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Comparative effectiveness of surgery
versus antibiotics in acute appendicitis: a
systematic review

Aim: To review outcomes of surgical and antibiotic management of acute appendicitis.
Methods: 11 prospective studies comparing surgical versus antibiotic management
of acute appendicitis over a 21-year period were reviewed. Results: Antibiotic
management is successful in most cases of uncomplicated acute appendicitis. The need
for crossover in management and recurrent appendicitis were low among all studies.
For those patients who ultimately required surgery, no increased complications were
observed. Conclusion: The decision to use antibiotics to treat acute appendicitis
should be held to the same standards of diagnostic rigor as surgical management.
Antibiotics may be safely recommended in patients with high surgical risk, such as the
elderly or those with multiple comorbidities.
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Acute appendicitis is the most common
urgent surgical diagnosis with an estimated
lifetime incidence between 7 and 14% [1].
Within the USA, roughly 300,000 indi-
viduals undergo appendectomy
ally (12). Traditionally, it was thought that
delayed time from presentation to surgery

annu-

in patients with acute appendicitis led to an
increased risk of perforation [1-3]. However,
others have found no association between
perforation and in-hospital time prior to
surgery. Rather, perforation is more likely
to be related to progression of disease in the
prehospital interval, and is generally inde-
pendent of in-hospital time [4]. In recent
years, clinicians and researchers have chal-
lenged the notion that appendicitis must
be managed surgically. Numerous studies
have been conducted to evaluate the role
of antibiotics in the management of acute
appendicitis. Most of them have shown
that appendectomy may not be neces-
sary in the majority of patients with acute
uncomplicated appendicitis [3,5-14].

This is an important consideration,
because all the patients who undergo
operations are subject to risks of potential
intraoperative and postoperative complica-
tions, regardless of how ‘minor’ the opera-
tion may be. Although appendectomy car-
ries a low 30-day mortality rate of 0.1% for
laparoscopic appendectomy to 0.3% for open
appendectomy [15], postoperative complica-
tions, such as abscess, hematoma/bleeding,
wound infection and bowel injury, occur at
a rate of 2-23% (7.16]. Approximately, 3% of
appendectomy patients require admission
for bowel obstruction within 10 years [7].
Moreover, some patients undergo ‘nonthera-
peutic’ operations when they are incorrectly
diagnosed with appendicitis: these so-called
‘negative appendectomies’ (NA) have been
estimated to occur in 15-30% [3-4.17] of
appendectomies, though data conclusively
show that modern diagnostic imaging capa-
bilities can dramatically reduce the rate of
misdiagnosis [17]. Patients at the greatest risk
of bowel obstruction after appendectomy are
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those with perforated appendicitis, NA, advanced age
and other comorbid conditions. Patients with NA were
5.4-times more likely to develop a bowel obstruction
within a 30-year period in a study by Andersson [18],
and NA has also been associated with longer length
of stay (LOS), increased total hospital charges, higher
case fatality rate and increased risk of postoperative
infectious complications [19].

The first prospective study to evaluate the role of
antibiotics as definitive management of acute appen-
dicitis was conducted by Eriksson and Granstrém (3]
between 1992 and 1994. Since that time, there have
been numerous trials and observational studies
designed to further investigate this question [35-14].
In USA, few prospective studies have been conducted
to evaluate nonoperative management of acute appen-
dicitis, and surgery is largely still considered the gold
standard treatment for this condition. The aim of this
review is to help clinicians and patients make informed
and evidence-based decisions when considering an
operative versus antibiotic therapy in acute appen-
dicitis as well as to identify current gaps in relevant
metrics that are important to providers and patients.

Methods

PubMed was used to conduct a review of all
prospective studies and trials that compared opera-
tive and antibiotic management of acute appendicitis.
Search terms included ‘appendectomy’, ‘appendicitis’,
‘antibiotic’ and ‘nonoperative’. Systematic reviews
and meta-analyses were excluded although they were
cross-referenced to identify additional studies that
may have been missed during the initial search. The
references included in the prospective studies were
also cross-referenced to ensure that no pertinent stud-
ies were missed by the PubMed search strategy. The
search was restricted to English-language studies.
Our search strategy was developed and is presented in
Figure 1 according to the PRISMA format [20].

