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Abstract

Appendicitis is one of the most common causes of acute abdominal pain; yet the risk of

delayed diagnosis remains despite recent advances in abdominal imaging. Understanding

the factors associated with delayed diagnosis can lower the risk of diagnostic errors for

acute appendicitis. These factors, including physicians’ specialty as a generalist or non-gen-

eralist, were evaluated through a retrospective, observational study of adult acute appendi-

citis cases at a single center, between April 1, 2014, and March 31, 2021. The main

outcome was timely diagnosis, defined as "diagnosis at the first visit if the facility had com-

puted tomography (CT) capability" or "referral to an appropriate medical institution promptly

after the first visit for a facility without CT capability," with all other cases defined as delayed

diagnosis. The frequency of delayed diagnosis was calculated and associated factors evalu-

ated through multivariate and exploratory analyses. The overall rate of delayed diagnosis

was 26.2% (200/763 cases). Multivariate analysis showed that tenderness in the right lower

abdominal region, absence of diarrhea, a consultation of�6 h after symptom onset, and

consultation with a generalist were associated with a decreased risk of delayed diagnosis of

acute appendicitis. Exploratory analysis found that generalists performed more physical

findings related to acute appendicitis, suggesting that this diagnostic approach may be

associated with timely diagnosis. Future studies should adjust for other potential confound-

ing factors, including patient complexity, consultation environment, number of physicians,

diagnostic modality, and physician specialties.

Introduction

Appendicitis is one of the most common causes of acute abdominal pain, with a lifetime risk

of 8.6% in men, 6.7% in women [1], and an incidence rate of approximately 100–150 per

100,000 person-years [2]. However, the diagnosis of acute appendicitis is occasionally difficult

and, despite recent advances in abdominal imaging studies, its misdiagnosis incidence rate has

not decreased [3, 4]. Diagnostic errors are reported in 5.9–25.7% of adult acute appendicitis

cases [5–8]. The misdiagnosis of acute appendicitis is associated with perforation,
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postoperative complications (persistent ileus, wound abscess, persistent drainage, and wound

dehiscence), and increased length of hospital stay [9]. As 80% of the diagnostic errors are pre-

ventable [10], identifying the factors associated with misdiagnosis is necessary.

Previous studies have identified the following factors as being associated with diagnostic

errors of acute appendicitis in adults: age>60 years [11, 12], appendicitis in the pelvic region

[13], atypical symptoms or inadequate examination [14], poor clinical findings [5], the experi-

ence level of the emergency physician [15], female sex, the presence of coexisting conditions,

constipation, and appendicitis without pain [8]. In addition, other physician- and environ-

mental-related factors, such as physician specialty [16, 17], access to ultrasound [18], and hos-

pital size [19], have been reported as factors associated with misdiagnosis in pediatric studies.

However, no study has examined whether physician specialty causes the delayed diagnosis of

acute appendicitis in adults.

In Japan, specialty training has historically been emphasized; therefore, both specialists and

generalists provide assessment and treatment in primary and emergency care [20, 21]. A mul-

ticenter study in Japan regarding the delayed diagnosis of lower gastrointestinal perforation

highlighted the possible effect of physician training on diagnostic accuracy for acute abdomen,

with a lower rate of delayed diagnosis identified for generalists (primary care and emergency

physicians) than for non-generalists [21]. However, the study did not address in detail the fac-

tors or processes that led generalists to make fewer diagnostic errors for lower gastrointestinal

perforation [21]. Acute appendicitis, like lower gastrointestinal perforation, is an acute abdom-

inal condition with a similar clinical presentation. Therefore, one would expect a lower rate of

diagnostic delay in acute appendicitis by generalists, although, no studies have reported this to

date.

