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Abstract
Background  The mortality rate of gangrenous/perforated appendicitis is higher than that of uncomplicated 
appendicitis. However, non-operative management of such patients is ineffective. This necessitates their careful exam 
at presentation to identify gangrenous/perforated appendicitis and aid surgical decision-making. Therefore, this study 
aimed to develop a new scoring model based on objective findings to predict gangrenous/perforated appendicitis in 
adults.

Methods  We retrospectively analyzed 151 patients with acute appendicitis who underwent emergency surgery 
between January 2014 and June 2021. We performed univariate and multivariate analyses to identify independent 
objective predictors of gangrenous/perforated appendicitis, and a new scoring model was developed based on 
logistic regression coefficients for independent predictors. Receiver operating characteristic (ROC) curve analysis and 
the Hosmer–Lemeshow test were performed to assess the discrimination and calibration of the model. Finally, the 
scores were classified into three categories based on the probability of gangrenous/perforated appendicitis.

Results  Among the 151 patients, 85 and 66 patients were diagnosed with gangrenous/perforated appendicitis 
and uncomplicated appendicitis, respectively. Using the multivariate analysis, C-reactive protein level, maximal 
outer diameter of the appendix, and presence of appendiceal fecalith were identified as independent predictors 
for developing gangrenous/perforated appendicitis. Our novel scoring model was developed based on three 
independent predictors and ranged from 0 to 3. The area under the ROC curve was 0.792 (95% confidence interval, 
0.721—0.863), and the Hosmer–Lemeshow test showed a good calibration of the novel scoring model (P = 0.716). 
Three risk categories were classified: low, moderate, and high risk with probabilities of 30.9%, 63.8%, and 94.4%, 
respectively.

Conclusions  Our scoring model can objectively and reproducibly identify gangrenous/perforated appendicitis with 
good diagnostic accuracy and help in determining the degree of urgency and in making decisions about appendicitis 
management.
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Background
Acute appendicitis is the commonest cause of acute 
abdomen, and the lifetime prevalence of appendicitis is 
approximately 7–8% [1]. Acute appendicitis is catego-
rized as uncomplicated or complicated; approximately 
30% of cases of acute appendicitis in the United States are 
considered complicated [2]. Acute complicated appendi-
citis is commonly defined as appendiceal inflammation 
with signs of gangrene, perforation, or abscess. It may 
eventually lead to acute diffuse peritonitis associated 
with a high risk of morbidity and mortality. The mortality 
rate is higher in gangrenous appendicitis (0.6%) than in 
uncomplicated appendicitis (UA) (< 0.1%). Furthermore, 
the mortality rate of appendicitis is higher in perforated 
appendicitis (5%) than in uncomplicated appendicitis [3].

Recent studies have reported the efficacy and safety of 
non-operative management using antibiotic therapy for 
UA [4, 5]. In addition, it is easier to diagnose acute appen-
dicitis with an abscess using computed tomography (CT), 
and non-operative management with interval appendec-
tomy is safe and effective [6–8]. Recently, in our depart-
ment, interval appendectomy following non-operative 
management has become the first choice of management 
in treating appendicitis with abscess. However, some 
studies have reported that non-operative management 
for gangrenous/perforated appendicitis (GPA) is unlikely 
to be effective, and surgical intervention is frequently 
required [1, 9, 10]. Recent studies have reported that 
failure of non-operative management in GPA was asso-
ciated with an increased need for open surgery, major 
bowel resection, and prolonged length of hospital stay 
[11, 12]. Thus, to improve the prognosis of patients with 
appendicitis, a thorough examination of patients with 
GPA at presentation is of great clinical significance and 
can help surgeons to make an urgent decision on surgical 
management of the patient as opposed to patients with 
UA. However, identifying GPA is difficult for surgeons 
and remains challenging. Scoring models to predict GPA 
without the evidence of an abscess have been reported by 
few studies. Moreover, scoring models to predict com-
plicated acute appendicitis have been reported by recent 
studies [13–18]; however, most of the models included 
variables with poor objectivity and reproducibility, such 
as symptoms and physical examination. Therefore, in this 
study, we aimed to develop a novel scoring model based 
on objective findings such as patient characteristics and 
serological and radiological findings in predicting GPA 
(excluding appendicitis with an abscess).

