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Abstract
Aim: Appendicitis is divided into two categories: complicated appendicitis (CA) and 
uncomplicated appendicitis (UA). In pediatric patients with CA, the use of interval ap-
pendectomy (IA), which is non-operative management followed by elective surgery, 
has decreased the number of postoperative complications. Before discussing the 
merit of IA for adult patients, we need to clarify whether the frequency and serious-
ness of the complication rate after emergency surgery is higher for CA than for UA.
Methods: This retrospective cohort study included adult patients who underwent 
appendectomy and who were registered in the National Clinical Database (NCD) 
from 2014 to 2016. Patients with CA who underwent emergency appendectomy 
comprised the CA group. Patients with UA comprised the UA group. Patients with 
chronic or recurrent appendicitis who underwent elective appendectomy comprised 
the elective appendectomy (EA) group. Primary outcomes were all morbidity, serious 
morbidity, and mortality within 30 days after appendectomy.
Results: We included 109 256 patients in the study: 14 798 CA, 86 876 UA, and 7582 
EA patients. Compared with the UA group, the rates of all morbidity, serious morbid-
ity, and mortality were significantly higher in the CA group. All morbidity, serious 
morbidity, and mortality rates were significantly lower in the EA group than in the 
other two groups.
Conclusions: We confirmed that emergency surgery for CA places the patient at rela-
tively higher risk. We also showed that the risk associated with EA is significantly 
lower than that for the other methods.
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1  | INTRODUC TION

Acute appendicitis is one of the most common causes of an acute 
abdomen and is

the disease that most commonly requires surgery. Emergency 
appendectomy has been the standard of care for treating acute 
appendicitis. Nevertheless, as early as 1946 it was recognized that 
non-operative management (antibiotics) can sometimes be used 
to successfully treat appendicitis.1 Recently, appendicitis has been 
divided into two categories: complicated appendicitis (CA), which 
indicates the presence of a peritoneal abscess, and uncomplicated 
appendicitis (UA), which does not have a peritoneal abscess. In 
pediatric patients with CA, the use of interval appendectomy (IA), 
which is non-operative management followed by elective surgery, 
has decreased the number of postoperative complications.2 Unlike 
appendicitis with pan-peritonitis, which necessitates emergency 
surgery, non-operative management that includes computed tomog-
raphy-guided drainage is acceptable for treating CA because its suc-
cess rate is high.

There have been warnings raised, however, against the use of 
non-operative management and IA for CA. In one study, post-inter-
vention peritonitis was significantly more frequent in the non-oper-
ative management group than in the emergency surgery group.3 In 
another, the complication-free rate was higher for emergency sur-
gery of CA than that for non-operative management.4 In addition, 
approximately 30% of the patients underwent surgery within 1 year 
after successful non-operative management.3,5 The most common 
objection to IA has been that it is unnecessary because the morbid-
ity rate following emergency surgery for CA was within an accept-
able range.6,7,8

Before discussing the merit of IA, we need to clarify whether 
the frequency and seriousness of the complication rate after 
emergency surgery is higher for CA than for UA. If the outcome of 
emergency surgery for CA is equal to that for UA, the usefulness 
of carrying out IA is limited. If the outcome of emergency surgery 
for CA is not acceptable, we must develop a better treatment, in-
cluding IA.

We therefore compared morbidity and mortality rates associated 
with emergency surgery for CA versus those for UA and elective 
surgery, obtaining the data from a Japanese nationwide database 
(National Clinical Database; NCD).

2  | METHODS

2.1 | National Clinical Database

The NCD in Japan, initiated in 2011, was developed in collaboration 
with the American College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP) in the USA with a shared goal 
of creating a standardized surgery database for quality improve-
ment. The NCD and the ACS NSQIP have developed systems using 
standardized definitions of variables to collect data relating to risk 

factors and outcomes. The NCD is a nationwide web-based data-en-
try system which is linked to the surgical board certification system 
in Japan. Patient data are registered only in the NCD system (http://
www.ncd.or.jp/), which is operated by the Japan Surgical Society. 
The NCD now covers more than 97% of all surgical procedures in 
Japan. Currently, 1 200 000 patients who undergo surgery annually 
are registered from approximately 5000 institutions.9

2.2 | Study design

This retrospective cohort study included adult patients 
(aged ≥ 18 years) who underwent appendectomy and who were 
registered in the NCD from 1 January, 2014 to 31 December, 2016. 
The clinical data and surgical outcome for this study were obtained 
from the NCD. Use of data from the registry for retrospective ob-
servational studies was approved by the institutional review board 
of the Japanese Society for Abdominal Emergency Medicine and 
the institutional review board of Nippon Medical School. This study 
was supported by a grant from the Japanese Society for Abdominal 
Emergency Medicine.

