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Abstract

Purpose Nonoperative management (NOM) has been widely accepted as one of the standard treatments for patients with
acute appendicitis. However, predictive factors for the failure of NOM have not been thoroughly investigated.

Methods A total of 196 patients with acute appendicitis underwent NOM between April 2014 and December 2020. Of these 196 patients,
24 patients failed NOM and required emergency surgery (failure group: n=24), while the other 172 patients were successfully treated with
NOM (success group: n=172). These two groups were compared, and the predictive factors for the failure of NOM were investigated.
Results The number of patients who had a previous history of stroke was significantly increased in the failure group (12.5%
vs. 2.9%, p=0.026). Incarceration of an appendicolith on CT images was significantly associated with the failure group
(20.8% vs. 1.7%, p <0.001), while neither the presence of an appendicolith nor abscess was associated. The presence of
periappendiceal fluid was significantly associated with the failure group (50.0% vs. 26.7%, p =0.019). The incarceration of
an appendicolith (p <0.001, odds ratio=19.85) and periappendiceal fluid (p =0.009, odds ratio =3.62) were found to be
independent risk factors for failure of NOM. Neither the presence of an appendicolith nor abscess was associated with the
recurrence of appendicitis.

Conclusions The presence of an appendicolith or abscess was not a crucial factor for surgery. Incarceration of an appendi-
colith and periappendiceal fluid on CT images was predictive factors for the failure of NOM.
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Introduction

The nonoperative management (NOM) of patients with
appendicitis has been widely accepted [1]. Several meta-
analyses have revealed the safety and feasibility of NOM
for patients with uncomplicated appendicitis [2—-8]. Further-
more, even in patients with complicated appendicitis, the
superiority of NOM was demonstrated in terms of a lower
incidence of complications [9-12].

The incidence for failure of NOM in patients with uncom-
plicated appendicitis was reported to be 10% or less; on the
other hand, the incidence for failure of NOM in patients
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with complicated appendicitis was reported to be higher [4,
5, 10]. Previously, several retrospective studies suggested
predictive factors for failure of NOM [13-18]. However,
there have not been apparent criteria that imply a patients’
crucial risk for failure of NOM. Predicting patients who
fail in NOM yields a well-considered strategy for patients
with acute appendicitis. Herein, we retrospectively reviewed
patients who underwent NOM, investigated predictive fac-
tors for failure of NOM, and evaluated the feasibility of
NOM, especially in patients with abscesses.

Materials and methods
Study patients
A total of 196 patients with acute appendicitis under-

went NOM between April 2014 and December 2020 at
Fujinomiya City General Hospital. Of these 196 patients,
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24 patients failed NOM and required emergency surgery
(failure group: n=24), while the other 172 patients were
successfully treated and discharged after NOM (success
group: n=172). These two groups were compared, and the
risk factors for failure of NOM were investigated. In addi-
tion, 32 patients with abscesses (abscess group: n=32) were
compared with 164 patients without abscesses (nonabscess
group: n=164).

In the success group, 28 patients underwent interval
appendectomy after NOM. In the other 144 patients, 31
patients developed a recurrence of appendicitis during
the study period (recurrence group: n=31), and the other
113 patients did not develop a recurrence of appendicitis
(nonrecurrence group: n=113). In a subgroup analysis,
comparisons were performed between these two groups
(Fig. 1).

The study protocol was approved by the Institutional
Review Board of Fujinomiya City General Hospital.
Informed consent was waived for this retrospective study.

Strategy of NOM and definition of failure

In this study, all included patients were diagnosed with acute
appendicitis according to CT images, and enhanced CT was
generally performed unless the patient had a contraindica-
tion, such as an allergy to contrast agents or impaired renal
function. In this study, 34 patients performed CT examina-
tion without contrast. When patients were diagnosed with
acute appendicitis, they were assigned to surgery or NOM.
Although the selection of treatment was generally decided
according to each patient’s discretion, emergency surger-
ies were performed in cases with severe abdominal pain or
generalized peritonitis.

The selection of antibiotics was made at the discretion
of surgeons, taking the patient’s condition into considera-
tion. An antibiotic, cefmetazole (2 ~4 g/day), tazobactam
piperacillin (13.5 g/day), cefepime (2 g/day), or meropenem
(1.5 g/day), was generally administered until the symptoms
and inflammatory response subsided. If the effect was insuf-
ficient, the antimicrobial agent was exchanged for another
agent.

Failure of NOM was determined if the patient was con-
verted to undergo surgery before the resolution of symptoms
associated with appendicitis.