Methods
Patients
We retrospectively analyzed 202 patients (aged > 16 
years) who were diagnosed with acute appendicitis based 
on clinical symptoms and CT findings and underwent 

emergency surgery between January 2014 and June 2021 
at our institution. In our department, there are no estab-
lished criteria for treatment selection, rather it is largely 
at the discretion of the attending physician. Recently, 
however, appendicitis with mild inflammation is often 
treated nonoperatively. Gangrenous appendicitis was 
diagnosed pathologically, whereas perforated appendici-
tis was diagnosed either pathologically or based on sur-
gical findings, such as a perforated appendix, or based 
on CT findings, such as the presence of air outside the 
lumen. Among the 202 patients included in this study, 
patients with an abdominal abscess confirmed by CT 
(n = 44), appendiceal neoplasm, malignancy (n = 3), and 
missing data (n = 4) were excluded. A total of 151 patients 
were thus ultimately enrolled in this study and were cat-
egorized into two groups, namely, GPA and UA groups.

This study was approved by the Tokyo Medical Univer-
sity Hachioji Medical Center Ethics Committee (approval 
no. T2020-0314). Informed consent was obtained in the 
form of an opt-out.

Study variables
Patient information, laboratory, and radiological findings 
were extracted from electronic medical records. Patient 
characteristics and preoperative variables included sex; 
age; body mass index; a past medical history of appen-
dicitis; a past medical history of abdominal surgery; and 
laboratory findings, including white blood cell count, 
C-reactive protein (CRP), platelets, bilirubin, and creati-
nine. Radiographic findings on CT imaging included the 
maximal outer diameter of the appendix (in mm), the 
presence of appendiceal fecalith, the presence of periap-
pendiceal fat stranding, and the presence of free intra-
peritoneal fluid. All the above-mentioned variables are 
highly objective.

Statistical analyses
We used the Statistical Package for Social Sciences ver-
sion 27.00 (IBM Corp, Armonk, NY, USA) for all statis-
tical analyses. Univariate analysis was used to compare 
patient demographics, preoperative, and radiographic 
variables between the GPA and the UA groups. The 
Mann–Whitney U test was used for the comparison of 
continuous variables, and Fisher’s exact test or the chi-
squared test was used for the comparison of categorical 
variables. P < 0.05 was considered significant. Multivari-
ate logistic regression analysis was used for patient demo-
graphics, preoperative, and radiographic variables with 
P < 0.05.

All variables with P < 0.05 in the multivariate analysis 
were identified as independent predictors of GPA and 
were used for the final model. Continuous predictor vari-
ables were converted to binary variables based on cut-off 
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values set by using the receiver operating characteristic 
(ROC) curve analysis.

We developed a new scoring model based on logis-
tic regression coefficients for independent predictors. 
For the scoring model, ROC curve analysis was used to 
evaluate discrimination, and the Hosmer–Lemeshow test 
was used for calibration. The area under the ROC curve 
(AUC) is a measure of the accuracy of a quantitative 
diagnostic test. The Hosmer–Lemeshow test is a statisti-
cal test to determine goodness-of-fit, where P > 0.05 indi-
cates adequate calibration. Finally, scoring was classified 
into three categories, and the probability of GPA in each 
category was assessed. We estimated the power to com-
pare the score of the model between GPA and UA groups 
using a post hoc power analysis of the two-tailed inde-
pendent t-test at 5% alpha.

Results
Of the 151 patients included in this study, the median age 
was 47 (range, 16–89) years, and 97 (64.2%) patients were 
male. We categorized 85 (56.3%) patients and 66 (43.7%) 
patients into the GPA and UA groups, respectively. None 

of the patients had undergone preoperative percutaneous 
drainage.