Patients who met the criteria of K35.1 (acute appendicitis with 
peritoneal abscess) of the World Health Organization’s International 
Statistical Classification of Diseases and Related Health Problems, 
10th revision and underwent emergency appendectomy for CA 
comprised the CA group. Patients who met the criteria of K35.9 
(acute appendicitis without generalized peritonitis, perforation, peri-
toneal abscess, or rupture) appendectomy comprised the UA group. 
Patients who met the criteria of K36 (other [chronic, recurrent] 
appendicitis) and underwent elective appendectomy comprised 
the elective appendectomy (EA) group. We excluded patients who 
met the criteria of K36 and underwent emergency appendectomy, 
and patients who met the criteria of K35.1 and underwent elective 
appendectomy.

Primary outcomes were all morbidity, moderate morbidity, 
serious morbidity, and mortality within 30 days after appendec-
tomy. Secondary outcomes included hospital length of stay (LOS), 
rate of readmission within 30 days after surgery, and laparoscopic 
surgery rate. Overall morbidity was defined as having documenta-
tion of a Clavien-Dindo grade ≥ I complication, moderate morbid-
ity as grade ≥ II and serious morbidity as grade ≥ III. Clavien-Dindo 
grades10 are shown in Table 1.

2.3 | Statistical analysis

Age, operation duration, blood loss, and LOS were analyzed using 
the Kruskal-Wallis method. Gender, surgical method (laparoscopic or 
open surgery), American Society for Anesthesiologists (ASA) physi-
cal status classification, morbidity, mortality, and 30-day readmis-
sion were analyzed using the χ2 test. All statistical analyses were 
carried out using R software. (version 3.5.0, 2018; R Foundation for 
Statistical Computing, Vienna, Austria).

http://www.ncd.or.jp/
http://www.ncd.or.jp/
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3  | RESULTS

3.1 | Patients

Between 2014 and 2016, 164 292 patients who underwent ap-
pendectomy were registered in the NCD. Patients <18 years 
(n = 25 757), without inclusion criteria (n = 29 138), or without suf-
ficient data (n = 141) were excluded, leaving 109 256 patients in 
the study: 14 798 CA, 86 876 UA, and 7582 EA patients (Figure 1). 
Median age, proportion of men, and proportion of ASA 3 or 4 were 
higher in the CA group than in the UA and EA groups. The open 

surgery rate was significantly higher in the CA group (45.5%) than in 
the UA (36.0%) and EA (12.3%) groups (Table 2).

3.2 | Surgical outcome, mortality, complications

Operative duration was longer for the CA group than for the UA and 
EA groups, and blood loss was greater in the CA group than in the 
UA and EA groups. LOS was longer in the CA group than in the UA 
and EA groups. Among all patients, 9615 (8.8%) experienced morbid-
ity, and 46 (0.04%) died. Rates of all morbidity, moderate morbidity, 
serious morbidity, readmissions, and mortality in the CA group were 
significantly higher than in the other two groups. All morbidity, se-
rious morbidity, readmission, and mortality rate were significantly 
lower in the EA group than in the other two groups.

4  | DISCUSSION

This nationwide database analysis, which included 109 256 pa-
tients with appendicitis, examined the incidence of 30-day overall 
morbidity, serious morbidity, and mortality after appendectomy 
by emergency surgery for CA and UA and elective surgery for ap-
pendicitis at NCD-participating hospitals. This analysis confirmed 
that, although patients undergoing appendectomy for acute ap-
pendicitis represent a relatively low-risk population, significantly 
greater risk is associated with emergency surgery for CA. It has 
been believed that delay in surgical removal of a diseased appen-
dix can result in a poor outcome and that emergency appendec-
tomy is safe. Thus, emergency appendectomy is the gold standard 
for treating both UA and CA. The results of the present study, 
however, raise serious questions about the safety of an emergency 

TA B L E  1   Clavien-Dindo grades

Grade

I Any deviation from the normal postoperative course 
without the need for pharmacological treatment or 
surgical, endoscopic, and radiological interventions.

Allowed therapeutic regimens are as follows: drugs 
as antiemetics, antipyretics, analgesics, diuretics, 
electrolytes, and physiotherapy.

This grade also includes wound infections opened at the 
bedside

II Requiring pharmacological treatment with drugs other 
than those allowed for grade I complications.

Blood transfusions and total parenteral nutrition are 
also included.