Both pediatric and adult cohorts were eligible
for inclusion. Additionally, enrollment criteria were
required to be identical for surgical and antibiotic
arms. For example, there was at least one study in
which patients were included in the antibiotics arm
if their diagnosis of appendicitis was not certain
and those who were placed in the surgery arm were
those with a more definitive diagnosis; this study was
excluded from our review. Additionally, one study
was excluded from our analysis due to overly stringent
exclusion criteria that would not allow applicability to
the general patient population.

Study characteristics and outcomes of interest were
inclusion and exclusion criteria, antibiotic regimen, use
of diagnostic imaging, use of laparoscopic approach,

crossover from antibiotic to surgical management arm
during index admission, appendicitis recurrence among
antibiotic-cmanaged subjects, final pathology, LOS,
time away from work or school and complications.
Cost ratios were used to compare surgery with antibi-
otic management without the need to convert curren-
cies or account for inflation over a 21-year period.

Results

11 studies conducted from 1995 to 2016 were eligible
for inclusion (Table 1). Study design varied among the
selections; there were four randomized controlled tri-
als, two prospective controlled trials, three nonran-
domized controlled trials, one prospective observa-
tional study and one prospective patient choice study.
Study population size ranged from 40 to 530. 40%
were conducted as multicenter trials. Two studies
included only pediatric patients [11,12] and one exclu-
sively included men [9]. Seven studies were conducted
in Europe, two in Asia and two in the USA (both
included only pediatric patients).

Inclusion & exclusion criteria

To be included in this review, studies had to require
the same diagnostic certainty for all the patients eligi-
ble for inclusion in either treatment arm. This should
lead to similar rates of acute appendicitis, complicated
appendicitis and misdiagnosis between operative and
nonoperative groups [9]. All studies required basic his-
tory and physical exam findings to identify possible
appendicitis. Lab values, including WBC and CRP
were reported by most studies. The study design for
Hansson et al. (6] included a deliberate attempt 7ot to
establish requirements for diagnosis; however, patient
history, physical exam, laboratory tests and imaging
results were used according to established clinical
practice. The authors explained that they chose to not
require imaging in the diagnostic criteria to reduce
additional testing costs [6].

Exclusion criteria were not discussed in 27.3% of
the reviewed studies [5.6.9]. The majority of studies
excluded patients with peritonitis or suspicion of per-
foration [3,7-9,11-13]. Histories of chronic intermittent
abdominal pain or inflammatory bowel disease were
also exclusion criteria in five studies [3,7.11-13]. Recent
antibiotic use (7] and allergy to study antibiotics [3.7.9]
were also the exclusion criteria in some studies.

Diagnostic criteria

It is known that imaging can improve the diagnostic
accuracy of acute appendicitis [89.17]. Improvements
in diagnostic imaging technology quality and avail-
ability allow for improved preoperative diagnosis and
characterization of the severity of appendicitis, which
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Figure 1. Study selection using PRISMA format.

can direct patient care [11]. The choice of diagnostic
imaging technique varied among studies and was not
explicitly required in two studies [6,9]. For the remain-
der of the studies, ultrasound and/or computed
tomography (CT) were used to confirm the diagnosis
of appendicitis and to identify perforation, phlegmon
or the presence of fecalith. CT scan was explicitly
required by Vons e 4/. (7] and Salminen ez a/. (13] and
was conducted after patient consent was obtained
in the former. It is known that the use of CT scan
reduces the number of NA [4,21,22]. However the num-
ber of patients imaged by each modality is not pro-
vided to allow us to evaluate a difference in imaging
preference and its effect on outcomes [3,5.11,12,14].

The modified Alvarado score was used as a
diagnostic criterion in two studies. However, one
study did not specify a cut-off score [9] and the other
used a cut-off score of 5, which is ‘equivocal for acute
appendicitis’ [3]. The use of such a scoring system can

o
o Records identified through Additional records identified
i database through other sources
= (n=14) (n=3)
c
[}
3
o Records after duplicates removed
= (n=16)
o
o
o
(7]
— Full-text articles excluded
. (n=5)
Full-text articles assessed * Retrospective review (n = 2)
for eligibility —» * Selection criteria unequal between
2 (n=16) study arms (n = 1)
8  Perforated appendicitis (n = 1)
i%’ ¢ Excessive exclusion criteria (n = 1)
Studies included in
° qualitative synthesis
[}
<] (n=11)
=]
©
=