Comparisons between GPA and UA groups using univariate 
and multivariate analyses
Univariate analysis was performed to compare the GPA 
and UA groups. Patient characteristics and preopera-
tive variables of both groups are shown in Table  1. A 
significant difference was found only in age with respect 
to patient characteristics, where patients in the GPA 
group were older (P = 0.006) than those in the UA group. 
Regarding laboratory and CT findings, CRP (P < 0.001), 
bilirubin (P = 0.025), and the maximal outer diameter of 
the appendix (P < 0.001) were significantly higher in the 
GPA group than in the UA group. Additionally, more 
patients had fecaliths (P < 0.001) and periappendiceal fat 
stranding (P < 0.001)  in the GPA group than in the UA 
group.

We performed multivariate logistic regression analy-
sis for six variables (age, CRP, bilirubin, maximal outer 
diameter of the appendix, presence of appendiceal feca-
lith, and presence of periappendiceal fat stranding) which 
showed that CRP, the maximal outer diameter of the 
appendix, and the presence of appendiceal fecalith were 
independent predictors of GPA (Table 2).

Development of a scoring model for the prediction of GPA
We developed a scoring model for predicting GPA based 
on the final logistic regression model. Continuous vari-
ables (CRP and the maximal outer diameter of the appen-
dix) were converted to a binary variable according to 
the optimal cut-off value with the highest sum of sensi-
tivity and specificity. The cut-off value was set to 7 mg/
dL for CRP and 13 mm for the maximal outer diameter 
of the appendix. For convenience, the regression coeffi-
cients assigned to each predictor were rounded down to 
the nearest integer, and the sum of the scores assigned to 
each predictor was considered the total score of the new 
scoring model and ranged from 0 to 3 (Table 3).

Table 1  Comparison Between the GPA-Group and UA-Group of 
Patients Characteristics and Preoperative Variables

GPA-group 
(n = 85)

UA-group (n = 66) P 
value

Patient characteristics
Age 52(16–89) 41(16–81) 0.006

Male sex 57(67.1%) 40(60.6%) 0.412

Body mass index (kg/m2) 22.6(17.2–32.7) 22.5(15.8–33.1) 0.723

Previous history of 
appendicitis

6(7.1%) 6(9.1%) 0.647

Previous history of 
abdominal surgery

12(14.1%) 6(9.1%) 0.344

Laboratory findings
WBC (/µL) 14,500(2270–

43,500)
12,850(4400–
25,700)

0.069

CRP (mg/dL) 11.02(0.02–
54.88)

1.83(0.02–27.50) < 0.001

Plt (×104/µL) 21.5(9.1–35) 22.6(9.6–41.5) 0.37

Bil (mg/dL) 1.1(0.2–5.1) 0.95(0.3–2.4) 0.025

Cre (mg/dL) 0.7(0.37–10.40) 0.69(0.30-10.45) 0.794

CT findings
Maximal diameter of the 
appendix (mm)

13(7–19) 11.5(6–19) < 0.001

Presence of fecalith 68(80%) 34(51.5%) < 0.001

Presence of periappendi-
ceal fat stranding

73(85.9%) 38(57.6%) < 0.001

Presence of free perito-
neal fluid

16(18.8%) 6(9.1%) 0.072

Categorical data are expressed as percentages and continuous data are 
expressed as median (min-max)

WBC, white blood cell; CRP, C-reactive protein; Plt, platelet; Bil, bilirubin; Cre, 
creatinine; CT, computed tomography, GPA-group, gangrenous/perforated 
appendicitis group; UA-group, uncomplicated appendicitis group

Table 2   Multivariable Logistic Regression Analysis of Predictors 
for Gangrenous/Perforated Appendicitis

Variables OR (95% CI) P 
value

Age – –

CRP 1.111 
(1.055–1.17)

< 0.001

Bilirubin – –

Maximal diameter of the appendix(mm) 1.176 
(1.014–1.364)

0.032

Presence of fecalith 2.965 
(1.325–6.636)

0.008

Presence of periappendiceal fat stranding – –
CRP, C-reactive protein; OR, odds ratio; CI, confidence interval
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ROC analysis for the scoring model indicated moder-
ate discrimination with an AUC of 0.792 (95% CI, 0.721–
0.863) (Fig.  1). The Hosmer–Lemeshow test indicated 
good calibration of this model (P = 0.716). The post hoc 
power analysis showed a power of 100% based on 151 
patients at a 5% alpha level.

