. Margenthaler JA, Longo WE, Virgo KS, Johnson FE, Oprian CA, 
Henderson WG, et al. Risk factors for adverse outcomes after the 
surgical treatment of appendicitis in adults. Ann Surg 2003;238:59-66.

60. Guller U, Jain N, Peterson ED, Muhlbaier LH, Eubanks S, 
Pietrobon R. Laparoscopic appendectomy in the elderly. Surgery 
2004;135:479-88.

61. Hoffmann J, Lindhard A, Jensen HE. Appendix mass: Conservative 
management without interval appendectomy. Am J Surg 
1984;148:379-82.

62. Turhan AN, Kapan S, Kütükçü E, Yiğitbaş H, Hatipoğlu S, 
Aygün E. Comparison of operative and non operative management of 
acute appendicitis. Ulus Travma Acil Cerrahi Derg 2009;15:459-62.

63. Kirby A, Hobson RP, Burke D, Cleveland V, Ford G, West RM. 
Appendicectomy for suspected uncomplicated appendicitis is associated 
with fewer complications than conservative antibiotic management: 
A meta-analysis of post-intervention complications. J Infect 
2015;70:105-10.

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

65. Vahdad MR, Nissen M, Semaan A, Klein T, Palade E, Boemers T, et al. 
Experiences with LESS-appendectomy in children. Arch Iran Med 
2016;19:57-63.

66. Sporn E, Petroski GF, Mancini GJ, Astudillo JA, Miedema BW, 
Thaler K. Laparoscopic appendectomy – Is it worth the cost? Trend 
analysis in the US from 2000 to 2005. J Am Coll Surg 2009;208:179-85.

67. Davies GM, Dasbach EJ, Teutsch S. The burden of appendicitis-related 
hospitalizations in the United States in 1997. Surg Infect (Larchmt) 
2004;5:160-5.

68. Ohtani H, Tamamori Y, Arimoto Y, Nishiguchi Y, Maeda K, 
Hirakawa K. Meta-analysis of the results of randomized controlled trials 
that compared laparoscopic and open surgery for acute appendicitis. 
J Gastrointest Surg 2012;16:1929-39.

69. Wu JX, Dawes AJ, Sacks GD, Brunicardi FC, Keeler EB. Cost 
effectiveness of nonoperative management versus laparoscopic 
appendectomy for acute uncomplicated appendicitis. Surgery 
2015;158:712-21.

70. Simillis C, Symeonides P, Shorthouse AJ, Tekkis PP. A meta-analysis 
comparing conservative treatment versus acute appendectomy 
for complicated appendicitis (abscess or phlegmon). Surgery 
2010;147:818-29.