Since there is no single clinically significant physical finding that is conclusive for the diag-

nosis of appendicitis [22] and there is no definitive laboratory test [23], clinical judgment,

based on history taking and physical examination, is key in diagnosing acute appendicitis. A

common pitfall in the diagnosis of appendicitis is including or excluding the diagnosis based

on a single clinical sign or symptom [23]. Reports of physical findings made by attending phy-

sicians for general medicine inpatients leading to important changes in clinical management

[24] and reports that inadequate physical examination causes preventable medical errors [25]

suggest that improved accuracy of physical examination findings is essential to an excellent

diagnostic process for acute appendicitis. While there have been studies on the degree of agree-

ment among physicians for the same physical examination performed, differences in whether

or not physicians perform each physical examination (or alternatively, whether or not they

record findings) would be worth exploring. As an example, while rectal examination has been

reported to not contribute much to the diagnostic accuracy of appendicitis [26], Rusnak et al.

reported fewer diagnostic errors for appendicitis cases with documented rectal examination

[14]. This suggests that the physician’s attitude toward physical examination, rather than a

direct effect of physical examination, may be related to the accuracy of appendicitis diagnosis.

To address this gap in knowledge regarding the physical examination approach and diag-

nostic accuracy for acute appendicitis in adults, we conducted a retrospective study of acute

appendicitis cases, with the diagnosis confirmed by computed tomography (CT), to determine

whether physician specialty is a potential source of delayed acute appendicitis diagnosis. Addi-

tionally, we hypothesized that consultation with a generalist, especially with respect to physical

examination, would lower the incidence of delayed acute appendicitis diagnosis. The most

vital component for a timely diagnosis of acute appendicitis is suspecting the disease based on

the history taking and physical examination, which can be conducted irrespective to the loca-

tion. Therefore, we included patients who directly visited our hospital, as well as patients who

were referred from other clinics.
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Materials and methods

Study design, setting, and statement of ethics

This was a retrospective observational analysis of patients diagnosed with acute appendicitis at

Showa University Koto Toyosu Hospital, between April 1, 2014, and March 31, 2021. Showa

University Koto Toyosu Hospital is a 400-bed acute care hospital in Tokyo. At Showa Univer-

sity Koto Toyosu Hospital, patients with abdominal pain in the emergency room are evaluated

by physicians from various departments, including general internal medicine, gastroenterol-

ogy, and surgery, depending on the situation at the time. In addition, in most Tokyo clinics,

physicians from various departments provide primary care. They also evaluate patients with

abdominal pain and refer them to a nearby acute care hospital if needed.

Our study followed the STROBE reporting statement for observational studies and the pro-

tocol was approved by the Ethics Committee of Showa University (21-096-A). An opt-out

method was used so that patients could refuse to participate in the study.

Study group

We used two datasets from Showa University Koto Toyosu Hospital to extract cases of appen-

dicitis: the Japanese Healthcare Insurance system database and the radiology reports of CT. In

this study, we extracted the medical records with the disease code of appendicitis in the insur-

ance system database or with the diagnosis of appendicitis documented in the CT report. Eligi-

ble patients were� 15 years of age who came directly to our hospital or were referred to our

hospital from other clinics, between April 1, 2014, and March 31, 2021. In the referred groups,

simple blood tests, such as complete blood count, was conducted on some patients. Medical

records of eligible patients were reviewed to identify patients whose radiology reports

described appendicitis as the diagnosis. Only the first event was included for patients with

repeat visits for possible acute appendicitis to avoid the confounding effects of prior notes on

the diagnostic process. Excluded were cases in which the final diagnosis was not acute appen-

dicitis, the onset of appendicitis was during the period of hospitalization, the diagnosis was

stump appendicitis, and prior hospitalization for acute appendicitis at another hospital, with

patients transferred to our hospital for treatment.