The diagnostic performance of each score in the model 
is presented in Table 4. At a score of 2, the model had the 
best performance (maximum Youden’s index), and the 
sensitivity and specificity were 75.3% and 71.2%, respec-
tively. The positive and negative likelihood ratios (LR) at 
scores of 1, 2, and 3 were 1.26 and 0.19, 2.62 and 0.35, and 
13.2 and 0.62, respectively. For the clinical application, 

the scores were classified into three risk categories: low 
risk, 0–1; moderate risk, 2; and high risk, 3. The probabil-
ity of GPA in each category was 30.9%, 63.8%, and 94.4% 
in the low-, moderate-, and high-risk categories, respec-
tively (Fig. 2).

Discussion
In this study, we developed a novel scoring model based 
only on objective findings for predicting GPA in adults. 
We successfully identified three independent predictors 
for GPA using univariate and multivariate logistic regres-
sion analyses: CRP, the maximal outer diameter of the 

Table 3  Scoring Model of Prediction for GPA
Variables Regression 

coefficient
Score

CRP ≥ 7 (mg/dL) 1.73 1

Maximal outer diameter of the 
appendix ≥ 13 (mm)

1.129 1

Presence of appendiceal fecalith 1.137 1

Total 0–3
GPA, gangrenous/perforated appendicitis; CRP, C-reactive protein

Table 4  Diagnostic Performance of Each Score in the Scoring 
Model for GPA
Score Num-

ber of 
patients

Sensi-
tivity 
(%)

Speci-
ficity 
(%)

LR+ LR-

0 20 100 0 1 -

1 48 95.3 24.2 1.26 0.19

2 47 75.3 71.2 2.62 0.35

3 36 40 97 13.2 0.62
GPA, gangrenous/perforated appendicitis; LR+, positive likelihood ratio; LR-, 
negative likelihood

Fig. 1  Receiver operating characteristic (ROC) curve for the new scoring model. The area under the ROC curve (AUC) for the new scoring model was 
0.792 (95% CI, 0.721—0.863). CI, confidence interval
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appendix, and the presence of appendiceal fecalith on the 
basis of objective, serological, or radiological findings. 
A scoring model was developed based on the regression 
coefficients assigned to these independent predictors. 
To the best of our knowledge, only a few studies have 
reported a scoring model based solely on objective find-
ings for predicting GPA in adults.

In previous studies, various indicators have been 
reported to be predictors of GPA [13–21]. In this study, 
CRP as a serological marker and radiological findings 
such as the maximal outer diameter of the appendix and 
the presence of appendiceal fecalith were identified as 
independent predictors of gangrenous/perforated appen-
dicitis; these results are consistent with those of previous 
studies [13–21].

Previously, we reported that the maximal outer diam-
eter of the appendix and presence of appendiceal fecalith 
were associated with failure of non-operative manage-
ment in UA [22]. We considered that the presence of 
fecalith leads to an ongoing obstruction with subsequent 
outflow obstruction of the lumen of the appendix. This 
increases the intraluminal pressure with an increase in 
inflammation. In addition, the diameter of the appendix 
has been considered to increase with an increase in the 
intraluminal pressure, which is reported to lead to the 
progression of inflammation and to the development 
of complicated appendicitis and early perforation [23]. 
Thus, we believe that a larger diameter of the appendix 
and the presence of appendiceal fecalith are strongly 
associated with GPA and the failure of non-operative 
management in UA.

