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A 56-year-old man presents with a 2-day history of abdominal pain. The pain be-
gan centrally but has moved to the right lower quadrant of his abdomen in the past 
6 hours. He has a body-mass index (the weight in kilograms divided by the square of 
the height in meters) of 33, a body temperature of 100°F (37.8°C), and a white-cell 
count of 11,500 per cubic millimeter. The right side of his lower abdomen is tender 
to palpation. A computed tomographic (CT) scan was ordered by his primary care phy-
sician after he was examined in the clinic, and the results are consistent with appendi-
citis. He has had three prior surgical procedures: an open Nissen fundoplication com-
plicated by a pulmonary embolism and two incisional hernia repairs with mesh. 
After receiving the results of his CT scan, he found information online about doctors 
in Europe who are using antibiotics alone to treat appendicitis, and he asks specifi-
cally about that option. How would you manage this case?

The Clinic a l Problem

Approximately 300,000 people undergo appendectomy each year in the United 
States, with an estimated lifetime incidence of appendicitis that ranges from 7 to 
14%, on the basis of sex, life expectancy, and the precision with which the diag-
nosis is confirmed.1,2 After accounting for the appendectomies in patients who do 
not have appendicitis (so-called negative appendectomies), many have used the rate 
of appendectomy as a surrogate for the rate of appendicitis. Although the inci-
dence of appendectomy is similar in men and women, men have a higher incidence 
of appendicitis.3

The use of advanced imaging and laparoscopy may have increased the number 
of patients with the diagnosis,4 a certain proportion of whom may have a resolu-
tion of symptoms without appendectomy or may never have progression to clinical 
appendicitis.3 The “overdiagnosis” of what might otherwise be self-resolving ap-
pendicitis was suggested by a trial5 involving patients with nonspecific abdominal pain 
who were randomly assigned to either early laparoscopy or watchful waiting. Appen-
dicitis was identified in approximately 30% of the patients in the laparoscopy group 
as compared with less than 6% of the patients in the observation group, findings that 
call into question the clinical importance of the additional cases identified by means 
of laparoscopy.

Pathoph ysiol o gy

A better understanding of the pathophysiology of appendicitis is important in 
evaluating the potential of an antibiotics-first treatment strategy. Appendicitis has 
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historically been thought to result from luminal 
obstruction with a fecalith, distention, bacterial 
overgrowth, increased intraluminal pressure, and 
progressive tissue compromise with gangrene and 
perforation.6 However, a more recent study mea-
suring the luminal pressure in patients with ap-
pendicitis has shown increased pressure in only 
a quarter of the patients.7 Similarly, in one study, 
fecaliths were identified in only 18% of the pa-
tients with appendicitis (and in 29% of those with-
out appendicitis).8 Growing evidence also suggests 
that perforation is not necessarily the inevitable 
result of appendiceal obstruction. Perforated ap-
pendicitis and nonperforated appendicitis appear 
to be different entities,3 with perforation occurring 
more commonly in patients with altered inflam-
matory responses or alterations in the colonic 
microbiome.9

S tr ategies a nd E v idence

Diagnosis

The diagnosis of appendicitis is supported by a 
history of abdominal pain that begins in the 
central abdomen and migrates to the right lower 
quadrant, tenderness to palpation on physical ex-
amination of that area, nausea or vomiting, mild 
leukocytosis, and low-grade fever, but these fea-
tures are inconsistently present, and fewer than 
50% of patients may have all these features.10 In 
a study involving patients with abdominal pain 
in whom appendicitis was suspected (but ultra-
sonography was nondiagnostic), the strongest pre-
dictors of appendicitis were migration of pain to 
the right lower quadrant (odds ratio, 3.4; 95% 
confidence interval [CI], 1.5 to 7.8) and vomiting 