III Requiring surgical, endoscopic or radiological 
intervention

IV Life-threatening complications (including CNS 
complications) requiring intermediate care/intensive 
care unit management

V Death of a patient

Abbreviation: CNS, central nervous system.

F I G U R E  1   Flow diagram. Between 
2014 and 2016, 164 292 patients 
who underwent appendectomy were 
registered in the National Clinical 
Database (NCD). Patients <18 y 
(n = 25 757), without inclusion criteria 
(n = 29 138), or without sufficient data 
(n = 141) were excluded, leaving 109 256 
patients in the study: 14 798 complicated 
appendicitis (CA), 86 876 uncomplicated 
appendicitis (UA), and 7582 patients with 
elective appendectomy (EA)
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appendectomy for CA in terms of morbidity and mortality. The 
same results were reported in a large-cohort, prospective study11 
and in another, nationwide study.12,13 The authors of those studies 
concluded that the ideal treatment for CA may be different from 
that for UA.

Using our latest nationwide database, we confirmed that emer-
gency surgery for CA poses a greater risk than that of UA. Several 
studies based on nationwide databases reported that the mortality 
rates associated with appendectomy range from 0.04% to 0.24%12-

22 (Table 3), similar to our results for the UA patients. The mortality 
rate for CA patients in the present study (0.13%), which was lower 
than that for CA patients in a nationwide study in the USA (0.18%–
0.30%),12,13 was significantly higher than that for the UA and EA pa-
tients. Nationwide studies in the USA and Finland reported that CA 
places patients at risk of death.12,13,18 Considering that the present 
study did not include appendicitis associated with peritonitis, the 
high mortality rate associated with CA must be verified.

Because of its morbidity, the safety of emergency surgery for CA 
is also open to question. The incidence of all morbidity was 19.9% 
and that of serious morbidity for CA patients was 3.0%. The overall 
morbidity rates for CA patients were reported at 14.0% in the ACS 
NSQIP database and 22.71% in the National (Nationwide) Inpatient 
Sample database. In the MUSTANG study, the morbidity rate for UA 
was 5% and that for perforated appendicitis was 32%. Moreover, 

secondary interventions were needed for 1% of UA patients and 
for 6% of CA patients.11 A Polish and German multi-center study 
also showed that CA is a risk factor for serious morbidity (Clavien-
Dindo grades III-IV.23 The incidence of grade ≥ II morbidity after CA 
was threefold higher than that after UA, fivefold higher than that 
after EA, and nearly equal to the incidence after distal gastrectomy 
(11.5%)24 or right hemicolectomy (13.3%)25 reported by the NCD. 
Notably, the all-morbidity and serious-morbidity rates were much 
lower in EA patients than in UA and CA patients. These facts indi-
cate that CA may need a strategy different from that used for UA to 
decrease mortality and morbidity.

Open surgery was carried out in 45% of the CA patients, 
which is a significantly higher rate than that for UA or EA patients. 
Recent studies show that laparoscopic appendectomy provides 
considerable benefits over open appendectomy, including a lower 
morbidity rate,26-28 a shorter LOS,27-29 a lower rate of small bowel 
obstruction,30 less postoperative pain,27,28 and earlier postopera-
tive recovery.28,29 These facts indicate problems with the use of 
emergency surgery for CA. The longer operative duration is also a 
negative factor for choosing emergency surgery for patients with 
CA.

Although it is generally assumed that untreated appendicitis 
eventually perforates, epidemiological differences between CA and 
UA in the present and other reported studies indicated that CA and 

TA B L E  2   Patients’ background and surgical outcomes

Complicated appendicitis (CA)
N = 14 798

Uncomplicated appendicitis (UA)
N = 86 876

Elective appendectomy (EA)
N = 7582

P
value

Patients’ background

Age, y (median [IQR]) 52 [38, 68] 41 [29, 57] 45 [32, 62] <.001

Male (%) 8792 (59.4) 48 280 (55.6) 3741 (49.3) <.001

ASA 1 (%) 7860 (53.1) 56 288 (64.8) 4888 (64.5) <.001

ASA 2 (%) 5951 (40.2) 27 737 (31.9) 2478 (32.7)

ASA 3 (%) 933 (6.3) 2701 (3.1) 212 (2.8)

ASA 4 (%) 47 (0.3) 109 (0.1) 1 (0.0)

ASA 5 (%) 7 (0.05) 41 (0.05) 3 (0.04)

Surgical outcome

Laparoscopic (%) 8067 (54.5) 55 607 (64.0) 6647 (87.7) <.001

Surgical time (min) 
(median [IQR])

