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ABSTRACT

KEY WORDS:

Background: Acute appendicitis (AA) is a medical emergency.
The standard of care for AA had been surgical appendectomy.
Recently, non-operative management (NOM) has been consid-
ered, mainly for uncomplicated AA.
Objectives: To evaluate AA NOM trends over two decades.
Methods: We conducted a retrospective cohort study based
on Israel’s National Hospital Discharges Database (NHDD). In-
clusion criteria were AA admissions from 1 January 2000 to
31 December 2019, with either primary discharged diagnosis
of AA, or principal procedure of appendectomy. Predefined
groups were children (5 <18 years) and adults (= 18 years).
We compared the last decade (2010-2019) with the previous
one (2000-2009).
Results: The overall AA incidence rate over two decades was
126/100,000/year; higher in children 164/100,000/year than
113/100,000/year in adults. Surgery was the predominant
AA treatment in 91.9%; 93.7% in children and 91.1% in adults.
There was an increase in AA NOM rates when comparing the
previous decade (5.6%) to the past decade (10.2%); 3.2% vs.
9.1% in children and 6.8% vs. 10.7% in adults, respectively. An-
nual trends revealed a mild increase in AA NOM rates. Delayed
appendectomy (within 90 days of AA NOM) was 19.7% overall;
17.3% in adults and 26.3% in children.
Conclusions: There was an increase in AA NOM rates during
the last decade in the overall population. Since 2015, there has
been a noticeable increase in AA NOM rates, probably asso-
ciated with World Society of Emergency Surgery Jerusalem
guidelines. Surgery is still the predominant treatment for AA
despite the increasing trend in NOM.
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Acute appendicitis (AA) is one of the most common surgical
emergencies. AA incidence rates differ by country and by
age group. Lifetime risk of AAis | in 15 in the United States [1].

Until 2010, standard of care for AA was predominantly surgi-
cal appendectomy, which has a complication rate ranging from
5-28% depending on AA severity and the surgical technique ac-
cording to different studies [2,3]. Systematic reviews comparing
open vs. laparoscopic appendectomy have shown that the lapa-
roscopic approach is associated with reduced wound infections
and a lower rate of bowel obstruction [4,5].

A false positive diagnosis of AA is defined as white appendix
(normal histopathology) ranging 6-20%, which decreased when
diagnosis was supported by imaging [6,7]. It was commonly be-
lieved that the risk of complicated appendicitis is higher than
the risk of appendectomy, justifying surgery even at the risk of
white appendicitis. This dogma has been recently challenged.
The introduction of imaging to the diagnosis of AA increased
its accuracy [8].

In last decades, there was an increasing trend of non-opera-
tive management (AA NOM) [9,10]. AA NOM is based on anti-
biotic therapy, which became a common alternative in children
and has been shown to be safe and effective compared to surgi-
cal treatment [ 11-18]. There were debates regarding AA NOM in
adults given the high rate of complicated acute appendicitis [19].

During the 3rd World Congress of the World Society of
Emergency Surgery (WSES), held in Jerusalem in July 2015,
a consensus policy document was introduced that also legiti-
mized the option of non-operative treatment for uncomplicated
appendicitis [20].

Several research initiations had evaluated AA NOM, such as
the Comparison of the Outcomes of antibiotic Drugs and Ap-
pendectomy (CODA) initiative, which showed that AA NOM
was not inferior to surgical management. This initiative also
found that nearly 30% of the AA NOM patients underwent ap-
pendectomy within 90 days of the initial AA NOM event. [21]

The aim of this study was to evaluate the trends of adoption
of AANOM in the Israeli population over two decades.
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PATIENTS AND METHODS

We conducted a retrospective cohort study based on Israel’s Na-
tional Hospital Discharges Database (NHDD). NHDD is compul-
sory reporting system of structured data on hospitalization from
all acute care hospitals. Discharge diagnoses are coded according
to the international classifications of diseases (ICD-9CM) by pro-
fessional medical informatics personnel at each hospital.

Inclusion criteria included acute hospital admissions of ages 5
years and older from 1 January 2000 to 31 December 2019 with
a diagnosis of AA, which was defined as acute admission with ei-
ther coded primary diagnosis of AA or coded principal procedure
of appendectomy. AA NOM was identified when the coded prima-
ry diagnosis of AA lacked a coded procedure of appendectomy.

Exclusions criteria included delayed appendectomy within
90 days that was not considered as a new AA event but rather a
delayed appendectomy following previous AA NOM.