(odds ratio, 5.4; 95% CI, 2.4 to 12.4).10 The use 
of diagnostic imaging, most often CT (Fig. 1) or 
ultrasonography, can minimize the risk that a di-
agnosis will be missed and can reduce the rate of 
unnecessary appendectomy.11 Although the re-
ported sensitivities and specificities of imaging 
tests for appendicitis vary widely across studies, 
both the sensitivity and specificity of CT, with or 
without oral contrast, are high (>90%)12 and are 
superior to those of ultrasonography; in addition, 
the sensitivity and specificity of CT are more con-
sistent among centers than are those of ultraso-
nography, for which the sensitivity ranges from 
44 to 100% and the specificity from 47 to 99%.13 
Magnetic resonance imaging has performance 
characteristics that are similar to those of CT,14 but 
because of the added cost, its use is best limited to 
patients who should not be exposed to radiation 
and in whom the performance of ultrasonogra-
phy may be challenging, such as those who are 
pregnant.15

The use of the Alvarado scoring system,16,17 
which includes clinical examination findings and 
laboratory values, is helpful in ruling out appen-
dicitis (Table 1). Scores range from 1 to 10, with 
higher scores indicating a greater risk of appen-
dicitis. When the score is less than 4, appendicitis 
is uncommon, and imaging and other interven-
tions can be avoided.18,19 When imaging is used, 
high-quality ultrasonography should be consid-
ered a first approach, but only in practice settings 
where its accuracy is sufficiently high. If high-
quality ultrasonography is not available or if ultra-
sonography fails to visualize the appendix, CT 
with lower-dose radiation protocols is often used. 
In practice settings in which high-quality diag-

Key Clinical Points

Acute Appendicitis

•	 Appendicitis is the most common reason for emergency abdominal surgery, with a lifetime incidence of 
7 to 14%.

•	 As compared with open appendectomy, laparoscopic appendectomy is associated with a reduced risk 
of surgical-site infection, a faster return to function, and a reduced risk of subsequent bowel 
obstruction.

•	 Several small, randomized trials comparing an antibiotics-first strategy (with appendectomy performed 
if patients do not have a response) with prompt appendectomy in patients with uncomplicated 
appendicitis showed no significant increase in complications with an antibiotics-first approach but also 
showed a substantial rate of crossover to surgery in the first 48 hours or appendectomy in the ensuing 
year.

•	 Appendectomy is still recommended for most people with uncomplicated appendicitis, but patients 
should be informed about options, and an antibiotics-first strategy may be considered in those who 
have strong preferences for avoiding an operation or who have contraindications to surgery.
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nostic testing is not available or when radiation 
is a particular concern (e.g., during the first trimes-
ter of pregnancy), a strategy of watchful waiting 
may be appropriate. Among higher-risk patients 
(e.g., those with compromised immune function) 
with suspected appendicitis, in whom watchful 
waiting may be problematic, laparoscopy can also 
be performed to establish the diagnosis and re-
move the appendix, if needed.

Surgical Treatment

Urgent appendectomy has been the mainstay of 
treatment for appendicitis since the late 1800s, 
with a major advance made in the 1990s, when 
the use of the laparoscopic approach was sug-
gested instead of the more conventional approach 
involving incision in the right lower quadrant 
(“open” procedure).20 In the United States, appen-
dectomy is performed laparoscopically in 60 to 
80% of cases, with hospitalization lasting an av-
erage of 1 to 2 days and a rate of complications 
of 1 to 3%.21,22 The laparoscopic approach is 
contraindicated in patients for whom inflation 
of the abdominal cavity with gas is contraindi-
cated, most commonly because of cardiopulmo-
nary conditions. Most of the open procedures 
that are performed in the United States were 
initiated laparoscopically but were converted to 
the open approach because of technical limita-
tions, body habitus, prior surgery, more advanced 
disease, or surgical inexperience.22,23

