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Abstract

Background—As non-operative management of appendicitis gains popularity, vigilance for 

appendiceal tumors becomes increasingly important. We hypothesized that among patients 

presenting with acute appendicitis, those with advanced age, multiple comorbidities, atypical 

presentation, and complicated appendicitis would be more likely to have underlying appendiceal 

tumors.

Methods—We performed a 4-year retrospective cohort analysis of 677 consecutive adult patients 

who underwent appendectomy for appendicitis at our tertiary care center. Patients with an 

appendiceal tumor on their final pathology report were compared to patients with no tumor. 

Conditions present on admission were used to create a multivariate logistic regression model to 

predict appendiceal tumor. Risk factors were reported as odds ratio (OR) [95% confidence 

interval]. Model strength was assessed by area under the receiver operating characteristic curve 

(AUROC).

Results—Seventeen patients (2.5%) had an appendiceal tumor. Within this group, fourteen 

underwent immediate appendectomy, two initially had non-operative management but failed to 

improve on antibiotics and underwent appendectomy during the initial admission, and one had 

successful non-operative management and elective appendectomy 19 days after discharge. Four 

variables contributed to the multivariate model to predict the presence appendiceal tumor: age ≥50 

(OR 3.6 [1.1–11.4]), outpatient steroid/immunosuppressant use (OR 12.1 [2.0–72.5]), the absence 

of migratory right lower quadrant pain (OR 4.7 [1.2–18.1]), and the appearance of a phlegmon on 

CT scan (OR 7.0 [1.6–30.2]); model AUROC: 0.860 [0.705–0.969].
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Conclusions—For patients presenting with acute appendicitis, conditions present on admission 

may predict underlying appendiceal tumor. Patients with advanced age, multiple comorbidities, 

atypical presentation, and complicated appendicitis should be considered for appendectomy during 

the index admission or at earliest convenience if non-operative management is necessary.

Level of evidence—level III prognostic study
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Introduction

As non-operative management of appendicitis gains popularity (1–3), identification of 

patients who are at increased risk for appendiceal tumors becomes increasingly important. 

Data from the National Cancer Institute’s Surveillance, Epidemiology, and End-Results 

(SEER) project demonstrate 5-year survival ranging from 93% for carcinoid tumors to 55% 

for colonic-type adenocarcinoma and 27% for signet ring adenocarcinoma (4). The age-

adjusted incidence of appendix cancer was only 0.12 cases per 1 million people per year, 

accounting for less than 0.5% of all gastrointestinal malignancies (5). Although appendiceal 

tumors are rare, the lifetime incidence of acute appendicitis is about 7.7% in the United 

States (6). Therefore, appendiceal tumors are commonly found incidentally on 

appendectomy specimens from patients who presented with acute appendicitis. The 

incidence of appendiceal tumor on appendectomy specimens from patients who presented 

with acute appendicitis ranges from 0.9%–1.7% (7, 8).

Non-operative management of acute appendicitis may increase the likelihood that patients 

are subjected to longer delays in the diagnosis of underlying appendiceal cancer. Within the 

last four years, three institutions (9–11) have reported alarmingly high rates of appendiceal 

tumors (12.4%, 27.7%, and 29.4%) found incidentally on interval appendectomy specimens 

from patients who presented with acute appendicitis and were initially treated with non-

operative management. This scenario may be avoided if patients at increased risk for 

appendiceal cancer could be identified when they first present with appendicitis. Several 

studies (9–11) have identified advanced age as a risk factor for appendiceal cancer. 

Unfortunately, patient age lacks sensitivity and specificity, and the relative importance of 

other risk factors are unclear, though several candidates have been identified: female gender 

(12), appendiceal perforation (12), Crohns disease (13), longer duration of symptoms (14), 

and anemia on admission (14).

The purposes of this study were to identify conditions present on admission that are 

associated with the incidental finding of an appendiceal tumor following appendectomy for 

appendicitis and to use these variables to generate a clinical prediction model. We 

hypothesized that among patients presenting with acute appendicitis, those with advanced 

age, multiple comorbidities, atypical presentation, and complicated appendicitis would be 

more likely to have underlying appendiceal tumors.
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Methods

We performed a retrospective cohort analysis of 677 consecutive adult patients (age ≥ 18 

years) who underwent appendectomy for acute appendicitis at our tertiary care academic 

center during a 4-year period ending 7/1/2016. Institutional Review Board approval was 

obtained. Pregnant women and patients who had received chemotherapy or radiotherapy 

within 90 days were excluded. Data regarding patient demographics, comorbidities, clinical 

presentation, systemic inflammatory response syndrome criteria (15), the modified Alvarado 

score (16–18), computed tomography (CT) imaging findings (19), operative findings, 

pathology findings, tumor stage (20), and outcomes within 90 days were obtained from our 

institutional data repository and review of the electronic medical record.