Clinical variables assessed

We reviewed the following clinical variables: sex, age, his-
tory of appendicitis, presence of comorbidities, and WBC
and C-reactive protein (CRP) levels at diagnosis, and time
from onset to diagnosis, antimicrobial agents, and length of
stay were reviewed.

Imaging parameters assessed

Among the 196 patients included in the study, all patients
were examined by abdominal MDCT using Light Speed
VCT (GE Healthcare, Tokyo, Japan) until January 2017
and SOMATOM Force (Siemens Healthineers AG, Erlan-
gen, Federal republic of Germany) after February 2017.
As CT findings, presence of appendicolith, incarceration
of appendicolith (dilation of peripheral side of appendix)
(Fig. 2), periappendiceal fluid (Fig. 3), and abscess were
reviewed.

Two experienced reviewers (a gastroenterological sur-
geon with 15 years of experience and a radiologist with
20 years of experience) retrospectively reviewed the imaging

Fig. 1 Outline of the study
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Fig.2 CT image of patient with incarceration of an appendicolith.
The arrow heads indicate the incarcerated appendicolith. The periph-
eral side of the appendix is dilated

parameters. Measurements were performed in consensus,
and both readers were blinded to the outcome at the time of
performing the measurements.

Statistical analyses

Study variables are shown as the number and percentage of
patients, percentage of patients, or mean values. Between-
group differences in nominal variables were analyzed by
Pearson’s chi-square test, and differences in continuous vari-
ables were analyzed by the Mann—Whitney U test. Multivari-
able logistic regression analysis was performed to determine
independent predictors of outcomes. All statistical analyses
were performed with the Statistical Package for the Social
Sciences, version 11.5 J for Windows 10 (SPSS, Chicago,
IL, USA). A p value < 0.05 was considered significant.

Fig.3 CT image of patient with periappendiceal fluid. The arrow
indicates the appendix. The arrow heads indicate the periappendiceal
fluid

Results

Comparison between the failure group and success
group (Table 1)

The male to female ratio and age were not different between
the groups. The presence of comorbidities, including dia-
betes mellitus, chronic renal failure, and coronary heart
disease/chronic heart failure, was not different between the
groups. The number of patients with a previous history of
stroke was significantly increased in the failure group (12.5%
vs. 2.9%, p=0.026). The WBC and CRP levels at diagno-
sis and the time from onset to diagnosis were not different.
Regarding CT findings, the presence of an appendicolith
was not different. On the other hand, the incarceration of
an appendicolith was significantly increased in the failure
group (20.8% vs. 1.7%, p<0.001). The presence of peri-
appendiceal fluid was significantly increased in the failure
group (50.0% vs. 26.7%, p=0.019). The presence of abscess
was not different.

In the success group, seven of the 20 patients who showed
an appendicolith at diagnosis were confirmed to have the
disappearance of said appendicolith on follow-up CT images
performed during the study period (not shown in table).

Factors predicting failure of NOM (Table 2)

Incarceration of an appendicolith (p <0.001, odds
ratio=19.85) and periappendiceal fluid (p =0.009, odds
ratio=3.62) were found by logistic regression analysis to
be independent predictors for failure of NOM.

Comparison between the abscess group
and the nonabscess group (Table 3)

The male to female ratio was not different. Age was sig-
nificantly higher in the abscess group (p <0.001). The pres-
ence of chronic renal failure was significantly increased in
the abscess group (6.2% vs. 0.6%, p=0.017). The presence
of stroke was significantly increased in the abscess group
(12.5% vs. 2.4%, p=0.008). The WBC level at diagnosis
was not different, while the CRP level at diagnosis was
significantly higher in the abscess group (p <0.001). The
time from onset to diagnosis was significantly longer in
the abscess group (p <0.001). Regarding treatment, broad-
spectrum antibiotics were significantly used in the abscess
group (84.3% vs. 20.1%, p<0.001). Two or more differ-
ent antibiotics were significantly used in the abscess group
(31.2% vs. 10.9%, p=0.002). The length of hospital stay
was significantly longer in the abscess group (p <0.001). In
the abscess group, three patients underwent percutaneous
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Table 1 The results of the univariate analyses of clinical factors between success group and failure group in the patients with acute appendicitis