Data collection and definition of variables

In this study, the diagnosis of acute appendicitis was defined as the diagnosis in the radiology

CT report. Patient factors (age, sex, the presence of underlying disease, consultation >6 h after

symptom onset [27], and no history of appendicitis), disease factors (fever, constipation, diar-

rhea, absence of pain, migration of pain, anorexia, nausea and vomiting, recurrent pain, right

lower quadrant tenderness, body temperature, white blood cell count, [WBC], WBC fraction,

C-reactive protein [CRP] level, and location of the appendix), and environmental factors (spe-

cialty of the consulting physician and whether the initial medical examination was performed

at a clinic or hospital) were retrospectively collected. The Charlson Comorbidity Index was

used instead of the Elixhauser Comorbidity Index owing to its limitations in a retrospective

study design [8, 28]. The cutoff values related to WBC in the Alvarado score were used as the

criterion of a shift to the left for the WBC and neutrophil counts [29]. The cutoff value for ele-

vated CRP, a frequently used inflammation marker in daily practice, was 10 mg/L [30]. CT was

used in all cases to confirm the location of the appendix and to assess whether the appendix

had extended toward the pelvic region. Symptoms and physical findings were confirmed using

physicians’ and nurses’ medical records at Showa University Koto Toyosu Hospital and other

records, such as scanned referral letters, medical questionnaires, and imaging data.
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Information on patients visited by referral was collected first from the information in the

patient referral document, and the missing information was made up with the information at

Showa University Koto Toyosu Hospital. Physician specialty was identified from medical rec-

ords, referral forms, and internet searches. Board-certified primary care and emergency physi-

cians and the trainees were classified as generalists, as previously described [21]; other board-

certified physicians and the trainees were classified as non-generalists, with subclassifications

of gastroenterologists and non-gastroenterologists. Symptoms of acute appendicitis were

determined by new onset symptoms among those listed under "disease factors." A medical

record review was performed solely by the corresponding author (TH).

For the exploratory analyses, we included only patients who presented directly to Showa

University Koto Toyosu Hospital as their first medical institution after symptom onset.

Detailed information was collected via a review of medical records. As a result, the following

information on physical findings was extracted: right lower abdominal tenderness, tenderness

at McBurney’s point, tenderness at Lanz’s point, cough, percussion, heel drop, psoas, and

obturator test. Right lower abdominal tenderness, tenderness at McBurney’s point, and tender-

ness at Lanz’s point were physical findings related to the right lower abdomen; and the cough

[31–36], percussion [31–33, 35, 36], and heel drop tests [37–39] were physical tests aimed at

detecting minor perineal irritation. The psoas and obturator tests were classified as tests that

could detect pelvic appendicitis [36, 40].

Main outcomes

The main outcome of our study was the frequency of delayed diagnosis of acute appendicitis

and the associated factors. We defined two criteria for timely diagnosis, as previously described

[10]: "diagnosis at the first visit if the facility had CT capability" and "referral to an appropriate

medical institution promptly after the first visit for a facility without CT capability." In other

words, CT was performed at the first visit to Showa University Koto Toyosu Hospital in almost

all patients in the timely diagnosis group. All other cases were defined as delayed diagnoses

and considered "lost opportunities" for timely diagnosis of acute appendicitis.

Statistical analysis

Differences in nominal variables between the timely and delayed diagnosis groups were evalu-

ated using the chi-square or Fisher’s exact test, with a t-test or Wilcoxon rank-sum test used

for continuous variables, as appropriate for the data distribution. Multivariate logistic regres-

sion analysis for delayed diagnosis (diagnostic error) considered the following factors sug-

gested by existing literature: female sex, constipation, no pain at presentation, presence of

comorbidities, pelvic appendicitis, and age>60 years. In addition, the following factors, which

may be relevant to the diagnostic process and diagnostic errors were also included: CRP�10

mg/L, diarrhea, no tenderness in the right lower quadrant, history of appendicitis, a consulta-

tion >6 h after symptom onset, and physician training (generalist or non-generalist). We also

conducted a sensitivity analysis for multivariate logistic regression analysis by using multiple

imputation method to handle missing data. We used the “mice” package of R for multiple

imputation with 20 imputations.