DEFINITIONS

We included patients 5 years of age or older. For the purpose
of this study, children were 5 years < 18 years, adults were >
18 years of age. AA was defined as coded discharge diagno-
sis limited to codes 540*: acute appendicitis (540), acute ap-
pendicitis with generalized peritonitis, acute appendicitis with
peritoneal abscess (540.1), and acute appendicitis without men-
tion of peritonitis (540.9). We did not include coded diagno-
ses of appendicitis that were unlikely to be acute appendicitis,
including appendicitis, unqualified (541), and other appendici-
tis (542). Accordingly, the surgical procedures were limited to
codes 47.0*: appendectomy (47.0), laparoscopic appendectomy
(47.01), other appendectomy (47.09). We did not include coded
surgical procedures that were unlikely due to acute appendicitis,
namely incidental appendectomy (47.1), laparoscopic incidental
appendectomy (47.11), other incidental appendectomy (47.19),
drainage of appendiceal abscess (47.2), other operations on ap-
pendix (47.9), appendicostomy (47.91), closure of appendiceal
fistula (47.92), and other operations on appendix (47.99).,

The retrieved data were anonymized but contained patient
demographics, admission date, admission type, coded diagnosis
and procedures performed, and discharge date and type. AA in-
cidence rate was computed as AA cases per 100,000/year of the
respective population in each individual year. AA incidence rate
of each decade was computed as the overall sum of AA cases
during the respective period divided by the sum of the annual
mid-year population size during the respective period. AA annu-
al incidence rates trended over 20 years were evaluated through
linear regression model.

The research focused on AA NOM rate trends during 2000
2019. Individual year AA NOM rate was defined as the annu-
al number of AA NOM cases divided by the annual AA cases.
The AA NOM rate ratio (RR) was defined by the NOM rate in

the last decade (2010-2019), divided by the NOM rate in the
previous decade (2000-2009). Delayed appendectomy rate was
defined as appendectomy within 90 days of the initial AA NOM.

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences statistics software, version 25
(SPSS, IBM Corp, Armonk, NY, USA). Differences in inci-
dence rate were determined using Fisher's exact test. P < 0.05
was considered statistically significant.

RESULTS

The overall AA incidence rate over two decades was 126/100,000
year. AA incidence rate in children was higher (164/100,000
year) then in adults (113/100,000 year).

Table 1 describes the AA NOM rates in the last decade
(2010-2019) compared to the previous decade (2000-2009).
Surgery was the predominant treatment during the entire peri-
od. There was a higher AA NOM rate in the last decade vs. the
previous decade with an AA NOM rate ratio (RR) of 1.8 in the
overall population, 1.6 in adults, and 2.8 in children.

The overall rate of delayed appendectomy within 90 days of
the initial AA NOM was 19.7% over the two decades: 26.3% in
children and 17.3% in adults.

Table 1. Non-operative management rate of acute appendicitis
by decade and age group

Non-operative ~ Non-operative Non-operative
management management rate management
rate the entire  previous decade rate last decade

period (2000-2009)  (2010-2019)
Al 8.1% 5.6% 10.2%
f;‘"l‘gsyears) 8.9% 6.8% 10.7%
?5hi<ldlr8e'\‘(ears] 6.3% 3.2% 9.1%

Figure 1 shows the annual trend of AA incidence rate per
100,000/years of the respective population (upper curve, left
axis) and the respective annual rate of AA NOM rate for the an-
nual AA cases during the 20 years (lower curve, right axis). The
upper curve shows a stable, although fluctuant AA incidence
rate. The lower curve shows a consistent mild increase of AA
NOM rates until 2015, at which time there was a considerable
increase, reaching a maximum of nearly 19% in 2019.

Figure 2A shows the annual trend of AA incidence rates per
100,000/years of the adult population (upper curve, left axis)
and the respective annual rate of AA NOM rate out of the an-
nual adults AA cases during the 20 years (lower curve, right
axis). The upper curve shows a stable, although fluctuant AA in-
cidence rate. The lower curve shows a consistent mild increase
of AA NOM rates until 2014-2015, at which time there was a
noticeable increase reaching a maximum of 17.1% in 2018.
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Figure 1. Trend of acute appendicitis incidence rates and the respective
rate of non-operative management by year of the entire population
AA = acute appendicitis, NOM = non-operative management
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Figure 2. Annual rate of acute appendicitis in adults and children and
the annual rate of non-operative management
AA = acute appendicitis, NOM = non-operative management
[A] Adults
e
-
3
s
B
S - B
8 z
g i —— = 9
BE N T T3
= 0 20 a
g = o 3
0w =
g v °. 3
g S % E
o 2 3
[ - -
c = o ° g
o 5 0\e~ O—o-
£ e g o TS0 o
<
< 3 “
Year
—=— AAincidence rate = —e— Rate of AA NOM