who underwent conservative therapy

Failure group (n=24) Success group (n=172) Univariate
analysis P
Gender, n (male/female) 10/14 95/77 0.211
Age, median (range), years 53 (8-89) 41 (5-93) 0.240
History of appendicitis, n (%) 2(8.3) 22 (12.7) 0.877
Comorbidities
Diabetes mellitus 1@4.1) 9(5.2) 0.824
Chronic renal failure 1(4.1) 2 (1.1) 0.261
Coronary heart disease/chronic heart failure 0 9(5.2) 0.251
Stroke 3(12.5) 5(2.9) 0.026
WBC at diagnosis, median (range) (pul) 13,400 (7100-21,000) 13,200 (3800-28,900) 0.834
CRP at diagnosis, median (range) (mg/dl) 5.25(0.02-35.2) 2.48 (0.01-30.3) 0.190
Time from onset to diagnosis, median (range) (days) 1(0-17) 1(0-22) 0.562
CT findings
Presence of appendicolith, n (%) 5(20.8) 20 (11.6) 0.209
Incarceration of appendicolith (%) 5(20.8) 3(1.7) <0.001
Periappendiceal fluid, n (%) 12 (50.0) 46 (26.7) 0.019
Abscess, n (%) 7(29.1) 25 (14.5) 0.069

Pearson’s chi-square test was used to assess nominal variables, and continuous data were compared using the Mann—Whitney U test

abscess drainage, and all three patients successfully under-
went NOM (not shown in Table).

Subgroup analysis: comparison
between the recurrence group
and the nonrecurrence group (Table 4)

The male to female ratio and mean age were not different
between the groups. The number of patients with a pre-
vious history of appendicitis was significantly increased
in the recurrence group (19.3% vs. 7.0%, p=0.041). The
presence of comorbidities, including diabetes mellitus,
chronic renal failure, coronary heart disease/chronic heart
failure, and stroke, was not different between the groups.
The mean WBC and CRP levels at diagnosis were not

different. The time from onset to diagnosis was not differ-
ent. Regarding CT findings, the presence of an appendi-
colith (9.6% vs. 12.3%), incarceration of an appendicolith
(0% vs. 2.6%), presence of periappendiceal fluid (19.3 vs.
25.6%), and presence of an abscess (12.9% vs. 14.1%)
were not significantly different.

Discussion

Our study revealed that incarceration of an appendicolith
and periappendiceal fluid on CT images were independ-
ent predictors for failure of NOM, while neither the pres-
ence of an appendicolith nor abscess were predictors. In
addition, our study also revealed that a previous history of

Table 2 The results of the

univariate and multivariate No Failure Success Univar.iate Multivariate analysis P
analyses of prognostic factors n=24 =172 analysis P 0dds ratio (95% CI)
?;Sl?l‘;;a;‘;dcE’Iizgr‘iziev]gﬁﬁapy History of strokes 0.026 0.470
in the patients with appendicitis Absent 188 21 167 1
present 8 3 5 1.86 (0.34, 10.07)
Incarceration of appendicolith <0.001 <0.001
Absent 188 19 169 1
Present 8 5 3 19.85 (3.85, 102.36)
Periappendiceal fluid 0.019 0.009
Absent 138 12 126 1
Present 58 12 46 3.62 (1.37,9.59)
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Table 3 The results of the univariate analyses of clinical factors between abscess group and non-abscess group in the patients with acute appen-

dicitis who underwent conservative therapy

Abscess group (n=32) Non-abscess group (n=164) Univariate
analysis P
Gender, n (male/female) 13/19 92/72 0.108
Age, median (range), years 67 (22-90) 40 (5-93) <0.001
History of appendicitis, n (%) 2(6.2) 16 (9.7) 0.529
Comorbidities
Diabetes mellitus 3(9.3) 74.2) 0.229
Chronic renal failure 2(6.2) 1(0.6) 0.017
Coronary heart disease/chronic heart failure 2(6.2) 74.2) 0.251
Stroke 4(12.5) 424 0.008
WBC at diagnosis, median (range) (pul) 13,700 (7000-23,300) 13,200 (3800-28,900) 0.690
CRP at diagnosis, median (range) (mg/dl) 13.49 (1.54-35.2) 1.7 (0.01-28.9) <0.001
Time from onset to surgery, median (range) (days) 5(0-22) 1(0-7) <0.001
Administration of broad-spectrum antibiotics 27 (84.3) 33 (20.1) <0.001
Administration of two or more different antibiotics 10 (31.2) 18 (10.9) 0.002
Length of hospital stay 11 (5-102) 4 (2-26) <0.001

Pearson’s chi-square test was used to assess nominal variables, and continuous data were compared using the Mann—Whitney U test

appendicitis was associated with recurrence, while neither
the presence of an appendicolith nor abscess was associated

with recurrence.

