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Purpose: The preoperative diagnosis of acute appendicitis is often challenging. Sometimes, pathologic results of the ap-
pendix embarrass or confuse surgeons. Therefore, more and more imaging studies are being performed to increase the 
accuracy of appendicitis diagnoses preoperatively. However, data on the effect of this increase in preoperative imaging 
studies on diagnostic accuracy are limited. We performed this study to explore unexpected appendiceal pathologies and 
to delineate the role of preoperative imaging studies in the diagnosis of acute appendicitis.
Methods: The medical records of 4,673 patients who underwent an appendectomy for assumed appendicitis between 1997 
and 2012 were reviewed retrospectively. Pathological results and preoperative imaging studies were surveyed, and the fre-
quencies of pathological results and preoperative imaging studies were investigated. 
Results: The overall rate of pathology compatible with acute appendicitis was 84.4%. Unexpected pathological findings, 
such as normal histology, specific inflammations other than acute appendicitis, neoplastic lesions, and other pathologies, 
comprised 9.6%, 3.3%, 1.2%, and 1.5%, respectively. The rate of unexpected pathological results was significantly reduced 
because of the increase in preoperative imaging studies. The decrease in normal appendices contributed the most to the 
reduction while other unexpected pathologies did not change significantly despite the increased use of imaging studies. 
This decrease in normal appendices was significant in both male and female patients under the age of 60 years, but the 
differences in females were more prominent. 
Conclusion: Unexpected appendiceal pathologies comprised 15.6% of the cases. Preoperative imaging studies reduced 
them by decreasing the negative appendectomy rate of patients with normal appendices.
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INTRODUCTION

Acute appendicitis is one of the most common emergency surger-
ies; however, the preoperative diagnosis of acute appendicitis is 

frequently challenging [1, 2] and the negative appendectomy rate 
has not changed for decades [3]. In addition, the pathogenesis of 
acute appendicitis has been the subject of debate. The convention-
ally accepted pathogenesis—obstruction of the appendiceal lu-
men causes bacterial growth, induces progressive inflammation, 
and results in perforation—has been criticized for its limited clini-
cal relevance [4, 5]. Some reports on the differences in the early 
courses between perforated and nonperforated appendicitis have 
suggested that the conventionally accepted mechanism should be 
revised [6, 7]. 

The pathological results of an appendectomy in patients with 
right lower quadrant abdominal pain and imaging findings sug-
gesting acute appendicitis can show various pathologies and even 
appendiceal tumors in about 3% of the appendectomy specimens 
[8]. These indicate that surgeons should be not only qualified in 
the accurate preoperative diagnosis of acute appendicitis but also 
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aware of all appendix-related diseases and the postoperative care 
for those diseases after emergent appendectomy. 

Unexpected appendiceal pathological results after appendecto-
mies in patients with suspected acute appendicitis are not rare. 
These cases may require additional postoperative therapies, dis-
turb the positive rapport between surgeons and patients, and cre-
ate medico-legal problems [8]. Thus, surgeons are relying on im-
aging studies for more and more cases to increase the diagnostic 
accuracy preoperatively [2, 8]. However, few studies have exam-
ined whether preoperative imaging studies are always helpful for 
all patients with suspected acute appendicitis. Thus, this study 
was designed to explore the unexpected appendiceal pathologies 
of patients who had undergone an appendectomy after a clinical 
diagnosis of acute appendicitis and to evaluate the effects of imag-
ing studies on the frequency of unexpected appendiceal patholo-
gies.       

METHODS

We enrolled patients who had undergone an appendectomy with 
a preoperative diagnosis of acute appendicitis between January 
1997 and December 2012 at Seoul Metropolitan Government - 
Seoul National University Boramae Medical Center, Seoul, Korea. 
Patients with incidental appendectomies during other intra-ab-
dominal surgeries, with simultaneous resection of other organs 
due to other surgical diseases, or with lost pathological results 
were excluded. The medical records were reviewed retrospectively 
for clinical and pathological data, as were imaging studies. Com-
puted tomography (CT) or ultrasonography (US) was performed 
for the preoperative imaging studies. 