The sample size was targeted at approximately 1000 cases based on a predicted 20% inci-

dence of delayed diagnosis of acute appendicitis and a planned 12-item multivariate analysis.

Statistical analyses were performed using the R 4.1.0 (The R Foundation for Statistical Com-

puting, Vienna, Austria). All tests were two-tailed, with a P value of<0.05 considered statisti-

cally significant.
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Exploratory analysis

To clarify the effects of the difference in variety of physical examinations performed by gener-

alists and non-generalists on the delayed diagnosis of appendicitis, we also conducted explor-

atory analyses. For the exploratory analyses, we included only patients who presented directly

to Showa University Koto Toyosu Hospital as their first medical institution after symptom

onset to avoid biases introduced by information from other medical institutions.

Results

A total of 2180 eligible cases were identified: 1428 from our hospital’s disease registry and 752

from radiology reports. Of these eligible cases, 1417 were excluded for the following reasons:

duplicate cases (n = 855), repeat consultation (n = 26), non-acute appendicitis (n = 513),

appendicitis developing during hospitalization (n = 4), stump appendicitis (n = 1), and trans-

fers to our hospital for treatment after diagnosis at another center (n = 18). After screening,

763 cases were included in our analysis (Fig 1). Patients in our sample group were 40.9±15.4

years of age, and 330 (43.3%) were women.

Delayed diagnoses occurred in 200/763 cases, for an overall incidence rate of 26.2%.

Delayed diagnoses were identified in 89 of 339 (26.3%) cases assessed by a gastroenterologist,

in 76 of 299 (25.4%) cases assessed by a non-gastroenterologist, and in 3 of 64 (4.7%) cases

assessed by a generalist. The incidence of delayed diagnosis was significantly lower for general-

ists than for gastroenterologists or non-gastroenterologists (P<0.001).

A comparison of patient characteristics between the delayed and timely diagnosis groups is

presented in Table 1. On multivariate analysis, the following factors were associated with

delayed diagnosis (Table 2): female sex (odds ratio [OR]: 1.95; 95% confidence interval [CI]:

1.21–3.16), no tenderness in the right lower abdominal region (OR: 7.32; 95% CI: 3.45–16.2),

diarrhea (OR: 1.91; 95% CI: 1.09–3.34), a consultation of>6 h after symptom onset (OR: 2.43;

95% CI: 1.16–5.37), and consultation with a non-generalist (OR: 16.8; 95% CI: 3.19–315).

Although age was analyzed as a continuous variable, it was not a significant factor in delaying

the diagnosis of acute appendicitis in this study. Regarding the variables included in the multi-

variate analysis, at least one missing data existed in 305/763 cases (40.0%): 253 in constipation

(33.2%), 184 in diarrhea (24.1%), 61 in physician training (8.0%), 22 in no tenderness in the

right lower abdominal region (2.9%), 8 in no pain at presentation (1.1%), 7 in pelvic appendi-

citis (0.9%), 5 in a consultation >6 h after symptom onset (0.7%), and 2 in CRP�10 mg/L

(0.3%). The prevalence of at least one missing data was not different between the delayed diag-

nosis (218/563, 38.7%) and timely diagnosis (87/200, 43.5%) group (P = 0.24). In the multivari-

ate analysis with multiple imputations, no tenderness in the right lower quadrant (OR: 5.93;

95% CI: 3.11–1.3), diarrhea (OR: 1.96; 95% CI: 1.21–3.18), consultation of>6 h after symptom

onset (OR 2.38; 95% CI: 1.27–4.45), and consultation by a non-generalist (OR 7.00; 95% CI:

1.97–24.9) remained significant risk factors for delayed diagnosis.

The exploratory analysis identified delayed diagnoses in 31 of the 247 cases, with a rate of

14.6% (30/206 cases) for non-generalists and 2.5% (1/40 cases) for generalists. Therefore, the

rate of delayed diagnosis was significantly lower for generalists than for non-generalists

(P<0.001).