A large, national cohort study showed a rate 
of skin infection of 3.3% after laparoscopic ap-
pendectomy versus 6.7% after open appendectomy, 
and a median length of hospitalization of 1 day 
after either procedure.24 A systematic review of 
trials of laparoscopic and open appendectomy 
showed that the incidence of skin infection was 
more than 50% lower with the laparoscopic ap-
proach (odds ratio, 0.43; 95% CI, 0.34 to 0.54), and 
the hospital stay was 1.1 days shorter (95% CI, 
0.7 to 1.5).25 Unblinded assessments have shown 
that the laparoscopic approach is associated with 
less postoperative pain, but in a study in which 
patients were unaware of whether they had un-
dergone a laparoscopic procedure or an open pro-
cedure, differences in pain between the groups 
were minimal.26 The supplies used in the laparo-
scopic approach result in initially higher costs 
than those used in an open procedure, but formal 
cost-effectiveness assessments, which took into 
account these costs as well as the shorter hospi-

talization and quicker recovery associated with 
the laparoscopic approach, favored the laparo-
scopic approach.27

Although it has been routine practice to per-
form appendectomy promptly after diagnosis, the 
value of early appendectomy has been called into 
question. In a statewide cohort of adult patients 
undergoing appendectomy, the time between eval-
uation in the emergency department and surgery 
was not a predictor of the risk of perforation.28 
These data raise questions about performing ur-
gent appendectomy with the goal of preventing 
perforation. Another observational study similarly 
showed that a longer wait time to surgery was 
not associated with a higher risk of perforation 
but was associated with a higher risk of surgical-
site infection.29

A r e a s of Uncerta in t y

A major uncertainty in the management of ap-
pendicitis is whether an appendectomy is needed 
or whether antibiotics alone, with an appendec-
tomy performed only if the appendicitis does not 
resolve (an “antibiotics first” strategy), is a reason-
able alternative. The treatment of appendicitis 
with an antibiotics-first strategy was historically 
reserved for patients who were many days into 
an inflammatory process, with phlegmon and 
perhaps an abscess. Currently, a course of intra-

Component Possible Points

Symptoms

Migration of pain to the right lower quadrant 1

Anorexia 1

Nausea or vomiting 1

Signs

Tenderness in the right lower quadrant 2

Rebound pain 1

Elevated temperature 1

Laboratory findings

Leukocytosis 2

Left shift† 1

Total score 10

*	�Points are ascribed to each symptom, sign, and laboratory finding; patients 
with a score of less than 4 are unlikely to have appendicitis.

†	�A left shift is an increase in levels of immature neutrophil forms circulating in 
the peripheral blood.

Table 1. Alvarado Score for Acute Appendicitis.*
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venous antibiotics is administered in these pa-
tients, and drainage of the abscess is performed in 
an attempt to avoid a more extensive operation,30

potentially involving an ileocecectomy or ileosto-
my. Success with an antibiotics-alone approach in 
Navy personnel in whom appendicitis developed 
while they were at sea (and did not have access 
to an operating room) supports this strategy in 
patients with uncomplicated appendicitis as well.31

Subsequently, several randomized trials32-37 com-
pared appendectomy with an antibiotics-first 
strategy (with appendectomy as needed) for un-
complicated appendicitis and showed that most 
patients in the antibiotics-first group were able 
to avoid appendectomy. The rate of crossover to 
surgery within 48 hours after the initiation of 
antibiotics ranged among trials from 0 to 53%. 
Because the studies used different criteria to trig-
ger a crossover, this variability suggests substan-
tial heterogeneity of treatment effect across pa-
tients or variation in clinicians’ willingness to 
adhere to the antibiotic approach.

Clinical outcomes among patients randomly 
assigned to the antibiotics-first strategy were gen-
erally favorable, but the metrics of success were 
inconsistent (including reduction in white-cell 
count,33 avoidance of peritonitis,37 and general 
symptom reduction),34-36 and several trials had 
very small samples (Table S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org). As compared with patients 
assigned to undergo prompt appendectomy, pa-
tients assigned to the antibiotics-first strategy had 
lower or similar pain scores,33,36,37 required fewer 
doses of narcotics,33 and had a quicker return to 
work,33,36 but these outcomes were not assessed 
in all the studies. Perforation rates were not sig-
nificantly higher among patients assigned to the 
antibiotics-first approach; unexpectedly, in two 
trials,35,36 the appendectomy-first group had a 
significantly higher rate of perforation than the 
antibiotics-first groups.