The primary outcome was the incidental finding of an appendiceal tumor on the final 

pathology report. Patients with an appendiceal tumor were compared to patients with no 

tumor. Continuous variables were compared by the Kruskal-Wallis test and reported as 

median [interquartile range]. Discrete variables were compared by Fisher’s Exact test and 

reported as n (%). Conditions present on admission that were significantly different (p < 

0.05) between groups were assessed for the ability to predict the presence of an appendiceal 

tumor on univariate logistic regression. Cutoff values for continuous variables were 

determined by Youden’s index, coordinating points on the receiver operating characteristic 

curve to identify a value with high sensitivity and reasonable specificity for predicting 

appendiceal tumor (21). Variables were selected for inclusion in the multivariate model 

based on clinical relevance and collinearity to other variables, assessed by Pearson’s r. 

Model strength was assessed by calculating the area under the receiver operating 

characteristic curve. Statistical analysis was performed in SPSS (version 23, IBM, Armonk, 

NY).

Results

Study population

Seventeen patients (2.5%) presented with acute appendicitis and were found to have an 

appendiceal tumor; 660 patients had no tumor. Baseline characteristics for both groups are 

listed in Table 1. Patients with a tumor were older (53 vs. 30 years, p = 0.001), had higher 

American Society of Anesthesiologists class and Charlson comorbidity index scores, and 

were more likely to have an outpatient prescription for chronic steroid or 

immunosuppressant medications. A greater proportion of patients with a tumor were female, 

though the difference was not statistically significant (71% vs. 49%, p = 0.089). Systemic 

inflammatory response syndrome criteria were similar between groups. Modified Alvarado 

scores were one point lower in patients with tumor (6.0 vs. 7.0, p = 0.074), a difference that 

was primarily attributable to the observation that patients with a tumor were less likely to 

present with classic migratory right lower quadrant pain (24% vs. 63%, p = 0.002). On 

subgroup analysis, admission hemoglobin was significantly lower among patients with 

tumor stage II or greater (n=10) compared to all other patients (13.6 vs. 14.2 g/dL, p = 

0.048).
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Diagnostic findings

Findings on admission computed tomography (CT) scan, operative exploration, and 

pathologic examination of the appendectomy specimen are listed in Table 2. Findings from 

CT scans performed at an outside facility (n = 3 for the tumor group, n = 59 for the no tumor 

group) were not consistently reported and were not included in the analysis. Appendiceal 

diameter was one millimeter greater in patients with a tumor, a difference that was not 

statistically significant (12 vs. 11 mm, p = 0.060). CT scan evidence of a phlegmon was 

more frequent in the tumor group (21% vs. 4%, p = 0.013). Suspicious masses were 

identified on CT scans for three patients in the tumor group (21%) and two patients in the no 

tumor group (0.3%, p < 0.001). All five masses seen on CT scan were also visualized 

intraoperatively. Suspicious masses were identified in the operating room for six patients in 

the tumor group and two patients in the no tumor group (p < 0.001). Ileocecectomy was the 

index operation for one patient in the tumor group and eight patients in the no tumor group; 

right hemicolectomy was the index operation for four patients in the tumor group and five 

patients in the no tumor group. For all cases in which ileocecectomy or right hemicolectomy 

was performed in the absence of an apparent mass, it was noted that inflamed, friable tissue 

was extending onto the base of the cecum, and was deemed unsuitable for a staple line.

Outcomes

Hospital length of stay was significantly longer in the tumor group (3.0 vs. 1.2 days, p = 

0.039). At the time of discharge, patients with appendiceal tumors had lower white blood 

cell counts (8.3 vs. 9.8 ×109/L, p = 0.040) and hemoglobin levels (12.1 vs. 13.0 g/dL, p = 

0.024). Although rates of infectious complications were similar between groups (6% vs. 6%, 

p > 0.999), patients with appendiceal tumor were more likely to be readmitted within 90 

days (35% vs. 6%, p = 0.001), which was attributable to oncologic status. Of the six patients 

in the tumor group who were readmitted within 90 days, five were readmitted for right 

hemicolectomy, and one was readmitted for drug-induced angioedema.