Physical findings in the right lower abdomen were described by non-generalists in 83.1%

(172/207) and by generalists in 90% (36/40) of their cases. Physical findings of mild peritoneal

irritation were described by non-generalists in 31.9% (66/207) and by generalists in 82.5% (33/

40) of their cases. Lastly, physical examination findings associated with pelvic appendicitis

were described by non-generalists in 4.8% (10/207) and by generalists in 37.5% (15/40) of their

cases. Generalists were significantly more likely to perform physical tests to detect mild
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Fig 1. Flow chart of patient selection.

https://doi.org/10.1371/journal.pone.0276454.g001
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peritoneal irritation and pelvic appendicitis than non-generalists (P<0.001). Overall, the posi-

tive rate of physical findings was not different between non-generalists and generalists: tender-

ness in the right lower abdomen, 75.0% (129/172) and 66.7% (24/36), respectively (P = 0.31);

Table 1. Comparison of patient characteristics and factors associated with "delayed" and "timely" diagnosis.

Characteristics Delayed Diagnosis Group (n = 200)

Frequency (%)

Timely Diagnosis Group (n = 563)

Frequency (%)

P value

Sex (Female) 96/200 (48.0) 234/563 (41.6) 0.12

Age (years, mean ± SD) 40.7 ± 14.5 41.0 ± 15.7 0.79

Age >60 years 18/200 (9.0) 67/563 (11.9) 0.29

Consultation >6 h after symptom onset 177/199 (88.9) 422/559 (75.5) <0.001

Diarrhea 41/153 (26.8) 65/426 (15.3) 0.002

Constipation 21/146 (14.4) 37/364 (10.2) 0.18

No pain 3/197 (1.5) 5/558 (0.9) 0.43

Migration of pain 50/191 (26.2) 161/552 (29.2) 0.45

Anorexia 140/185 (75.7) 406/522 (77.8) 0.61

Nausea and vomiting 92/184 (50.0) 259/525 (49.3) 0.93

Rebound tenderness 95/188 (50.5) 272/532 (51.1) 0.93

Negative tenderness in the right lower quadrant 30/193 (15.5) 34/548 (6.2) <0.001

Fever (body temperature �37.4˚C) 63/190 (33.2) 146/546 (26.7) 0.09

White blood cell�10000/μL 135/198 (68.2) 418/653 (64.0) 0.12

Neutrophil left shift (�75%) 145/191 (75.9) 426/549 (77.6) 0.62

CRP�10 mg/L 148/198 (74.7) 312/563 (55.4) <0.001

Presence of comorbidities 11/200 (5.5) 49/563 (8.7) 0.17

No history of appendicitis 191/200 (95.5) 491/563 (87.2) 0.001

Pelvic appendicitis 109/196 (55.6) 226/560 (40.4) <0.001

Non-gastroenterologist consultation at the first

visit

76/168 (45.2) 223/534 (41.8) 0.47

Gastroenterologist consultation at the first visit 89/168 (53.0) 250/534 (46.8) 0.18

Generalist consultation on the first visit 3/168 (1.8) 61/534 (11.4) <0.001

The first consultation at a clinic 131/200 (65.5) 240/563 (42.6) <0.001

CRP: C-reactive protein

https://doi.org/10.1371/journal.pone.0276454.t001

Table 2. Results of the multivariate logistic regression analysis to identify factors associated with a delayed diag-

nosis of acute appendicitis.