help to guide the physicians in the identification of
those with probable (score: 8-9) and highly probable
(score: >9) acute appendicitis for treatment [2324]. A
study conducted by Farhnak and Talaei-Khoei [25]
was excluded from our review because the Alvarado
score was used to stratify patients into treatment arms.
Patients with Alvarado score: 5—7 were treated with
antibiotics and observation and those with score: 8—10
were surgically managed. While this might be a means
of reducing the rate of NA, it does not ensure a high
rate of diagnostic accuracy for the antibiotic group [25].

Treatment arms

Antibiotics regimens included one, two or three
antibiotics. Duration of mandatory inpatient antibiotic
management varied among studies from 0 to 2 days.
The majority of protocols required a 1-2-day inpatient
stay with intravenous antibiotics and transition to oral
antibiotics prior to discharge [5.6,8.9.11-14]. Vons et al. [7]
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Comparative effectiveness of surgery vs antibiotics in acute appendicitis

allowed patients to begin treatment with oral antibi-
otics if tolerated and DiSaverio ¢t al. (3] discharged
patients from the emergency department with oral
antibiotics. Subjects were monitored as inpatients to
observe failure of primary antibiotic therapy in 90.1%
of studies [3.5-14]. Patients were discharged from the
hospital when patients’ condition improved and oral
antibiotics and diet were tolerated. Outpatient antibi-
otic regimens consisted of one to two antibiotics for
total treatment duration of 4-10 days.

Patients within the operative management arms
underwent surgery within 24 h of admission for all the
studies. Use of laparoscopy ranged from 5.5 to 100%
among studies that reported this operative modal-
ity [579.11-14]. Discrepancy in operative approach
among studies likely relates both to difference in time
periods and the countries in which the studies were
conducted. Postoperative discharge criteria were not
explicitly stated in the majority of studies evaluated.

Crossover
For the purpose of our review, we have defined
crossover patients as those patients who were initially
assigned to antibiotic management yet required sur-
gery during the index admission (or in the case of
discharge from the emergency department, within
the first 5 days as was the definition for DiSave-
rio et al. [3]). Among the studies included in this
review, crossover did not necessarily indicate early
failure of antibiotic management, because cross-
over to surgery could occur for a variety of reasons
(patient choice, surgeon discretion and misdiagnosis
of disease severity on presentation, among others).
Crossover rates ranged from 5 to 47.5% (Table 2).
While the majority of patients required crossover
for failure to improve with antibiotic management,
there were additional reasons for patients to change
treatment arms within the index admission. Two
studies cited patients” desire for surgery as a reason
for crossover [5,6]. The crossover rate from primary
antibiotics management to primary surgical manage-
ment for Hansson ez al. [6] was the highest at 47.5%.
Within this study, patients were allowed to change
study arms on request. Among all the study patients,
the authors reported that 30.3% of patients preferred
a different treatment than what they were assigned;
this included 12.9% of patients assigned to pri-
mary antibiotic management. Although the authors
reported a primary failure rate of antibiotic therapy
as 9.2%, they also noted that surgeons made the
decision to crossover to surgery in 31.6% of patients
originally randomized to antibiotics. Due to this
ambiguity, we allocated these 31.6% of patients who
underwent surgery during the index admission to the

crossover group. One solution to the problem faced
by Hansson ez al. [6], is a prospective patient choice
design [11,12]. Minneci et a/. used this study design
for both pilot and then a larger study in pediatric
patients. Patient and family satisfaction was high
among both surgical and antibiotic management
groups in each study, which the authors attributed to
the positive benefits of active patient involvement in
decisions about their care [11,12].

Length of stay

LOS is presented in Table 3. Many of the studies
reported longer LOS for the antibiotic management
arms. This was especially true among studies requir-
ing two or more days of intravenous antibiotics with
an early nothing by mouth (NPO) period [5.8-10.13].
LOS was shorter in studies with higher usage of lapa-
roscopy and in fast-track antibiotic management,
such as in DiSaverio et al. [3].