Of the 17 patients with appendiceal tumors, 16 underwent appendectomy during the initial 

admission; one patient initially had non-operative management and underwent interval 

elective appendectomy 19 days after discharge. Two of the 16 patients who underwent 

appendectomy during their initial admission had a trial of non-operative management, but 

did not respond to antibiotic therapy and required appendectomy 23 and 94 hours after 

admission. On final pathology reports, there were seven pre-malignant tumors (four 

carcinoids and three goblet cell carcinoids) and 10 malignant tumors (five adenocarcinomas, 

two mucinous adenocarcinomas, one signet ring adenocarcinoma, one adenosquamous 

carcinoma, and one B-cell lymphoma) with stages as follows: stage I: n = 7, stage II: n = 3, 

stage III: n = 5, stage IV: n = 2. Six patients with an appendiceal tumor had previous 

colonoscopies. For two of these patients, colonoscopy was performed within four months of 

appendectomy, but the bowel preparation was poor, and the base of the cecum was not 

adequately visualized. The other four colonoscopies were performed 91 days (0.5 cm 

tumor), 281 days (3.0 cm tumor), 2.5 years (1.0 cm tumor), and 9.6 years (4.0 cm tumor) 

before appendectomy, and no cecal polyps or masses were visualized. There were five 

patients age 50 or greater with an appendiceal tumor that never had a colonoscopy. In this 
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group of patients, tumor sizes were 1.5, 3.5, 4.5, 10.0, and 11.0 cm. Four of these patients 

had stage III appendix cancer and one patient had stage IV appendix cancer.

Prediction model

Eight variables that were significantly different between groups are listed as univariate 

predictors of appendiceal tumor in Table 3. Four of these eight variables were excluded from 

the multivariate model. ASA physical status classification ≥3 was collinear with age (r = 

0.525, p < 0.001) and steroid/immunosuppressant use (r = 0.109, p = 0.005). Charlson 

comorbidity index ≥3 was also collinear with age (r = 0.282, p < 0.001) and steroid/

immunosuppressant use (r = 0.123, p = 0.001). Former smoker status was excluded because 

the greater proportion former smokers in the tumor group (35% vs. 15%, p = 0.040) was 

partially offset by a greater proportion of active smokers in the no tumor group (20% vs. 

12%, p = 0.548), such that patients in the tumor group may have been more likely to have 

quit smoking because they were older. This interpretation is supported by the observed 

collinearity between former smoker status and age (r = 0.247, p < 0.001). Finally, the 

presence of a suspicious mass on CT scan was excluded because this finding alone 

sufficiently raises suspicion for tumor, obviating the need for a model to predict the presence 

of a tumor.

The remaining four variables each contributed significantly to the multivariate model: age 

≥50 (OR 3.6 [1.1–11.4]), outpatient steroid/immunosuppressant use (OR 12.1 [2.0–72.5]), 

the absence of migratory right lower quadrant pain (OR 4.7 [1.2–18.1]), and the appearance 

of a phlegmon on CT scan (OR 7.0 [1.6–30.2]). The multivariate model correctly classified 

97.9% of all cases, and had area under the receiver operating characteristic curve 0.860 

(95% CI 0.705–0.969) with sensitivity 92.3% and specificity 59.9% for predicting 

appendiceal tumor.

Discussion

Our findings suggest that several factors are associated with appendiceal tumors among 

patients presenting with acute appendicitis. Consideration of these risk factors may help to 

avoid the scenario in which a patient with a pre-malignant or malignant tumor is allocated to 

non-operative management followed by a long delay before interval elective appendectomy, 

or worse: the patient seeks no further medical care until the tumor has progressed, 

manifested by bleeding, obstruction, or carcinomatosis.

To our knowledge, we report the first multivariate prediction model for appendiceal tumor. 

However, our findings are consistent with previous reports, which have identified age 

advanced age and complicated appendicitis as risk factors for the presence of an appendiceal 

tumor (9–11). Although the proportion of females in the tumor group was not significantly 

higher, this study may have been underpowered to detect a true difference, as observed by 

Sadot et al (12). The same explanation may apply to the association between Crohns disease 

and appendiceal tumor, as observed by West et al (13). Although admission hemoglobin was 

not significantly lower among patients with appendiceal tumor compared to patients with no 

tumor, subgroup analysis demonstrated that patients with stage II or greater tumors did have 

significantly lower hemoglobin on admission, consistent with data from Todd et al (14). 
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Notably, most tumors were not identified on preoperative CT. This may have been because 

many tumors were small, tumors lacking calcifications may have been difficult to distinguish 

from an inflammatory mass, and even carcinoid tumors may be hypovascular in up to 20% 

of all cases (22, 23). Finally, although patients who had received chemotherapy or 

radiotherapy within 90 days were excluded from our study, it should be noted that patients 

with a known cancer who present with appendicitis may be at increased risk for appendiceal 

malignancy (24).