Previous reports suggested some predictive factors for
failure of NOM [13-18]. Several studies suggested that the

presence of an appendicolith is one of the predictive fac-
tors for failure of NOM, especially in pediatric patients [5,

Table 4 The results of the univariate analyses of clinical factors between recurrence group and non-recurrence group in the patients who under-

went conservative therapy

Recurrence group (n=31) Non-recurrence group (n=113) Univariate
analysis P
Gender, n (male/female) 19/12 63/50 0.581
Age, median (range) (years) 46 (7-90) 42 (5-93) 0.473
History of appendicitis, n (%) 6(19.3) 8 (7.0) 0.041
Comorbidities
Diabetes mellitus 1(3.2) 54.4) 0.088
Chronic renal failure 0 2 (1.7) 0.455
Coronary heart disease/chronic heart failure 2(6.4) 6(5.3) 0.805
Stroke 0 54.4) 0.233
WBC at diagnosis, median (range) (pul) 13,700 (5200-26,200) 13,500 (4700-28,900) 0.763
CRP at diagnosis, median (range) (mg/dl) 2.55(0.01-17.9) 2.03 (0.01-29.0) 0.180
Time from onset to diagnosis, median (range) (days) 1(0-7) 1 (0-15) 0.472
Preoperative CT findings
Presence of appendicolith, n (%) 3(9.6) 14 (12.3) 0.678
Incarceration of appendicolith (%) 0 3(2.6) 0.359
Periappendiceal fluid, n (%) 6(19.3) 29 (25.6) 0.468
Abscess, n (%) 4(12.9) 16 (14.1) 0.857
Administration of broad-spectrum antibiotics 4(12.9) 54.4) 0.084
Administration of two or more different antibiotics 4(12.9) 12 (10.6) 0.720
Length of hospital stay 4 (3-26) 4 (2-102) 0.563

Pearson’s chi-square test was used to assess nominal variables, and continuous data were compared using the Mann—Whitney U test

@ Springer



982

Emergency Radiology (2021) 28:977-983

13-15]. In addition, a recent randomized trial that included
1552 adult patients demonstrated that the presence of an
appendicolith is associated with worse outcomes in patients
with appendicitis [19]. However, these studies did not dis-
tinguish patients with incarceration of an appendicolith from
those without incarceration. Our study demonstrated that
incarceration of an appendicolith was one of the independ-
ent predictors for failure of NOM, while the presence of
an appendicolith was not associated with failure of NOM.
Ishiyama et al. suggested that an appendicolith greater than
5 mm and an appendicolith at the root of the appendix on
CT images are exacerbating factors for acute appendicitis
[20]. Our study advocates that surgeons stratify patients
with appendicoliths at risk for failure of NOM, depending
on whether the appendicolith is incarcerated.

In patients with an abscess or phlegmon, operative man-
agement is often challenging, resulting in a higher incidence
of intestinal injury or the requirement for extended surgery
[21]. Previous meta-analyses revealed that, in patients with
an abscess or phlegmon, NOM yields a lower incidence of
complications compared to that in operative management
[9-12]. In our study, the presence of an abscess was associ-
ated with a relatively high failure ratio (29.1%) and required
a significantly longer hospital stay and two or more different
antibiotics; on the other hand, it was not associated with
recurrence during the study period. A previous study also
suggested the unnecessity for routine interval appendectomy
in patients with appendiceal masses after NOM due to a
lower recurrence rate [22]. However, a recent study reported
that, especially in patients older than 40 years old, patients
with abscesses showed a high rate (20%) of neoplasms [23].
Therefore, surgeons have to keep it in mind that NOM for
patients with abscesses implies a risk of overlooking appen-
diceal neoplasms, and patients with abscesses require close
observation after NOM.

To our knowledge, predictive factors for recurrence after
NOM have not been investigated in detail. Our study sug-
gested that a previous history of appendicitis was signifi-
cantly associated with recurrence. It is worth noting that,
in our study, neither the presence of an appendicolith nor
abscess was associated with recurrence. In addition, at least
seven of 20 patients with appendicoliths showed disap-
pearance of said appendicolith after NOM during the study
period. This phenomenon also supported the presence of an
appendicolith is not a contraindication to NOM.

There were some limitations associated with this study.
First, the present study was retrospective in nature and was
performed at a single center with relatively small sample
size. Second, as an entrance bias, the choice of procedure,
namely, operation or NOM, was at the patient’s discretion,
and patients who had severe pain or generalized peritonitis
were usually allocated to an operation and excluded from

@ Springer

this study. In addition, the selection of antimicrobial agents
was decided according to the surgeon’s discretion. There-
fore, strong biases that affect the objectivity of the final
statistical results might be present. Third, the number of
patients with an appendicolith or abscess was small in our
study. Furthermore, two readers obtained CT findings via a
consensus read. It was desirable to perform measurement
by several readers independently. Further study is needed to
validate our results.
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