Recurrence

Patients were followed on average for 1-2 years to
assess for recurrence. Recurrence rates ranged from
3.6 t0 36.8%, excluding those with immediate failure
of antibiotic treatment requiring crossover to appen-
dectomy (during index admission) and time to recur-
rence ranged from 3.4 to 8 months. Hansson ez 4/. (6]
did not report an overall recurrence rate, but did note
that a third of recurrences occurred within 10 days
of hospital discharge, and the remaining two-thirds
between 3 and 16 months. The majority of patients
with recurrence were managed operatively; however,
some patients were successfully managed a second
time with antibiotics [5-6,14]. Park et 2/. 14] and Hans-
son et al. [6] reported that 13-22.2% of patients with
recurrent appendicitis were managed successfully
with a second round of antibiotics. Turhan ez a/. [5,14]
also reported that 22.2% of patients with recurrent
appendicitis underwent medical treatment. One
of these patients had a third recurrence, which was
treated with appendectomy [s].

Pathology

Final pathology results were compared among the
three groups: patients who underwent primary surgical
management, patients who crossed over to surgery dur-
ing the initial antibiotics phase and primary antibiotic
patients with recurrent appendicitis. Among all groups
who had surgery, appendicitis was found on pathology
in85.2-97.9% of patients (Table 2). Four studies did not
report how many patients did not have appendicitis on
final pathology. When reported, appendiceal inflam-
mation documented on final pathology was present at
higher rates in those who crossed over to surgery and

Review

fsg

future science group

www.futuremedicine.com

475



Talutis & Drake

Review

palesojiad
palesoyiad g — 0- paieiojiad
(88/08) (L01/88) (z/s)  (€81/8) (8/8) (6L/61) (¥€) %9°8L - (88/6) (zoL/61)
(<] %6°06 %7T'C8 %58l %¥'v - %001 %00l p3140dasioN - %C'0lL %8'LL 600¢C ueyinp
snoualbueb  snouaibueb snoualbueb
%9l - (1) %€8- (2v) %89l -
snouowbsyd snouowbajyd snouowbajyd
(9€1) %6°LS — (8) %SL - (821) %T'LS -
paieiojiad paiesojiad paieiojiad
(€9) %z 0T - (€) %Sz - (dnoib  (0S) %0Z -
(soL/e8) (zoz/Le) (Lii/gL) (£91/81) (z9z/s€1) (zi/zy)  Aasbuns un (0s2/022) (901/51) (c02/96)
[9] %0'6L %0'8¥ %C9l %80l %L'68 %001 papnjpul) %0°88 - %7l %G’Ly 600C uossueH
snoualbueb snoualbueb
(1) %90 (1) %80-
paieiojiad palesojiad paieiojiad
(81) %9°LL — pajesopsad (L) %L 9v - (9) %8'v -
(€LL/L6) (8TL/ELL) (Lery)  (weL/LL) (ss1/051) (S) %e'LE- (SL/vL) (veL/ozt) (oL-1) (€L1/91) (8el/st)
(6] %8°S8 %€'88 %6°CL %L %896 (91/91) %001 %E'E6 %L6 14 %'l %L'LL 900C pnufis
snoualbueb snoualbueb
(8) %987 - (8) %01 —
snouowbajyd snouowbajyd
(1) %05 — snouowba|yd (8) %0 -
pajelsoiad (9) %627 — poresopiad pajelsoiad
(L) %Sz-  pajesopiad %001 — (1) %S -
(6L/z1)  (0z/6l) (8/0)  (02/2) (82/52) (1) %EPL - (L/1) (0z/L1) (z1-€) (61/£) (oz/1)
(8] %C'€9 %56 %0 %0L %€'68 (£/L) %001 %001 %S8 L %879€ %S G661 UOSS) T
dn-mojjo}
dn- aposids ul A1abuns dnoib dnoib (ebues (uorssiwpe ioyine
MO||0} IV 1s44 sonoignuy Aisbing [[Z2ETYe} paiinbay  ianossos) |es1bung ‘sypuow) xapul 1s414
(u) sonoiqnue Yyim ueaw burnp)
paieau Ajjnyssaxnns (u) suonedjdwod 2uaundai sppipuadde oel
'19y sjuaned jo 9, annesadolsod (u) ABbojoyred uo sipipuaddy 0} awil] JUSMINJ3Y  JDAOSSOID) JBdA Apnis