This study is limited by its retrospective design, small sample size (n=677), and lack of 

long-term follow up. The selection bias inherent to retrospective studies was limited as much 

as possible by including all consecutive patients who met relatively broad inclusion criteria. 

Although sample size is a limiting factor, the small number of patients in this study allowed 

for a reasonable degree of granularity by supplementing data repository parameters with a 

detailed review of the electronic medical record. Validation in a large, prospective, multi-

center dataset would be necessary to avoid overfitting and ensure broad generalizability. 

Ideally, prediction models should be validated in a sample size containing at least 100 events 

and 100 non-events (25, 26). Assuming that appendiceal tumors will be found on 

approximately 1.3% of all appendectomy specimens from patients presenting with 

appendicitis (7, 8), robust validation of this model would require a series of 7,692 

appendectomies (7, 8). This endeavor may help to ensure the appropriate application of non-

operative management and emphasize the importance of early interval appendectomy for 

patients at increased risk for appendiceal tumor.

Conclusions

Conditions present on admission may accurately predict the presence of an appendiceal 

tumor for patients presenting with acute appendicitis. Independent risk factors include 

advanced age, outpatient steroid/immunosuppressant use, the absence of migratory right 

lower quadrant pain, and the appearance of a phlegmon on CT scan. Patients with these risk 

factors should be advised to undergo appendectomy at the index admission or at earliest 

convenience if non-operative management is necessary. These findings should be validated 

in a large, prospective, multi-center dataset.

Acknowledgments

The authors were supported in part grants R01 GM105893-01A1 (AMM) and P50 GM111152–01 (PAE, FAM, 
SCB, AMM) awarded by the National Institute of General Medical Sciences (NIGMS). TJL and SLR were 
supported by a post-graduate training grant (T32 GM-08721) in burns, trauma and perioperative injury by NIGMS. 
Research reported in this publication was supported by the National Center for Advancing Translational Sciences of 
the National Institutes of Health under Award Number UL1TR001427.

References

1. Kadera SP, Mower WR, Krishnadasan A, Talan DA. Patient perspectives on antibiotics for 
appendicitis at one hospital. J Surg Res. 2016; 201(2):253–7. [PubMed: 27020804] 

2. Di Saverio S, Sibilio A, Giorgini E, Biscardi A, Villani S, Coccolini F, Smerieri N, Pisano M, 
Ansaloni L, Sartelli M, et al. The NOTA Study (Non Operative Treatment for Acute Appendicitis): 
prospective study on the efficacy and safety of antibiotics (amoxicillin and clavulanic acid) for 
treating patients with right lower quadrant abdominal pain and long-term follow-up of 

Loftus et al. Page 6

J Trauma Acute Care Surg. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



conservatively treated suspected appendicitis. Ann Surg. 2014; 260(1):109–17. [PubMed: 
24646528] 

3. McCutcheon BA, Chang DC, Marcus LP, Inui T, Noorbakhsh A, Schallhorn C, Parina R, Salazar 
FR, Talamini MA. Long-term outcomes of patients with nonsurgically managed uncomplicated 
appendicitis. J Am Coll Surg. 2014; 218(5):905–13. [PubMed: 24661850] 

4. Turaga KK, Pappas SG, Gamblin T. Importance of histologic subtype in the staging of appendiceal 
tumors. Ann Surg Oncol. 2012; 19(5):1379–85. [PubMed: 22302267] 

5. McCusker ME, Cote TR, Clegg LX, Sobin LH. Primary malignant neoplasms of the appendix: a 
population-based study from the surveillance, epidemiology and end-results program, 1973–1998. 
Cancer. 2002; 94(12):3307–12. [PubMed: 12115365] 

6. Addiss DG, Shaffer N, Fowler BS, Tauxe RV. The epidemiology of appendicitis and appendectomy 
in the United States. Am J Epidemiol. 1990; 132(5):910–25. [PubMed: 2239906] 

7. Connor SJ, Hanna GB, Frizelle FA. Appendiceal tumors: retrospective clinicopathologic analysis of 
appendiceal tumors from 7,970 appendectomies. Dis Colon Rectum. 1998; 41(1):75–80. [PubMed: 
9510314] 