CRP, synthesized primarily by the liver in response to 
inflammatory cytokines (interleukin-6, interleukin-8, 

and tumor necrosis factor-α), is one of the most fre-
quently used inflammatory markers in clinical practice 
and is released following either an infection, inflamma-
tion, or tissue damage [24]. In acute infection, elevated 
CRP levels are generally associated with a high degree of 
inflammation [25], and the value of CRP reflects ongo-
ing inflammation and/or tissue damage [24]. Therefore, 
we believe that elevated CRP levels are associated with 
GPA where there is ongoing inflammation. The level of 
elevated CRP corresponds to the time of the onset of 
inflammation and peaks around 48 h [24]. Several stud-
ies have reported that a longer duration of symptoms is 
associated with complicated acute appendicitis [14, 16, 
17]. Taking these facts into consideration, we speculate 
that the increase in CRP levels reflects the time from the 
onset of inflammation and is associated with GPA.

In this study, we did not analyze variables of poor 
objectivity and reproducibility, such as the severity 
of pain, duration of symptoms, vital signs, and physi-
cal examination findings. Three variables in our scoring 
model, namely, CRP ≥ 7 mg/dL, the maximal outer diam-
eter of the appendix ≥ 13 mm, and the presence of appen-
diceal fecalith are not only objective and reproducible, 
but can also be obtained with ease from routine labora-
tory tests and CT that are performed in most hospitals. 
The AUC of our new scoring model was 0.792 (95% CI, 
0.721–0.863), indicating good diagnostic accuracy in pre-
dicting GPA. To validate our scoring model, we applied 
it to eligible patients who underwent emergency surgery 
in 2022 at our hospital. The resulting AUC was 0.782 
(95%CI: 0.511-1.000), similar to the present study (data 
not shown). In addition, we examined two scoring mod-
els (including CT findings) from previous studies for 
comparison to the cases in our study using ROC analy-
sis. The AUC of Ateme‘s model and Imaoka’s model were 
0.792 (95%CI: 0.72–0.864) and 0.719 (95%CI: 0.637–
0.801), respectively, with which our scoring model was 
comparable [14, 18].

Our scoring model may help in identifying patients 
with GPA in clinical practice. In addition, because of 
the objectivity and reproducibility of this model, it can 
be applied to patients who have difficulty with provid-
ing accurate clinical history or undergoing an abdomi-
nal examination, such as older people and those with 
impaired consciousness. At a score of 2, our model 
showed the best performance for the prediction of GPA, 
with the maximum Youden index. Moreover, a score of 1 
had a sensitivity of 94% and a negative LR of 0.19; there-
fore, a score of 0 may be helpful in ruling out GPA appen-
dicitis. Conversely, a score of 3 with a specificity of 97% 
and a positive LR of 13.2 may be helpful in diagnosing 
GPA. In risk stratification for clinical use, non-operative 
management may be selected in patients with low risk 
(a score of 0 and 1) under careful monitoring, whereas 

Fig. 2  Risk category based on the probability of gangrenous/perforated 
appendicitis. The probability of gangrenous/perforated appendicitis in 
low, moderate, and high-risk categories were 30.9%, 63.8%, and 94.4%, 
respectively
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immediate appendectomy should be considered in those 
who are at high risk (a score of 3) of progressing to severe 
inflammation. With moderate risk (a score of 2), the 
treatment should be carefully selected, keeping in mind 
that non-operative management may not be successful.

This study had several limitations. Our study was a 
single-center retrospective study with a small sample size 
of Japanese patients. Additionally, our model has a risk 
of overfitting, and it has not been validated externally.
　Thus, we consider that prospective studies with large 
sample sizes including different populations other than 
Japanese patients are needed to confirm the usefulness of 
our model and verify its applicability to a wide range of 
patients in clinical practice.