For the classification of the pathological results, acute appendici-
tis was defined as the finding of pathological changes of the ap-
pendix with obstructive inflammation, intraluminal distention, 
and mucosal ischemia. The pathological descriptions of the acute 
appendicitis group were as follows: acute appendicitis, acute sup-
purative appendicitis, suppurative appendicitis with microperfo-
ration, gangrenous appendicitis, gangrenous appendicitis with 
periappendiceal abscess, etc. [4, 9]. The other findings were cate-
gorized into unexpected appendiceal pathologies, which were 
subdivided into the normal appendix group, the specific inflam-
matory pathology group, the neoplasm group, and the others 
group. We investigated the proportions of these subgroups ac-
cording to age and the presence of preoperative imaging studies. 
Additionally, we explored whether the imaging studies had differ-
ent effects on the rates of unexpected pathological results in dif-
ferent genders and in various age groups. To do so, we compared 
2 groups of patients: a group in which less than 30% had under-
gone preoperative imaging studies (patients between 1997 and 
2001) and a group in which more than 90% had undergone pre-
operative imaging studies (patients between 2006 and 2012).  

The chi-square test was used to analyze the proportional differ-
ences between acute appendicitis and unexpected appendiceal 

pathologies according to whether preoperative imaging studies 
had been conducted or not. Bonferroni correction was applied to 
the multiple comparisons among subgroups of the unexpected 
pathology subgroup. The Cochran-Mantel-Haenszel chi-square 
trend test was used to evaluate the changes in the subgroups of 
unexpected appendiceal pathologies associated with the propor-
tions of preoperative imaging studies. IBM SPSS Statistics ver. 
20.0 (IBM Co., Armonk, NY, USA) was used for the statistical 
analyses. This study was approved by the Institutional Review 
Board of Seoul Metropolitan Government - Seoul National Uni-
versity Boramae Medical Center (approval number: 16-2014-
160).  

RESULTS

The number of patients enrolled in this study was 4,673. The aver-
age age was 33.0 ± 18.4 years, with those in their twenties occupy-
ing the largest proportion (26.3%). Of the patients 2,585 (55.3%) 
were men. 

Unexpected appendiceal pathologies other than acute appendi-
citis were found in 15.6% of the cases. A histologically normal ap-
pendix, which was reported as “subserosal congestion without in-
flammatory cells” or “no diagnostic abnormality,” was found in 
the majority of unexpected pathologies (449 cases, 9.6%). “Spe-
cific inflammatory pathology,” which could not be diagnosed as 
acute appendicitis under the definition of acute appendicitis, was 
found in 156 cases (3.3%) and included actinomycosis, diverticu-
litis, and granulomatous appendicitis. Neoplastic lesions were 
found in 1.1% (53) of the cases. Other pathological results, such 
as fecal impaction and degenerative parasites, were found in 1.5% 
(69) of the cases (Table 1).  

The proportions of unexpected appendiceal pathologies in pa-
tients with and without preoperative imaging were 13.4% and 
20.1%, respectively, and this difference was statistically significant 
(P < 0.001). In the subgroup analyses, the “normal appendix” oc-
cupied a lower proportion (6.9%) when preoperative imaging 
studies had been performed than when they had not been per-
formed (15.4%; P < 0.001, Bonferroni corrected); however, no sig-
nificant differences were found in the other subgroups (Table 1). 

During the study period, the rate of preoperative imaging stud-
ies continuously increased, and the proportion of “normal appen-
dix” continuously decreased. However, the rates of the other sub-
groups did not show significant changes. That is, the increase in 
preoperative imaging studies decreased appendectomies of nor-
mal appendices but did not decrease appendectomies of other pa-
thologies. Therefore, the decrease of “normal appendix” explained 
the reduction in unexpected appendiceal pathologies (Fig. 1). 

The proportions of total unexpected appendiceal pathologies 
were found not to differ according to age (data not shown). How-
ever, in the subgroup analyses, “normal appendix” showed a 
higher proportion in younger patients (under 50 years old) while 
“specific inflammatory pathology” increased after the fourth de-
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cade. “Neoplasm” reached higher and higher proportions as the 
age increased (Fig. 2).