77 [57, 105] 60 [44, 81] 62 [45, 90] <.001

Blood loss (mL) 
(median [IQR])

10 [1, 42] 5 [0, 10] 2 [0, 5] <.001

LOS (day)
(median [IQR])

9.00 [6.00, 12.00] 6.00 [4.00, 8.00] 6.00 [5.99, 7.00] <.001

Morbidity

≥C-D Grade I (%) 2938 (19.9) 6322 (7.3) 355 (4.7) <.001

≥C-D Grade II (%) 1584 (10.7) 2998 (3.5) 150 (2.0) <.001

≥C-D Grade III (%) 448 (3.0) 702 (0.8) 33 (0.4) <.001

Readmission (%) 344 (2.3) 978 (1.1) 56 (0.7) <.001

Mortality (%) 19 (0.13) 25 (0.04) 2 (0.03) <.001

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; C-D, Clavien-Dindo classification; IQR, interquartile range; 
LOS, hospital length of stay.
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UA may present with different states of appendicitis. In the pres-
ent study, CA patients were older and at a higher ASA class than 
the UA patients, as has been reported in other large studies,11,31 a 
nationwide study,32 and a meta-analysis.33 In the MUSTANG study, 
the prevalence of risk factors and the cigarette smoking rate were 
significantly higher in CA patients than in UA patients.10 In a study 
based on the National Hospital Discharge Survey, Livingston re-
ported that the number of CA patients per 10 000 population in-
creased with time over the period of the study, whereas that of UA 
patients decreased, with the lowest portion of the curve at the mid-
1990s followed by an increasing trend.34

Non-operative management for CA followed by appendectomy 
(IA) may be a promising treatment strategy. In the present study, the 
short-term outcomes of elective surgery were superior to those of 
UA patients. Two meta-analyses favored non-operative to surgical 
management for CA because it was associated with a decrease in the 
complication and reoperation rates.35,36 A 2017 Cochrane analysis, 
however, found no strong evidence in favor of non-operative manage-
ment that included IA over immediate appendectomy in CA patients.37 
No large study showed a complication rate of IA. One systemic review, 
including 543 patients who underwent interval appendectomy for CA, 
reported that the morbidity rate is 10.4%38. This rate is considerably 
higher than the morbidity rate of EA in the present study, but it is lower 
than that of CA in the present study. One retrospective study showed 
that the morbidity rate was 5.7% (6/106)39, which is almost the same 
as our result of EA. Only a large, randomized, controlled study can 
resolve this complex and important clinical question.

This study had several limitations that must be addressed in 
future studies. First, variables not collected by the NCD could not 
be analyzed. For example, the NCD does not collect laboratory 
data or the use of antibiotics intraoperatively, postoperatively, and 
post-discharge. Preoperative management of patients—including 
the selection and timing of antibiotic administration and whether 
non-operative management was first attempted—is also unavailable 
for study. Use of oral antibiotics following discharge may decrease 
organ-space infections in patients with CA.40 Second, the defini-
tion of CA in the present study is not strict because of the study’s 
retrospective design. The presence of a visible hole, diffuse fibrino-
purulent exudate, intra-abdominal abscess, and/or an extraluminal 
fecalith have been independently associated with markedly worse 
outcomes,41 but there is no unified definition of CA. The incidence 
of CA in the present study (14.6%) is similar to that reported in a 
large-cohort study from Washington State (15.8%). Third, the EA 
group included not only CA patients treated with IA but patients 
with chronic appendicitis not treated with antibiotics preoperatively. 
Surgical outcomes of IA, however, may not differ from those of sur-
gery for chronic appendicitis. Additionally, the incidence of chronic 
appendicitis is relatively low. Fourth, the EA group did not include 
patients with CA who underwent attempted IA but ultimately had 
emergency surgery because non-operative management failed. 
Finally, we did not adjust for age or comorbidities because CA is gen-
erally found in older individuals, who have more comorbidities than 
those with UA.11TA
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In conclusion, using high-quality, audited, clinical data, we com-
pared the 30-day outcomes of CA, UA, and EA patients. We have 
confirmed that CA places the patient at relatively high risk, a finding 
similar to those reported in both a large-cohort study and in a nation-
wide study. We also showed that the risk associated with EA is sig-
nificantly lower than for any of the other choices. It is worth noting 
that the NCD data in this study were similar to those from the ACS 
NSQIP11 and the National (Nationwide) Inpatient Sample.12 Stratifying 
management based on the UA/CA status of the patient can improve 
appendicitis treatment outcomes, although many patients continue to 
have an equivocal diagnosis, which remains a challenging dilemma.
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