Conclusion
In summary, we developed a novel scoring model for the 
prediction of GPA in adults by using objective and repro-
ducible variables (CRP, maximal outer diameter of the 
appendix, and presence of appendiceal fecalith) that are 
readily available with ease from laboratory testing and 
CT scans. Thus, our scoring model can be easily used in 
clinical practice in most hospitals and even in difficult 
settings. Our scoring model may identify GPA with good 
diagnostic accuracy and help in judging the degree of 
urgency and deciding the plan of management.

List of abbreviations
ROC	� Receiver operating characteristic
CT	� Computed tomography
GPA	� Gangrenous/perforated appendicitis
UA	� Uncomplicated appendicitis
CRP	� C-reactive protein
AUC	� Area under the curve

Acknowledgements
Not applicable.

Author contributions
Study conception and design were performed by TK, EH, and SK. All authors 
contributed to data collection. Analysis of data and writing draft of the 
manuscript was by TK. All authors read and approved the final manuscript.

Funding
No funding was received for conducting this study.

Availability of data and materials
All data generated or analyzed during this study are included in this article. 
Further inquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Tokyo Medical University Hachioji Medical 
Center Ethics Committee, and informed consent was obtained in the form of 
an opt-out. All methods were conducted in accordance with the principles 
outlined in the 1964 Declaration of Helsinki and its later amendments.

Consent for publication
Not applicable.

Competing interests
 The authors declare that they have no competing interests.

Received: 3 October 2022 / Accepted: 15 April 2023

References
1.	 Stewart B, Khanduri P, McCord C, Ohene-Yeboah M, Uranues S, Vega Rivera F, 

et al. Global disease burden of conditions requiring emergency surgery. Br J 
Surg. 2014;101:e9–22.

2.	 Buckius MT, McGrath B, Monk J, Grim R, Bell T, Ahuja V. Changing epidemiol-
ogy of acute appendicitis in the United States: study period 1993–2008. J 
Surg Res. 2012;175:185–90.

3.	 Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A, et al. 
Diagnosis and treatment of acute appendicitis: 2020 update of the WSES 
Jerusalem guidelines. World J Emerg Surg. 2020;15:27.

4.	 Salminen P, Paajanen H, Rautio T, Nordström P, Aarnio M, Rantanen T, et al. 
Antibiotic therapy vs appendectomy for treatment of uncomplicated acute 
appendicitis: the APPAC randomized clinical trial. JAMA. 2015;313:2340–8.

5.	 Salminen P, Tuominen R, Paajanen H, Rautio T, Nordström P, Aarnio M, et al. 
Five-year follow-up of antibiotic therapy for uncomplicated acute appendici-
tis in the APPAC randomized clinical trial. JAMA. 2018;320:1259–65.

6.	 Shekarriz S, Keck T, Kujath P, Shekarriz J, Strate T, Keller R, et al. Comparison of 
conservative versus surgical therapy for acute appendicitis with abscess in 
five german hospitals. Int J Colorectal Dis. 2019;34:649–55.

7.	 Watanabe R, Otsuji A, Nakamura Y, Higuchi T, Takahashi A, Saito T, et al. 
Superior outcomes (but at higher costs) of non-operative management 
with interval appendectomy over immediate surgery in appendicitis with 
abscess: results from a large adult population cohort. Asian J Endosc Surg. 
2020;13:186–94.

8.	 Mima K, Miyanari N, Itoyama R, Nakao Y, Kato R, Shigaki H, et al. Interval 
laparoscopic appendectomy after antibiotic therapy for appendiceal abscess 
in elderly patients. Asian J Endosc Surg. 2020;13:311–8.

9.	 Maxfield MW, Schuster KM, Bokhari J, McGillicuddy EA, Davis KA. Predictive 
factors for failure of nonoperative management in perforated appendicitis. J 
Trauma Acute Care Surg. 2014;76:976–81.

10.	 Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT. Acute appendici-
tis: modern understanding of pathogenesis, diagnosis, and management. 
Lancet. 2015;386:1278–87.