"ssw0d3no Apnis "z 3|qel

future science group

J. Comp. Eff. Res. (2017) 6(5)

476



Review

Comparative effectiveness of surgery vs antibiotics in acute appendicitis

477

www.futuremedicine.com

paiedijdwod
paiedijdwod (8) %ETL -
(s€/80)  (Lg€/S€) (£70)  (59/9) (1) %6'C- (59/19) (s€/1) (L€/2)
[z1] %08 %0°96 %0 %L'L - paiiodalioN - %8°€6 - %0¢ %S'S 9L0Z PIUUIN
paiedjdwod  paledijdwod paredidwod paieiojiad
91) %LV - (L) %Lzl - (L) %L9v— (2Q) %L0-
(eve/L81) (LST/Tve) (0£/9) (0Cz/vY) (Ev€/9€€) (95/09) (sL/s1) (EL2/1L2) (Sv—-€2) (¢v7e/ss) (£82/S1)
(€1] %ELL %C' 76 %98  %S'0C %6'L6 %606 %001 %€E°66 v'e %L'CC %8'GS §Gl0Z usaulwijes
pajedijdwod  paledydwod pajedijdwod
(SL) %¥'8-— () %02 - (L1) %69 -
(611/66) (6£1/891) (0z/91) payiodal (6S1/251) (611/€2)
(51] %C €8 - - - %6°€6 %08 10N %956 - %E 6l - ¥l0¢ JJed
snoualbueb snoualbueb
%t - (2) %ev -
paieloqiad pajesoyiad paresossad(y)
(V) %8 - 0- %S'8 -
(8¢/L7)  (0€/82) (6S1/91) (0s/9v) (1/0) (z/) (Lv/SY) (82/1) (0€/0)
(11 %196 %E°€6 - %0l %6 %0 %085 %L’S6 - %9°€ %L9 vLOZ 1PIUUIN
(shep g
ulyim
(ovL/zel) (esL/ovl) (Lz/€0) (8/9) (6L/L1) d|qed|jdde (ovL/22) '651/61)
[€] %E V6 %1'88 - - %T°S8 %SL %568 10N - %L'SL %6°'LlL t¥10C oOlisAesIg
paredijdwod
(6) %ST - paredijdwod
(0z1/18) (9g/z€) (L) %szL—-  (LLL-T'L) (901/9€)
(4] %89 - - - - %688 — payodalioN 4% %0'v€ - 1102 SUOA
snoualbueb
(S1) %S'Le -
snouowbajyd
(21) %0€ -
paieiojiad
(2) %S -
(0¥/9€) (¥7/0) (ov/€) (0t/9€) (21-v) (o¥/¥)
(ot] %06 - %0 %S'L - - - %06 8 %0l - 600¢ AleiN
dn-mojjo}
dn- aposids ul A19bins dnoib dnoib (ebues (uorssiwpe ioyine
MOJ||0} IV 1s414 s>noiqnuy  Aisbuns EZEYYe) paJinbay 19A0SS01D) |ea1bins ‘sypuow) Xapul 1s414
(u) sonoiqiue Yyim ueaw Bbunnp)
paiean Ajjnyssaddns (u) suonedijdwod 2duandal sppipuadde ajel
gEN| syuaned jo 9, annesadolsod (u) ABojoyred uo sipipuaddy 03} dwi] JUBMINJ3Y  JDAOSSOID) JBdA Apms

"saw0d3INo ApNis *(*1u0d) Z 3|qel

future science group



Review

Talutis & Drake

Table 3. Length of stay, sick leave and time off work/school.

Study Year Mean hospital LOS (SD) Sick leave (SD) Time off work/school(SD) Ref.

First Surgery Antibiotics Surgery Antibiotics Surgery Antibiotics

author

Eriksson 1995 3.4(1.9) 3.1 (0.3) - - - - 8]

Styrud 2006 2.6(1.2) 3.0(1.4) 6.0(4.4) 5.3(4.1) 10.1 (7.6) 8.0 (8.0) [9]

Hansson 2009 3 3 1 7 - - [6]

Turhan 2009 2.4 (1.4) 3.14 (0.10) - - - - [5]

Malik 2009 1.2 (2.1) 23.2(0.3) - - - - [10]

Vons 2011 3.96 (4.87) 3.04 (1.50) - - - - 7

DiSaverio 2014 NA 0.4 NA 5.8 - - B3]

Minneci 2014 0.83 1.58 (median) - - 5 3 [11]
(median)

Park 2014 6.4(1.7) 3.4 (1.3) - - - - [14]

Salminen 2015 3.0 3.0 (median) 19 7 - - [13]
(median) (median) (median)

Minneci 2016 0.83 1.54 (median) - - - - [12]
(median)

LOS presented as mean in days, unless noted otherwise(e.g., when noted as median). SD presented when available.