To examine the role of imaging studies in male and female pa-
tients of various ages, we compared two groups of patients: a 

Table 1. Characteristics of 4,673 patients with appendiceal pathologic findings

Pathologic finding
Total 

(n = 4,673)
With preoperative imaging study 

(n = 3,186)
Without preoperative imaging study 

(n = 1,487)
P-value

Acute appendicitis 3,946 (84.4) 2,758 (86.6) 1,188 (79.9) <0.001

Unexpected appendiceal pathologies 727 (15.6) 428(13.4) 299 (20.1)

   Normal appendixa 449 (9.6) 220 (6.9) 229 (15.4) <0.001*

   Subserosal congestion 432 (9.2) - - -

   No diagnostic abnormality 17 (0.4) - - -

   Inflammatory pathology 156 (3.3) 119 (3.7) 37 (2.5) 0.116*

      Eosinophilic infiltration 83 (1.8) - - -

      Appendiceal diverticulitis 54 (1.2) - - -

      Granulomatous appendicitis 16 (0.3) - - -

      Actinomycosis 3 (< 0.1) - - -

   Neoplasm 53 (1.1) 42 (1.3) 11 (0.7) 0.408*

      Mucinous cystadenoma 37 (0.8) - - -

      Neuroendocrine tumor 10 (0.2) - - -

      Adenocarcinoma 4 (0.1) - - -

      Squamous cell carcinoma 1 (< 0.1) - - -

      Metastatic adenocarcinoma 1 (< 0.1) - - -

   Others 69 (1.5) 47 (1.5) 22 (1.5) 1.000*

      Fecal impaction 46 (1.0) - - -

      Fibrous obliteration 21 (0.4) - - -

      Degenerated parasites 2 (< 0.1) - - -

Values are presented as number (%).
aBonferroni corrected P-value for multiple comparisons.

Fig. 1. Changes in the pathologic results and the rate of preoperative imaging studies from 1997 to 2012.
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Fig. 2. Unexpected appendiceal pathology subgroups according to the age groups.  

Fig. 3. The trends of unexpected appendiceal pathology subgroups according to the age groups and sex with the use of preoperative image 
studies: male (A) and female patients (B).
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group in which less than 30% underwent preoperative imaging 
studies and another group in which more than 90% underwent 
preoperative imaging studies. Both male and female patients un-
der 60 years old showed a significantly lower proportion of unex-
pected appendiceal pathologies in the group with more than 90% 
imaging than those in the group with less than 30% imaging did 
(data not shown). As for the subgroups of unexpected patholo-
gies, only “normal appendix” showed a significantly lower pro-
portion in the group with a high preoperative imaging rate, show-
ing more prominent differences in female patients (P < 0.001, Co-
chran-Mantel-Haenszel method) (Fig. 3).

DISCUSSION

Many studies have categorized appendiceal pathologies. Blair et 
al. [10] and Choi et al. [11] showed various pathological findings 
regarding the appendix without specific groupings. Gupta et al. 
[12] classified pathological results into 5 groups: normal, inflam-
matory lesions, tubercular appendicitis, parasitic infestations, and 
tumorous conditions. In this study, we set the grouping based on 
not only pathology but also clinical demands, such as additional 
treatment after an appendectomy or prognosis, to facilitate clini-
cal use. This grouping can be useful when surgeons give informa-
tion to patients or when doctors or medical personnel are edu-
cated on unexpected pathological findings. Surgeons should be 
aware of further evaluation and treatment strategies after an ap-
pendectomy for patients with the pathologies of neoplastic le-
sions, tuberculosis, actinomycosis, and so on [8, 13-15]. In this 
study, we explored more specific data on the distribution of unex-
pected appendiceal pathologies according to age and gender. 

Pelvic inflammatory disease and ovarian disease in women of 
childbearing age are frequently confused with acute appendicitis 
[16]; however, their negative appendectomy rates were signifi-
cantly decreased with the introduction of preoperative abdominal 
CT [17, 18]. This study also showed a significant decrease in the 
negative appendectomy rate with preoperative imaging studies in 
patients aged under 60 years, especially in young female patients 
(although this was not statistically significant) (Fig. 3B). Before 
imaging studies became popular for patients with abdominal 
pain, patients sometimes underwent an appendectomy with ex-
ploration of the intra-abdominal cavity to rule out appendicitis as 
compared to other diseases, such as pelvic inflammatory disease 
causing right lower quadrant abdominal pain [4]. However, with 
preoperative imaging studies now being performed in most pa-
tients, this procedure has almost disappeared from clinical prac-
tice, and initial nonsurgical therapy with follow-up imaging, 
rather than immediate surgery, tends to be the standard manage-
ment strategy in patients with mild symptoms or an ambiguous 
diagnosis [14]. These changes have probably contributed, at least 
to some extent, to the decrease in the negative appendectomy rate, 
especially in women. 