Multivariate logistic regression analysis Odds ratio (95% CI) P value

Sex (Female) 1.95 (1.21, 3.16) 0.01

Constipation 1.04 (0.47, 2.20) 0.91

Absence of pain 0.99 (0.10, 7.20) >0.99

Patients with comorbidities 0.37 (0.11, 1.04) 0.08

Pelvic appendicitis 1.13 (0.70, 1.82) 0.62

Age (for one year increase) 0.99 (0.98, 1.01) 0.29

CRP�10 mg/L 1.78 (1.00, 3.27) 0.06

No tenderness in the right lower quadrant 7.32 (3.45, 16.2) <0.001

Diarrhea 1.91 (1.09, 3.34) 0.02

No history of appendicitis 2.60 (0.92, 9.52) 0.10

Consultation >6 h after symptom onset 2.43 (1.16, 5.37) 0.02

Consultation by a non-generalist 16.8 (3.19, 315) 0.01

https://doi.org/10.1371/journal.pone.0276454.t002
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mild peritoneal irritation, 74.2% (49/66) and 72.7% (24/33), respectively (P = 1.00); and pelvic

appendicitis, 50.0% (5/10) and 46.7% (7/15), respectively (P = 1.00).

Discussion

We identified a 26.2% overall rate of delayed acute appendicitis diagnosis. We also identified

female sex, the absence of right lower abdominal pain, initial consultation at a clinic, and a

consultation >6 h after symptom onset as factors associated with a delayed diagnosis. Assess-

ments performed by non-generalists increased the likelihood of delayed diagnosis, with a rate

of 25.8% (165/638 cases) for non-generalists compared to 4.7% (3/64 cases) for generalists.

After multivariate analysis and adjustment for other factors, consultation with a non-generalist

remained a risk factor for delayed diagnosis. Our exploratory analysis identified that general-

ists were more likely than non-generalists to examine patients for signs of peritoneal irritation

and pelvic appendicitis. However, because this was based on exploratory analysis, causation

between the diagnostic process of generalists and a lower likelihood of delayed diagnosis can-

not be inferred.

The frequency of delayed diagnosis in our study was higher than that reported in previous

studies [5–8]. Previous reports of diagnostic errors in appendicitis have mainly focused on

negative appendectomy, which could not address the diagnostic errors in patients who were

treated conservatively. Recently, Mahajan et al. reported an incidence rate of diagnostic error

for appendicitis in adults of 6.0%; however, this rate of misdiagnosis may be underestimated

for an epidemiologic study as it was based on the definition of "potential misdiagnosis of

appendicitis" and used big data [8]. Another recently reported study by Leung et al. compared

diagnosis on admission with diagnosis on discharge, including non-resected cases, and

reported a diagnostic error rate for acute appendicitis of 19% [6]. On the other hand, a recent

large cohort study in pediatrics reported a delay rate of<5% in the diagnosis of appendicitis

[8, 41]. Michelson. et al. reported a 63% delay in appendicitis diagnosis in a study that included

only patients in whom a revisit led to the appendicitis diagnosis [42]. This large difference in

the frequency of diagnostic errors for appendicitis may be influenced by differences in the defi-

nition of diagnostic error, as well as differences in context, including clinical practice and dif-

ferences in health care systems [43]. We believe that the frequency of delayed diagnosis in our

study was higher than the rate reported in previous studies because we used strict the criteria

for timely diagnosis to reduce bias, including only cases with a correct diagnosis made at the

time of an initial visit as timely diagnosis. Our findings on female sex and the absence of right

lower abdominal pain as risk factors of delayed diagnosis were consistent with those of previ-

ous studies [5, 8, 14]. Tenderness in the right lower abdomen was the most useful clinical sign

of acute appendicitis, consistent with previous reports [22, 44], and the absence of this sign

made diagnosis difficult.