LOS: Length of stay; NA: Not Available; SD: Standard deviation.

those with recurrent appendicitis compared with those
assigned to primary surgery management. Although
many studies included ultrasound or CT for diagnosis,
data correlating imaging modality and final pathology
were not reported [3-s.11,12]. Accuracy of diagnosis was
greatest in the study by Salminen ez a/. 13], which used
CT as the required diagnostic imaging modality. In
this study, patients in the surgery arm were correctly
diagnosed 99.3% of time, crossover patients 100%,
and antibiotic arm patients who later developed recur-
rence 90.9%. Vons et al. 7], which also used CT,
did not report pathology of the surgical or crossover
groups; however, diagnosis of appendicitis (based on
pathology) for those with recurrent appendicitis was
accurate in 88.9% [7]. When patients in these studies
presented with recurrent abdominal pain, it was fre-
quently presumed that they had recurrent appendici-
tis: however 10-11.1% of patients in the recurrence
groups had NA. Use of diagnostic imaging was not
reported among those with recurrent symptoms.

For those patients who underwent surgery in the
study by Hansson et al. (6], efficacy of operative treat-
ment was defined as either the correct pathology of
appendicitis or another diagnosis requiring surgery.
Among those who underwent surgery during the
index admission, those in the surgery and crossover
groups, 88% had pathology consistent with acute
appendicitis and 1.2% had another diagnosis treat-
able by surgery, although the specific pathologies of
the three patients in this category were not specified.

For the purposes of our review, only diagnoses of
acute appendicitis were considered efficacious.

Among all the included studies, the diagnoses of
those without appendicitis included mesenteric ade-
nitis (8.9, Campylobacter enteritis, terminal ileitis,
ruptured ovarian cyst, pelvic inflammatory disease,
Meckel’s diverticulum [9], granulomatous disease [11]
and normal pathology [6.9].

Table 2 displays available data for rates of perforated
appendicitis. Three studies presented data on
complicated appendicitis, defined as presence of
abscess, phlegmon or gangrene [3.12,14]. Rates were
calculated using the number of patients with perfo-
rated or complicated appendicitis with respect to the
number of patients undergoing surgery within a given
group. Rates of perforated appendicitis ranged from
0.7 to 20% in the primary surgery group, 0—-100%
in the crossover group, and 0-31.3% in the recurrent
appendicitis group. Eriksson and Granstrém (8] had
one patient in the crossover group and the pathology
of that patient was consistent with perforated appen-
dicitis, giving a perforated appendicitis rate of 100%.
This patient was noted to develop peritonitis during
obligatory admission for antibiotics and was found
to have appendiceal perforation on pathology (8]. It is
not always possible to identify perforation on imag-
ing, thus it is not known how many antibiotic-treated
patients had perforated appendicitis at the time of ran-
domization. Additionally, progression to perforation is
a dynamic process and may occur between the time of
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imaging and randomization. Among the randomized
controlled trials, the rates of perforated appendicitis
should be equal between study arms. As more studies
are conducted using modern diagnostic imaging tools,
patients with significant perforation (i.e., not micro-
perforations that are evident only on final pathology)
may be identified prior to enrollment and not included.
This will likely affect the rate of crossover in future
studies as patients with clinically significant perforated
appendicitis may not improve with antibiotics alone.