[B] Children
o 2 ©
s .
b=t 3
25 = . . \ |
- -~
gl R—— -
(=T >
Q
S - B
8 oz
2 4 /.3
3 o
g H
[ / a
g 2
g . &

5
g o o 00 o”
5 5 %=e ,e0 0= ° o

° o%
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 200 201 2012 2013 2084 205 2016 2017 2018 2019

Year

—=— AAincidence rate —e— Rate of AA NOM

Figure 2B shows the annual trend of AA incidence rates per
100,000/years of the respective population of children (upper
curve, left axis) and the respective annual rate of AA NOM rate
during the 20 years (lower curve, right axis). The upper curve
shows very fluctuant and very mild increased A A incidence rate.
The lower curve shows a consistently mild increase of AANOM
rates until 2015, after which there was a considerable monoto-
nous increase reaching a maximum of nearly 25% in 2019.

Figure 3 shows the annual delayed appendectomy rates with-
in 90 days of an AA NOM. The upper curve shows delayed ap-
pendectomy rates in children, which shows a fluctuant convert-
ed U shape that ranged 18-43%. However, while AA NOM rate
increased toward a maximum of nearly 25% [Figure 2] delayed
appendectomy rates decreased. The lower curve shows relative-
ly stable though fluctuant delayed appendectomy rate in adults
ranged between 13-22%.

Figure 3. Rate of delayed appendectomy (within 90 days of AA NOM) by
age group and year
AA = acute appendicitis, NOM = non-operative management
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DISCUSSION

The average annual incidence of AA according to our research
is slightly higher than the reported literature. The annual AA
incidence rates fluctuated but remained stable over the 20 years.
Similar trends were reported by Western countries [22]. The
overall AA incidence rate in children was higher than in adults
during the two decades and showed very mild increases over
time. Past researchers found that individuals between the ages
of 10 years and 19 years were at the higher risk for AA [23].
There was a consistently mild increase in AA NOM rates un-
til 2014-2015, after which the increases became more noticeable
in the overall population. The AA NOM rate of adults was 17%
in 2018. Children showed a more considerable increase in AA
NOM from 2015, reaching maximal rate of nearly 25% in 2019.
Our results showed an increase in the nationwide adoption of
AANOM starting in 2015 when the WSES Jerusalem consensus
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guidelines were introduced. Evidence-based studies, such as the
CODA initiative, showed non-inferiority of AA NOM compared
with surgery [21]. Our results showed that surgery for AA was
still the predominant management option, despite the increasing
trend in AA NOM. The paradigm shift seems to be to delay in
adults, compared to children, due to either being treated more
cautiously or manifesting with higher rate of complicated AA.

The same study revealed that 30% of the AA NOM population
had undergone delayed appendectomy (within 90 days) [21].

Unlike previous studies, our results showed a lower rate
of delayed appendectomy in the overall AA NOM of 19.7%;
26.3% in children and 19.7% in adults. However, when exam-
ining annual rates of delayed appendectomy [Figure 3] there
were fluctuations not necessarily associated with AA NOM rate.
While AA NOM rates have increased considerably [Figure 2]
since 2016-2019, delayed appendectomy rates have decreased.
This result may reflect learning curves and experience. We as-
sume that different hospitals had different adoption rates and
cumulative experience.

Existing registries and databases are excellent sources to
reveal epidemiological insights that are underutilized. Never-
theless, registries have several limitations. The data collected
from different hospitals may be prone to different degrees of
imprecision. A significant drawback of being based on admin-
istrative rather than clinical data is that the reason for AA NOM
could not be defined and may have been due to specific condi-
tions such as periappendicular abscess. Moreover, there were
no data available on the time elapsed from the beginning of the
symptoms to diagnosis. The wide use of preoperative imaging
may have contributed to higher rates of accurate diagnosis of
periappendicular abscess, which may explain part of the in-
crease in non-operative management. It might be that the fac-
tual reason for the slow adoption of the NOM paradigm shift is
that a considerable number of patients arrive at the emergency
department with complicated AA rather that with simple un-
complicated AA. Unfortunately, these data are unavailable from
administrative coded data.

Coded data may be biased as the precision of a retrospective
study depends on the accuracy of the underlying data. While
acute appendicitis enables a definite validation by surgery, in
AA NOM validation is less definite.