A key finding in our study was that generalists were more likely than non-generalists to per-

form various physical tests. Generalists did not limit their assessments to the right lower abdo-

men or rely on tenderness in the right lower abdomen for diagnosis. Specifically, generalists

may include tests for minor peritonitis (cough, percussion, and heel drop tests) [31–39] and

appendicitis in the pelvic region (psoas and obturator test) to improve their diagnostic accu-

racy. Our finding that generalists may have a more complete diagnostic process than non-gen-

eralists was consistent with a previous study which reported that, compared to non-generalists,

generalist physicians have a lower risk of delayed diagnosis for lower gastrointestinal perfora-

tion, another acute abdomen condition [21]. In recent years, it has been noted that interest in

physical examination has been waning with advances in diagnostic imaging [45]. However,

general medicine departments in Japan provide an effective clinical situation for educating
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residents about physical examination [46, 47]. These backgrounds may be related to the pres-

ent results, in which generalists recorded a greater variety of physical findings.

The strengths of our study include collecting information on physician specialty and diagnos-

tic processes through a detailed review of medical records and evaluating the association between

these factors and delayed diagnosis of acute appendicitis. The limitations of our study should

also be acknowledged. First, this is a single-center study that used a retrospective design. There-

fore, selection and information bias cannot be ruled out, nor external validity be examined. Sec-

ond, objective criteria were used for CT findings and diagnostic delay but were evaluated by a

single reviewer. Third, whether at the clinic or hospital, the number of physicians and outpatients

and differences among patients may have been poorly adjusted for by the wide variety of con-

founding factors in different consultation settings. Fourth, the exploratory analysis regarding

physical examination was univariate only and the sample size was small, making it difficult to

adjust for other factors fully. Moreover, although the record of physical findings was verified

because of the design of this study, it is impossible to know if a physician performed a particular

physical examination but did not document it in the medical record. Of note, however, the fact

that a physical examination finding is documented in the medical record indicates that the physi-

cian thought the finding was important to the diagnosis. Thus, the results suggest that the gener-

alist was interested in a more detailed search for intra-abdominal disease. Fifth, only cases of

acute appendicitis confirmed by abdominal CT were included; therefore, cases diagnosed by

sonography, which included pregnant women, were excluded. CT scan is a highly sensitive and

specific test for acute appendicitis. Of course, clinical diagnosis and ultrasonography are also

important, but clinical judgment and ultrasonography are often not documented and there are

differences in accuracy among examiners. Since this study focused on "diagnostic error," we

included cases with confirmed appendicitis by CT as criteria, emphasizing information for

which more objective data remained. In Japan, there are many CT imaging centers, with good

accessibility [48]; therefore, CT is commonly used to make decisions in adult cases. However, the

use of CT is limited by radiation exposure and differences in accessibility. It should be noted that

our study was conducted in central Japan, where access to CT is good in both clinics and hospi-

tals. Sixth, our study focused on the outcome of delayed diagnosis in cases in which acute appen-

dicitis was confirmed by CT imaging. The use of other imaging modalities, prognosis, length of

hospital stay, and complications were not investigated; therefore, it is impossible to determine

whether early diagnosis by CT is the optimal diagnostic process. Also, it is possible that general-

ists are performing CT imaging more frequently than non-generalists. In addition, the use of

contrast media in CT imaging is left to the discretion of each clinician and we did not investigate

the association between contrast CT and delayed diagnosis. The difference in sensitivity of CT

for acute appendicitis due to the use of contrast media is minimal, around 1%, and we did not

collect information in this study because we judged the association with delayed diagnosis of

appendicitis to be very low [48]. Finally, the sensitivity of CT for the diagnosis of acute appendi-

citis is not 100% [49, 50] and cases of missed diagnosis by CT were not investigated in this study.

Conclusions

In patients who were diagnosed with appendicitis by the CT findings, a delayed diagnosis

occurred in about one fourth of the cases. Consultation by generalists at the index visit was

associated with a lower occurrence of delayed diagnosis. Our findings further suggest that gen-

eralists may include a wider range of physical examinations to detect peritoneal irritation,

which may explain the lower rate of delayed diagnosis, compared to the other specialties.

Future studies are warranted to clarify this finding by adjusting for other important confound-

ing factors, such as patient complexity and clinical context.
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