Complications

Rates of complications were calculated for patients
assigned to surgical management and separately for
those in the antibiotic group who required surgery
(Table 2). Within the surgery group, complications
occurred in 4.4-20.5% of cases versus 0—-18.5% in
the group of patients originally started on antibiotics
but who crossed over to surgery. There was one death
among all the study populations. The death occurred
in a patient randomized to operative management
and occurred on day 5 after surgery due to cardio-
myopathy. The authors did not specify whether the
patient’s heart disease decompensated secondary to
perioperative stress (13]. Complications varied among
studies, but were most commonly wound infections
and intra-abdominal abscesses. Few patients required
reoperations, and some of these were not complica-
tions, in particular two patients who required defini-
tive operation for malignancy discovered at the initial
surgery [5s]. Complication rates for those with acute
appendicitis on pathology versus those with not
available (NA) were not reported.

Salminen et al. (13) and Hansson ez 4/. [6] had the
highest complication rates for surgery (20.5%) and anti-
biotic (16.2%) groups, respectively. Salminen ez al. [13)
reported a low laparoscopic surgery rate, which could
explain the higher incidence of complications in this
group. The authors noted in their discussion the major-
ity of the morbidity within their surgery group was
related to wound infections. They postulated that had
their laparoscopic rates been higher, there would have
been likely fewer complications [13]. Minneci ez 4/. [12]

reported a 100% laparoscopic rate and their rates of
complication were 7.7%.

Other findings
Patients in the antibiotic group reported less pain
than those in the surgery group and used less
narcotics [8]. Lower pain scores were reported as early
as 12 h [8]. Pain levels reported at 1 month were not
different among groups [6.7]. Sick days and days of
work/school missed were reported by few studies
(Table 3). When presented, patients in the antibiotic
group used less sick leave and spent less time away
from school or work compared with patients under-
going predominantly open appendectomy [3.6,9.11,13].
Cost information was presented in five studies
(Table 4). Primary admission costs were higher among
those in the surgery group. As noted in the ‘Methods’
section, costs were compared as a ratio of surgery to
antibiotics. Surgery ranged from 1.29- to 2.05-times
more expensive than primary antibiotic manage-
ment [3,5.6.12,14]. The cost ratio was highest for Hans-
son ¢t al. (¢, likely in part due to longer LOS for both
arms due to including obligatory intravenous antibiot-
ics for 24 h in the antibiotic group and recovery after
open appendectomy in the surgery group. Cost of anti-
biotic management reported by DiSaverio ez al. 3] was
low due to outpatient antibiotic management of acute
appendicitis [3]. The Comparing Outcomes of Drugs
and Appendectomy Trial is a trial in active enrollment
and is designed to evaluate the effectiveness of mostly
outpatient antibiotic management of acute appendicitis
in a setting where laparoscopic surgery is much more
common than in the European trials [26]. As treatment
practices move toward outpatient management with
antibiotics and earlier discharge of surgically managed
patients [27.28], costs of each arm will likely decrease.

Conclusion

In recent years, the treatment of numerous intra-
abdominal pathologies has shifted from primary sur-
gical management to primary medical therapy, with
surgery reserved for those who fail to improve with medi-
cations alone. Medical or percutaneous management of

Table 4. Differences in treatment costs.

Study (year) Mean cost of primary admission Surgery/antibiotic-cost
First author Surgery Antibiotics ratio