Eventual appendectomy after initial, success-
ful treatment with antibiotics occurred in 10 to 
37% of the patients randomly assigned to the 
antibiotics-first strategy (mean time to appen-
dectomy, 4.2 to 7 months in the three studies in 
which this outcome was reported33,34,37). Data 
from longer follow-up periods were unavailable, 
and therefore it is unclear whether the likelihood 
of appendectomy continued to increase or stabi-
lized over time. In one report that included in-
formation on subsequent surgical pathological 
results,37 13% of the patients who underwent 
later appendectomy (after initially successful treat-
ment with an antibiotics-first strategy) did not 
actually have appendicitis; thus, the true rate of 
recurrent appendicitis is unknown. A population-
based study that used administrative data on 
hospitalizations in California showed that 5.9% 
of the patients who had a diagnostic code for 
appendicitis (but not appendectomy) at the index 
admission underwent an appendectomy within 
30 days after discharge from the hospital, and 
only 4% had a repeat hospitalization for appen-
dicitis in the subsequent years (median follow-
up, 7.4 years; median time to repeat hospitaliza-
tion, 1.9 years).38

The randomized trials involved a range of in-
terventions and durations of treatment. A typical 
protocol (Table 2) included 48 hours of intrave-
nous antibiotics while the patient was in the 
hospital, followed by 7 days of oral antibiotics 
that are sensitive to the typical organisms found 

Figure 1. Computed Tomographic (CT) Image 
of Appendicitis.

A	coronal	CT	reconstruction	shows	a	blind-ending	tu-
bular	structure	in	the	right	lower	quadrant	measuring	
10	mm	(arrow)	with	surrounding	fat	stranding,	find-
ings consistent with acute appendicitis.
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in intraabdominal infection (e.g., ciprofloxacin 
and metronidazole), and did not include repeat 
imaging to confirm resolution of appendicitis. 
In some studies, patients were given oral antibi-
otics while in the hospital if they did not have 
unacceptable side effects. Given the low rates of 
adherence to antibiotic regimens for many health 
conditions, it remains to be determined whether 
the “real world” results of an antibiotics-first strat-
egy will match those of the randomized, controlled 
trials. Moreover, all these studies were performed 
in Europe, and the fact that surgical patients more 
often underwent “open” appendectomy (34 to 82%), 
with an associated longer duration of hospital stay 
after surgery (mean, approximately 3 days) than is 
typical in the United States, limits extrapolation 
of the results to the United States. All the studies 
excluded patients with signs of perforation or sep-
sis and those who were pregnant or had compro-
mised immune function, and one study excluded 
women,34 further limiting generalizability.

Questions remain about whether complica-
tions related to delayed surgery; the number of 
days of antibiotic therapy; the amount of time 
spent in the hospital, doctors’ offices, and emer-
gency departments (Table S1 in the Supplemen-
tary Appendix); anxiety about future episodes of 
abdominal pain; and total costs of care differ 
substantively between treatment options. Fur-
thermore, factors associated with a higher risk 
of recurrence are unclear, and it is not currently 
possible to identify patients who should be di-
rected to surgery or offered an antibiotics-first 
strategy. Large, multicenter trials in the United 
States are needed to address clinical and patient-
reported outcomes of an antibiotics-first approach, 
as compared with prompt appendectomy. To de-
termine whether the antibiotics-first approach is 

“as good as” prompt appendectomy for uncom-
plicated appendicitis, the success in avoiding 
immediate appendectomy needs to be balanced 
against any increase in the length of hospitaliza-
tion related to a delayed, rescue appendectomy, 
the fear and burden of recurrence, and any dif-
ferences in the rate of complications and the 
quality-of-life effect of the two approaches.