11.	 Young KA, Neuhaus NM, Fluck M, Blansfield JA, Hunsinger MA, Shabahang 
MM, et al. Outcomes of complicated appendicitis: is conservative manage-
ment as smooth as it seems? Am J Surg. 2018;215:586–92.

12.	 Nimmagadda N, Matsushima K, Piccinini A, Park C, Strumwasser A, Lam L, et 
al. Complicated appendicitis: Immediate operation or trial of nonoperative 
management? Am J Surg. 2019;217:713–7.

13.	 Eddama M, Fragkos KC, Renshaw S, Aldridge M, Bough G, Bonthala L, et al. 
Logistic regression model to predict acute uncomplicated and complicated 
appendicitis. Ann R Coll Surg Engl. 2019;101:107–18.

14.	 Atema JJ, van Rossem CC, Leeuwenburgh MM, Stoker J, Boermeester MA. 
Scoring system to distinguish uncomplicated from complicated acute 
appendicitis. Br J Surg. 2015;102:979–90.

15.	 Kang CB, Li WQ, Zheng JW, Li XW, Lin DP, Chen XF, et al. Preoperative 
assessment of complicated appendicitis through stress reaction and clinical 
manifestations. Med (Baltim). 2019;98:e15768.

16.	 Geerdink TH, Augustinus S, Atema JJ, Jensch S, Vrouenraets BC, de Castro 
SMM. Validation of a scoring system to distinguish uncomplicated from 
complicated appendicitis. J Surg Res. 2021;258:231–8.

17.	 García-Amador C, Arteaga Peralta V, de la Plaza Llamas R, Torralba M, Medina 
Velasco A, Ramia JM. Evaluation of preoperative clinical and serological 
determinations in complicated acute appendicitis: a score for predicting 
complicated appendicitis. Cir Esp (Engl). 2021;99:282–8.

18.	 Imaoka Y, Itamoto T, Takakura Y, Suzuki T, Ikeda S, Urushihara T. Validity of 
predictive factors of acute complicated appendicitis. World J Emerg Surg. 
2016;11:48.

19.	 Xu T, Zhang Q, Zhao H, Meng Y, Wang F, Li Y, et al. A risk score system for 
predicting complicated appendicitis and aid decision-making for antibiotic 
therapy in acute appendicitis. Ann Palliat Med. 2021;10:6133–44.



Page 7 of 7Kobayashi et al. BMC Gastroenterology          (2023) 23:198 

20.	 Qi FQ, Zhang B. Clinical significance of C-reactive protein levels in the 
determination of pathological type of acute appendicitis. Int J Clin Exp Med. 
2015;8:13887–90.

21.	 Sasaki Y, Komatsu F, Kashima N, Suzuki T, Takemoto I, Kijima S, et al. Clinical 
prediction of complicated appendicitis: a case-control study utilizing logistic 
regression. World J Clin Cases. 2020;8:2127–36.

22.	 Kobayashi T, Hidaka E, Koganezawa I, Nakagawa M, Yokozuka K, Ochiai S, et al. 
Prediction model for failure of nonoperative management of uncomplicated 
appendicitis in adults. World J Surg. 2021;45:3041–7.

23.	 Alaedeen DI, Cook M, Chwals WJ. Appendiceal fecalith is associated with 
early perforation in pediatric patients. J Pediatr Surg. 2008;43:889–92.

24.	 Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin Invest. 
2003;111:1805–12.

25.	 Ticinesi A, Lauretani F, Nouvenne A, Porro E, Fanelli G, Maggio M, et al. 
C-reactive protein (CRP) measurement in geriatric patients hospitalized for 
acute infection. Eur J Intern Med. 2017;37:7–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Development of a scoring model based on objective factors to predict gangrenous/perforated appendicitis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿Study variables
	﻿Statistical analyses

	﻿Results
	﻿Comparisons between GPA and UA groups using univariate and multivariate analyses
	﻿Development of a scoring model for the prediction of GPA

	﻿Discussion
	﻿Conclusion
	﻿References