Hansson (2009) 36,900 SEK 18,000 SEK 2.05

Turhan (2009) 755 TL 585 TL 1.29

DiSaverio (2014) NA €180 ($190.11) -

Park (2014) Us$2207 $1140 1.94

Minneci (2016) $4960 $3641 1.36
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intra-abdominal diseases, such as abscesses in Crohn’s
disease, tubo-ovarian abscesses and acute diverticulitis,
have been proven to be effective in these patients and
minimal adverse effects are seen in patients who go on
to require surgery [12]. Appendicitis may be added to
this list in the future, but further data are necessary,
particularly because the operation that definitively
treats appendicitis is so much less morbid than, for
example, Hartmann’s procedure for diverticulitis or
salpingoophrectomy for a patient with tubo-ovarian
abscess who might otherwise have her ovary spared.
Our review included 11 studies conducted over a
21-year period, demonstrating evolutions in protocols
of care, diagnostic rigor and operative approach. One
of the major limitations of this review is the hetero-
geneity of study designs, including patient inclusion,
comparative metrics and measured outcomes. Despite
this limitation, numerous themes can be extracted
from a systematic review. Two temporal changes
were especially evident: laparoscopy use increased in
more recent studies (although international variation
remains) and recent studies have required decreasing
lengths of obligatory stay for antibiotic management.
The decision to use antibiotics to treat acute
appendicitis should be held to the same standards of
diagnostic rigor as surgical management. Antibiot-
ics may be safely recommended in patients with high
surgical risk, such as the elderly or those with mul-
tiple comorbidities [9]. However, antibiotics should
not be used simply for patients with lower suspicion
of acute appendicitis [9], as some studies had previ-
ously done [25]. Nonspecific management of equivo-
cal appendicitis increases antibiotic exposure and
subsequent risk of secondary healthcare associated
infection in patients who may not require therapy
and increase the societal risk of resistant bacterial
strains [9]. Eriksson ez a/. evaluated the risk of second-
ary healthcare-associated infection as a result of anti-
biotic use; 39/40 patients were tested for Clostridium
difficile infection in the follow-up period. Although
none of the patients within this study tested positive
for C. difficile, risk of secondary infection should be
considered in all patients treated with antibiotics [s].
It is necessary to emphasize that the data reviewed
here are for patients with uncomplicated appendi-
citis. Basic principles of general surgery and source
control of intra-abdominal infection still apply: those
with a consolidated abscess require source control
(generally with percutaneous drain), severe phleg-
mon should generally be treated with intravenous

antibiotics rather than immediate surgery, and those
rare patients who present with signs/symptoms of dif-
fuse peritonitis require an operation and intervention
as dictated by the clinical findings.

In summary, these studies demonstrate that
antibiotic management is successful in most cases of
uncomplicated acute appendicitis. The need for cross-
over in management and rates of recurrent appendi-
citis were low among all the studies. Importantly, for
those patients who ultimately required surgery, no
increased complications were observed.

Future perspective

As the costs of each arm decrease, attention to patient-
centered outcomes, including quality of life, pain con-
trol, satisfaction with care and time away from work/
school, will likely become the key factors in patients’
decision-making processes [11]. The importance of
informed consent in appendicitis management now
requires not only the risks and benefits of surgery,
but, for eligible patients, should also include the pos-
sibility of an antibiotics first approach including the
risks of early failure and longer term recurrence, as
well as the comparative risks and benefits of each
therapeutic approach. Some patients are motivated
to avoid surgery whenever possible. On the other
hand, some patients and families may be unwilling
to accept the risks of recurrent appendicitis with the
attendant costs, missed school or work days, repeated
imaging studies that use ionizing radiation and anxi-
ety for each instance of nonsurgical abdominal dis-
comfort [12]. Minneci et al. 12] found that patient and
family satisfaction was high when given treatment
choice. With increased emphasis on patient satisfac-
tion in modern systems of healthcare delivery, patient
choice — when appropriate — may become a major
influence on the management of appendicitis. These
data and data that are forthcoming will allow us to
appropriately counsel patients on the comparative
risks and benefits of each approach.
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Executive summary

e This is a review of 11 prospective studies comparing surgical and antibiotic management of acute appendicitis over a 21-year

period.

Improvements in diagnostic imaging technology quality and availability allow for improved preoperative diagnosis and
characterization of the severity of appendicitis, which can direct patient care.

Antibiotics regimens included one, two or three antibiotics. Duration of mandatory inpatient antibiotic management varied
among studies from 0 to 2 days. Outpatient antibiotic regimens consisted of one to two antibiotics for total treatment duration of
4-10 days. Patients in surgical management arms were operated on within 24 h of admission.

We have defined crossover patients as those patients who were initially assigned to antibiotic management yet required surgery
during the index admission. Crossover rates ranged from 5 to 47.5%.

Many of the studies reported longer lengths of stay for the antibiotic management arms.

Recurrence rates ranged from 3.6 to 36.8%, excluding those with immediate failure of antibiotic treatment requiring crossover to
appendectomy.

Among all groups who had surgery, appendicitis was found on pathology in 85.2-97.9% of patients. Rates of perforated
appendicitis ranged from 0.7 to 20% in the primary surgery group, 0-100% in the crossover group, and 0-31.3% in the recurrent
appendicitis group.

Within the surgery group, postoperative complications occurred in 4.4-20.5% of cases versus 0-18.5% in the antibiotics group.
Primary admission costs were higher among those in the surgery group. Surgery ranged from 1.29 to 2.05-times more expensive
than primary antibiotic management.
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