The costs of the two strategies have not been 
directly compared except in small studies from 
Turkey (which compared all costs, including the 
cost of readmission for the patients who fol-
lowed an antibiotics-first strategy)35 and Sweden 
(which compared costs associated with the ini-
tial hospitalization only)36; both studies showed 
higher total costs of care with prompt appendec-
tomy. However, multiple rehospitalization events 
that result in an eventual appendectomy, poten-
tial differences in rates of complications related 
to the antibiotics-first approach, the cost of missed 
work, and the cost of caregiver support also re-
quire consideration in comparing the costs of 
these two approaches.

Another factor potentially relevant to the as-
sessment of benefits and risks of appendectomy 
is the question of whether the appendix has an 
active physiological function or is simply a vestigial 
organ. The observation that the appendix ap-
pears to have evolved independently of the ce-
cum across many species supports a possible 
functional role.39 Bacteria sequestered in the ap-
pendix may act as a “safe house,” repopulating 
the gut with healthy bacteria after massive diar-
rheal disease. For example, recurrence of Clostrid-
ium difficile infection (although not primary C. dif-
ficile infection40) is significantly more common 
among patients with a history of appendectomy 
than among those with an intact appendix.41

•	 Eligible patients are consenting adults who are not pregnant, do not have compromised immune function, and do 
not have certain implantable devices.

•	 Patients have no evidence of abscess or perforation on imaging.

•	 Patients have no evidence of sepsis or disseminated peritonitis on clinical examination.

•	 Patients are admitted to a hospital, and intravenous antibiotics are administered for 48 hours.

•	 Patients are assessed at intervals of 6–12 hours for progression of symptoms or development of sepsis.

•	 Patients begin oral intake of food; when pain is well controlled, patients are discharged home with 7 days of oral  
antibiotics.

•	 A patient proceeds to surgery if sepsis or shock, worsening fever, or disseminated peritonitis develops or if by  
48 hours the patient’s pain or elevated white-cell count is not reduced or the patient is unable to eat.

Table 2. Common Features of Randomized Clinical Trials of “Antibiotics First” Regimens.
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Guidelines

The American College of Surgeons,42 the Society 
for Surgery of the Alimentary Tract,43 and the 
World Society of Emergency Surgery44 all describe 
appendectomy (either laparoscopic or open) as 
the treatment of choice for appendicitis. Regard-
ing an antibiotics-first strategy, the American 
College of Surgeons patient information guide 
indicates that it “may be effective, but there is a 
higher chance of reoccurrence”42; the Society for 
Surgery of the Alimentary Tract patient care 
guidelines suggest that it is “not a widely accept-
ed treatment”43; and the World Society of Emer-
gency Surgery states that “this conservative ap-
proach features high rates of recurrence and is 
therefore inferior to the traditional appendecto-
my. . . . Non-operative antibiotic treatment may 
be used as an alternative treatment for specific 
patients for whom surgery is contraindicated.”44 
The recommendations in this article are gener-
ally consistent with these guidelines.

Conclusions a nd 
R ecommendations

The patient described in the vignette has clinical 
symptoms and signs consistent with acute appen-
dicitis, and the diagnosis was confirmed by diag-
nostic imaging. In the United States, the usual 
treatment recommendation for people with un-
complicated appendicitis is a prompt appendec-
tomy. The laparoscopic approach is preferred to 
the open approach by most surgeons (owing to 
a lower incidence of surgical-site infection and a 
faster return for the patient to usual activities) in 
the absence of contraindications to laparoscopy. 
However, experience in Europe suggests that an 
antibiotics-first strategy is an alternative that 
warrants consideration, particularly in a patient 
who has had prior surgical complications and 

has a strong preference for avoiding appendec-
tomy. Patients should understand that European 
randomized trials comparing this approach with 
appendectomy have shown that it is not associ-
ated with an increased risk of perforation or a 
higher rate of complications; however, these trials 
have also shown that as many as half the patients 
so treated will have early treatment failures, and 
all have a risk of recurrent appendicitis that may 
ultimately require appendectomy.