Although CT scanning and US are very helpful imaging tech-

niques in the diagnosis of intraabdominal conditions, the propor-
tions of subgroups of unexpected appendiceal pathologies (except 
for “normal appendix”) did not change. This implies that imaging 
techniques have inevitable limitations for differentiating acute ap-
pendicitis from other diseases, such as appendiceal diverticulitis 
or granulomatous inflammation [17, 19]. In other words, an ap-
pendectomy cannot be avoided when enlargement of the appen-
dix and periappendiceal infiltration are revealed in spite of the ab-
sence of a typical clinical history, such as initial periumbilical or 
epigastric pain and subsequent migration to the right lower quad-
rant. Thus, in some patients, imaging studies serve to detect the 
surgical condition of the appendix rather than discriminate acute 
appendicitis from a normal appendix. Friedlich et al. [20] and Lee 
et al. [21] reported that appendiceal diverticulitis could be de-
tected with high sensitivity by thin-section CT scanning, but con-
sidering the incidence of appendiceal diverticulitis, the applica-
tion of thin-section CT scans in selective patients is not practical 
and the consequences of excessive radiation exposure should be 
taken into account [22]. Regarding the diagnostic accuracy, those 
of CT and US were 88.3% and 76%, respectively (P < 0.001). 
However, CT and US were not performed independently. Most of 
the ultrasonographies were performed when the patient was 
pregnant or possibly pregnant, when the quality of CT images 
were not satisfactory, or when the CT was not available. There-
fore, in this retrospective study, a comparison of the diagnostic 
accuracies between CT and US was not appropriate. 

In this study, both male and female members of the “normal ap-
pendix” group still comprised 2% to 5%, even after 2007 when 
over 90% of patients underwent preoperative imaging studies. 
This phenomenon was noticeable. Further studies are needed to 
investigate whether this phenomenon was caused by the limita-
tions of imaging tools or individual characteristics. This limitation 
suggests that the evaluation of the clinical index, which was re-
cently discredited due to the development and easy accessibility of 
imaging tools, should be stressed again. Therefore, recent trials to 
reduce imaging studies by adopting clinical indices, such as the 
Alvarado score, are worthy of attention [23-25]. The scoring sys-
tem proposed by Atema et al. [26], which uses simpler and more 
distinguishable imaging features, showed high predictability for 
uncomplicated acute appendicitis, and this system is expected to 
aid the diagnosis of uncomplicated acute appendicitis, as well as 
atypical appendiceal pathologies in which nonoperative manage-
ment would be preferred. Further studies are needed to develop 
an adequate algorithm to implement CT scans with a high cost-
effectiveness ratio to reduce unnecessary imaging studies as well 
as negative appendectomies. 

This retrospective study has some limitations. Firstly, we could 
show neither the pathological spectrum of patients with right 
lower quadrant abdominal pain nor the rate of patients who un-
derwent procedures other than an appendectomy. Secondly, be-
cause this is a retrospective study, there was no uniform standard 
indication for the imaging study in patients with assumed appen-
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dicitis. In the early study period, preoperative imaging studies 
were performed in cases only where ruling out a diagnosis other 
than appendicitis was difficult due to high cost and the low qual-
ity of imaging studies. During the late period, the cost was cov-
ered by national health insurance, the quality of the CT scan was 
improved, and most importantly, the first doctors who examined 
the patients were not surgeons, but physicians in the Department 
of Emergency Medicine. That is why almost all patients under-
went an imaging study in the late period. Therefore, we could not 
delineate a more detailed role of imaging studies according to the 
clinical situation. 

In conclusion, this study revealed various pathologies of the ap-
pendix and their proportions in cases of appendectomies with 
suspected acute appendicitis. Preoperative imaging studies de-
creased the negative appendectomy rate in men and women un-
der the age of 60 years. However, preoperative imaging studies did 
not reduce unexpected appendiceal pathologies other than nor-
mal appendix findings. Surgeons should be aware of these effica-
cies and limitations of imaging studies in the diagnosis of acute 
appendicitis. 
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