The study strength is that the data source was a comprehen-
sive registry of the Ministry of Health over two decades. Reli-
ability is strong as this nationwide database was established on
controlled and supervised reports of all general hospitals to the
Ministry of Health, rather than a single medical center.

AA remains a considerable morbidity in both adults and chil-
dren. According to the literature, simple non-complicated AA can
be managed non-operatively, which is not inferior to surgery in
both children and adults. AA NOM is considered a paradigm shift
in emergency surgery, yet despite the increasing trend of AANOM,
appendectomy is still the predominant AA management strategy.

According to the literature, 30% of AA NOM will undergo
delayed appendectomy (within 90 days); however, our results
were considerably lower in the overall period (19.7%). The an-
nual rates of delayed appendectomy fluctuation reached annual
rates of over 40% in children and then decreased considerably to
19%. During the years 20162019 adoption rates of AA NOM
increased considerably while delayed appendectomy rates de-
creased. These findings exclude direct association between
rate of adoption of AA NOM and delayed appendectomy rate.
Hence, the fluctuations in delayed appendectomy rate are most
probably due to learning and experiencing curves.

CONCLUSIONS

We encourage the Ministry of Health to initiate quality indica-
tors related to AA NOM rates in pediatric surgery wards. We
encourage the Israeli Surgical Association to evaluate the under-
ling obstacles to adoption of AA NOM in adults.
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Sarcoma genes in the limelight

Sarcomas are cancers of muscles, bones, and other
connective tissues that tend to develop in younger patients
and are often aggressive and difficult to treat. Because of
their relative rarity, the biology of sarcomas is not nearly
as well understood as that of more common cancers. In a
massive, multinational genomic study involving thousands

Unlinked recognition in alloreactivity?

Some individuals who receive blood transfusions develop
alloantibodies against donor red blood cells (RBCs) for
reasons that are not entirely clear. B cells are typically
activated by CD4+ T cells that recognize the same antigen,
but not necessarily the same structures or epitopes on that
antigen, in a process called linked recognition. Jajosky and
colleagues used a model for human blood transfusion and
found that linked recognition may not be the whole story.
Green fluorescent protein (GFP) was given as an alloantigen

Activating the STING in tumors

Agents that activate the DNA-sensing cGAS-STING pathway
have been explored for cancer immunotherapy in both
preclinical and clinical settings, but how to optimally activate
the pathway remains unclear. Jneid and colleagues found
that incorporation of the naturally occurring STING ligand
cyclic guanosine monophosphate-adenosine monophosphate
(cGAMP) into noninfectious enveloped viruslike particles
(VLPs)selectively activated STING in antigen-presenting cells,
including dendritic cells, when administered intratumorally.

20.

21.

22.

23.

for non-perforated acute appendicitis. Br J Surg 2016; 103 (6): 656-67.

. Rub R, Margel D, Soffer D, Kluger Y. Appendicitis in the elderly: what has

changed? IMAJ 2000; 2 (3): 220-3.

Di Saverio S, Birindelli A, Kelly MD, et al. WSES Jerusalem guidelines for
diagnosis and treatment of acute appendicitis. World ] Emerg Surg 2016; 11: 34.
CODA Collaborative, Flum DR, Davidson GH, Monsell SE, Shapiro NI, Odom

SR, et al. A randomized trial comparing antibiotics with appendectomy for
appendicitis. N Engl ] Med 2020; 383 (20): 1907-19.

Ferris M, Quan S, Kaplan BS, et al. The global incidence of appendicitis: a
systematic review of population-based studies. Ann Surg 2017; 266 (2): 237-41.

Buckius MT, McGrath B, Monk J, Grim R, Bell T, Ahuja V. Changing epidemiology
of acute appendicitis in the United States: study period 1993-2008. ] Surg Res
20125175 (2): 185-90.

of patients, their families, and controls, Ballinger and
associates identified distinct biological pathways where
mutations increase the inherited risk for developing sarcoma
through alterations of telomere biology and mitotic function.
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mice, which then received transfusions of RBCs that

expressed both intracellular GFP and another unrelated
surface alloantigen. These mice subsequently developed
antibody responses against the unrelated surface antigen,
suggesting that previous priming events against intracellular
antigens that are not physically linked to B cell target antigens
may enhance naive B cell responses to their targets.
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Compared with a nontargeted synthetic STING agonist,
VLPs delivering cGAMP systemically enhanced tumor-
specific T cell responses and antitumor effects during immune
checkpoint blockade in mice. These results demonstrate that
selectively targeting STING agonists to antigen-presenting
cells may improve their therapeutic effects, particularly in
poorly immunogenic tumors.
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