It remains to be determined whether the 
benefits of potentially avoiding an operation 
with the antibiotics-first approach are outweighed 
by the burden to the patient related to future 
appendicitis episodes, more days of antibiotic 
therapy, lingering symptoms, and uncertainty 
that may affect quality of life. This is especially 
true given that appendectomy, as performed in 
the United States, has a very favorable safety 
profile and typically involves a short hospital-
ization. Although appendectomy remains the 
recommended treatment for appendicitis, clini-
cians should inform appropriate patients about 
the evidence related to an antibiotics-first strat-
egy, as well as the uncertainties. I recommend 
that, pending more information regarding the 
effectiveness of an antibiotics-first approach 
and the longer-term outcomes of this strategy, 
patients interested in considering an antibiotics-
first approach should be encouraged to partici-
pate in clinical trials. When an antibiotics-first 
strategy is used outside a clinical trial, I would 
encourage treating physicians to include their 
experience in a patient registry (see the Supple-
mentary Appendix).

Dr. Flum reports receiving consulting fees from BenchMark 
Medical and Pacira Pharmaceuticals and providing expert testi-
mony related to medical malpractice cases for Surgical Consult-
ing. No other potential conflict of interest relevant to this article 
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Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

References
1.	 Weiss AJ, Elixhauser A, Andrews RM. 
Characteristics of operating room proce-
dures in U.S. hospitals, 2011: statistical 
brief #170. Rockville, MD:​ Agency for 
Healthcare Research and Quality, 2006 
(https:/​/​www​.hcup-us​.ahrq​.gov/​reports/​
statbriefs/​sb170-Operating-Room 
-Procedures-United-States-2011​.jsp).
2.	 Addiss DG, Shaffer N, Fowler BS, 
Tauxe RV. The epidemiology of appendici-

tis and appendectomy in the United States. 
Am J Epidemiol 1990;​132:​910-25.
3.	 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.
4.	 Buckius MT, McGrath B, Monk J, 
Grim R, Bell T, Ahuja V. Changing epide-
miology of acute appendicitis in the Unit-

ed States: study period 1993-2008. J Surg 
Res 2012;​175:​185-90.
5.	 Morino M, Pellegrino L, Castagna E, 
Farinella E, Mao P. Acute nonspecific ab-
dominal pain: a randomized, controlled 
trial comparing early laparoscopy versus 
clinical observation. Ann Surg 2006;​244:​
881-6.
6.	 Wangensteen OH, Dennis C. Experi-
mental proof of the obstructive origin of 

The New England Journal of Medicine 
Downloaded from nejm.org on May 14, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



n engl j med 372;20  nejm.org  May 14, 2015 1943

Clinical Pr actice

appendicitis in man. Ann Surg 1939;​110:​
629-47.
7.	 Arnbjörnsson E, Bengmark S. Obstruc-
tion of the appendix lumen in relation to 
pathogenesis of acute appendicitis. Acta 
Chir Scand 1983;​149:​789-91.
8.	 Singh JP, Mariadason JG. Role of the 
faecolith in modern-day appendicitis. 
Ann R Coll Surg Engl 2013;​95:​48-51.
9.	 Jackson HT, Mongodin EF, Davenport 
KP, Fraser CM, Sandler AD, Zeichner SL. 
Culture-independent evaluation of the ap-
pendix and rectum microbiomes in chil-
dren with and without appendicitis. PLoS 
One 2014;​9(4):​e95414.
10.	 Petroianu A. Diagnosis of acute ap-
pendicitis. Int J Surg 2012;​10:​115-9.
11.	 Drake FT, Flum DR. Improvement in 
the diagnosis of appendicitis. Adv Surg 
2013;​47:​299-328.
12.	Hlibczuk V, Dattaro JA, Jin Z, Falzon 
L, Brown MD. Diagnostic accuracy of 
noncontrast computed tomography for 
appendicitis in adults: a systematic re-
view. Ann Emerg Med 2010;​55:​51,-9.
13.	 Pinto F, Pinto A, Russo A, et al. Ac-
curacy of ultrasonography in the diagno-
sis of acute appendicitis in adult patients: 
review of the literature. Crit Ultrasound J 
2013;​5:​Suppl 1:​S1-S2.
14.	 Leeuwenburgh MM, Wiarda BM, 
Wiezer MJ, et al. Comparison of imaging 
strategies with conditional contrast- 
enhanced CT and unenhanced MR imag-
ing in patients suspected of having appen-
dicitis: a multicenter diagnostic perfor-
mance study. Radiology 2013;​268:​135-43.
15.	 Theilen LH, Mellnick VM, Longman 
RE, et al. Utility of magnetic resonance 
imaging for suspected appendicitis in 
pregnant women. Am J Obstet Gynecol 
2015;​212:​345.e1-345.e6.
16.	 Ohle R, O’Reilly F, O’Brien KK, Fahey 
T, Dimitrov BD. The Alvarado score for 
predicting acute appendicitis: a systemat-
ic review. BMC Med 2011;​9:​139.
17.	 Alvarado A. A practical score for the 
early diagnosis of acute appendicitis. Ann 
Emerg Med 1986;​15:​557-64.
18.	 Jones RP, Jeffrey RB, Shah BR, Desser 
TS, Rosenberg J, Olcott EW. The Alvarado 
score as a method for reducing the num-
ber of CT studies when appendiceal ultra-
sound fails to visualize the appendix in 
adults. AJR Am J Roentgenol 2015;​204:​
519-26.
19.	 Tan WJ, Pek W, Kabir T, et al. Alvara-
do score: a guide to computed tomogra-
phy utilization in appendicitis. ANZ J 
Surg 2013;​83:​748-52.
20.	Masoomi H, Nguyen NT, Dolich MO, 
Mills S, Carmichael JC, Stamos MJ. Lapa-
roscopic appendectomy trends and out-

comes in the United States: data from the 
Nationwide Inpatient Sample (NIS), 2004-
2011. Am Surg 2014;​80:​1074-7.
21.	 Andersson RE. Short-term complica-
tions and long-term morbidity of laparo-
scopic and open appendicectomy in a na-
tional cohort. Br J Surg 2014;​101:​1135-42.
22.	Papandria D, Lardaro T, Rhee D, et al. 
Risk factors for conversion from laparo-
scopic to open surgery: analysis of 2138 
converted operations in the American 
College of Surgeons National Surgical 
Quality Improvement Program. Am Surg 
2013;​79:​914-21.
23.	 Sakpal SV, Bindra SS, Chamberlain 
RS. Laparoscopic appendectomy conver-
sion rates two decades later: an analysis 
of surgeon and patient-specific factors 
resulting in open conversion. J Surg Res 
2012;​176:​42-9.
24.	 Ingraham AM, Cohen ME, Bilimoria 
KY, Pritts TA, Ko CY, Esposito TJ. Com-
parison of outcomes after laparoscopic 
versus open appendectomy for acute ap-
pendicitis at 222 ACS NSQIP hospitals. 
Surgery 2010;​148:​625-35.20797745
25.	 Sauerland S, Jaschinski T, Neugebauer 
EA. Laparoscopic versus open surgery for 
suspected appendicitis. Cochrane Data-
base Syst Rev 2010;​10:​CD001546.
26.	Katkhouda N, Mason RJ, Towfigh S, 
Gevorgyan A, Essani R. Laparoscopic ver-
sus open appendectomy: a prospective 
randomized double-blind study. Ann Surg 
2005;​242:​439-48.
27.	 Haas L, Stargardt T, Schreyoegg J. 
Cost-effectiveness of open versus laparo-
scopic appendectomy: a multilevel ap-
proach with propensity score matching. 
Eur J Health Econ 2012;​13:​549-60.
28.	Drake FT, Mottey NE, Farrokhi ET, et 
al. Time to appendectomy and risk of per-
foration in acute appendicitis. JAMA Surg 
2014;​149:​837-44.
29.	 Teixeira PG, Sivrikoz E, Inaba K, Talv-
ing P, Lam L, Demetriades D. Appendec-
tomy timing: waiting until the next morn-
ing increases the risk of surgical site 
infections. Ann Surg 2012;​256:​538-43.
30.	Olsen J, Skovdal J, Qvist N, Bisgaard 
T. Treatment of appendiceal mass — a 
qualitative systematic review. Dan Med J 
2014;​61:​A4881.
31.	 Wojciechowicz KH, Hoffkamp HJ, 
van Hulst RA. Conservative treatment of 
acute appendicitis: an overview. Int Marit 
Health 2010;​62:​265-72.
32.	 Varadhan KK, Neal KR, Lobo DN. 
Safety and efficacy of antibiotics com-
pared with appendicectomy for treatment 
of uncomplicated acute appendicitis: 
meta-analysis of randomised controlled 
trials. BMJ 2012;​344:​e2156.

33.	 Eriksson S, Granström L. Random-
ized controlled trial of appendicectomy 
versus antibiotic therapy for acute appen-
dicitis. Br J Surg 1995;​82:​166-9.
34.	 Styrud J, Eriksson S, Nilsson I, et al. 
Appendectomy versus antibiotic treat-
ment in acute appendicitis: a prospective 
multicenter randomized controlled trial. 
World J Surg 2006;​30:​1033-7.
35.	 Turhan AN, Kapan S, Kütükçü E, 
Yiğitbaş H, Hatipoğlu S, Aygün E. Com-
parison of operative and non operative 
management of acute appendicitis. Ulus 
Travma Acil Cerrahi Derg 2009;​15:​459-
62.
36.	Hansson J, Körner U, Khorram-
Manesh A, Solberg A, Lundholm K. Ran-
domized clinical trial of antibiotic thera-
py versus appendicectomy as primary 
treatment of acute appendicitis in un-
selected patients. Br J Surg 2009;​96:​473-
81.
37.	 Vons C, Barry C, Maitre S, et al. 
Amoxicillin plus clavulanic acid versus 
appendicectomy for treatment of acute 
uncomplicated appendicitis: an open-label, 
non-inferiority, randomised controlled 
trial. Lancet 2011;​377:​1573-9.
38.	McCutcheon BA, Chang DC, Marcus 
LP, et al. Long-term outcomes of patients 
with nonsurgically managed uncompli-
cated appendicitis. J Am Coll Surg 2014;​
218:​905-13.
39.	 Smith HF, Parker W, Kotzé SH, Laurin 
M. Multiple independent appearances of 
the cecal appendix in mammalian evolu-
tion and an investigation of related eco-
logical and anatomical factors. C R Pa-
levol 2013;​12:​339-54.
40.	 Sanders NL, Bollinger RR, Lee R, 
Thomas S, Parker W. Appendectomy and 
Clostridium difficile colitis: relationships 
revealed by clinical observations and im-
munology. World J Gastroenterol 2013;​19:​
5607-14.
41.	 Im GY, Modayil RJ, Lin CT, et al. The 
appendix may protect against Clostridium 
difficile recurrence. Clin Gastroenterol 
Hepatol 2011;​9:​1072-7.
42.	American College of Surgeons. Oper-
ation brochures: appendectomy, 2014 
(https:/​/​www​.facs​.org/​education/​patient 
-education/​patient-resources/​operations).
43.	 Society for Surgery of the Alimentary 
Tract. SSAT patient care guidelines: ap-
pendicitis (http://ssat​.com/​guidelines/ 
​Appendicitis​.cgi).
44.	Sartelli M, Viale P, Catena F, et al. 
2013 WSES guidelines for management of 
intra-abdominal infections. World J Emerg 
Surg2013;​8:​3.
Copyright © 2015 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on May 14, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 