8. Marudanayagam R, Williams GT, Rees BI. Review of the pathological results of 2660 
appendicectomy specimens. J Gastroenterol. 2006; 41(8):745–9. [PubMed: 16988762] 

9. Carpenter SG, Chapital AB, Merritt MV, Johnson DJ. Increased risk of neoplasm in appendicitis 
treated with interval appendectomy: single-institution experience and literature review. Am Surg. 
2012; 78(3):339–43. [PubMed: 22524774] 

10. Furman MJ, Cahan M, Cohen P, Lambert LA. Increased risk of mucinous neoplasm of the 
appendix in adults undergoing interval appendectomy. JAMA Surg. 2013; 148(8):703–6. 
[PubMed: 23740174] 

11. Wright GP, Mater ME, Carroll JT, Choy JS, Chung MH. Is there truly an oncologic indication for 
interval appendectomy? Am J Surg. 2015; 209(3):442–6. [PubMed: 25543294] 

12. Sadot E, Keidar A, Shapiro R, Wasserberg N. Laparoscopic accuracy in prediction of appendiceal 
pathology: oncologic and inflammatory aspects. Am J Surg. 2013; 206(5):805–9. [PubMed: 
24016703] 

13. West NE, Wise PE, Herline AJ, Muldoon RL, Chopp WV, Schwartz DA. Carcinoid tumors are 15 
times more common in patients with Crohn’s disease. Inflamm Bowel Dis. 2007; 13(9):1129–34. 
[PubMed: 17538985] 

14. Todd RD, Sarosi GA, Nwariaku F, Anthony T. Incidence and predictors of appendiceal tumors in 
elderly males presenting with signs and symptoms of acute appendicitis. Am J Surg. 2004; 188(5):
500–4. [PubMed: 15546558] 

15. Davies MG, Hagen PO. Systemic inflammatory response syndrome. Br J Surg. 1997; 84(7):920–
35. [PubMed: 9240130] 

16. Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann Emerg Med. 1986; 
15(5):557–64. [PubMed: 3963537] 

17. Kalan M, Talbot D, Cunliffe WJ, Rich AJ. Evaluation of the modified Alvarado score in the 
diagnosis of acute appendicitis: a prospective study. Ann R Coll Surg Engl. 1994; 76(6):418–9. 
[PubMed: 7702329] 

18. Howell JM, Eddy OL, Lukens TW, Thiessen ME, Weingart SD, Decker WW. American College of 
Emergency P. Clinical policy: Critical issues in the evaluation and management of emergency 
department patients with suspected appendicitis. Ann Emerg Med. 2010; 55(1):71–116. [PubMed: 
20116016] 

19. Pinto Leite N, Pereira JM, Cunha R, Pinto P, Sirlin C. CT evaluation of appendicitis and its 
complications: imaging techniques and key diagnostic findings. AJR Am J Roentgenol. 2005; 
185(2):406–17. [PubMed: 16037513] 

20. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th edition of the AJCC 
cancer staging manual and the future of TNM. Ann Surg Oncol. 2010; 17(6):1471–4. [PubMed: 
20180029] 

21. Youden WJ. Index for rating diagnostic tests. Cancer. 1950; 3(1):32–5. [PubMed: 15405679] 

22. Ganeshan D, Bhosale P, Yang T, Kundra V. Imaging features of carcinoid tumors of the 
gastrointestinal tract. AJR Am J Roentgenol. 2013; 201(4):773–86. [PubMed: 24059366] 

Loftus et al. Page 7

J Trauma Acute Care Surg. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Emre A, Akbulut S, Bozdag Z, Yilmaz M, Kanlioz M, Emre R, Sahin N. Routine histopathologic 
examination of appendectomy specimens: retrospective analysis of 1255 patients. Int Surg. 2013; 
98(4):354–62. [PubMed: 24229023] 

24. Santos D, Chiang YJ, Badgwell B. Appendicitis in Cancer Patients Is Often Observed and Can 
Represent Appendiceal Malignancy. Am Surg. 2016; 82(10):1028–32. [PubMed: 27779999] 

25. Vergouwe Y, Steyerberg EW, Eijkemans MJ, Habbema JD. Substantial effective sample sizes were 
required for external validation studies of predictive logistic regression models. J Clin Epidemiol. 
2005; 58(5):475–83. [PubMed: 15845334] 

26. Steyerberg EW, Bleeker SE, Moll HA, Grobbee DE, Moons KG. Internal and external validation of 
predictive models: a simulation study of bias and precision in small samples. J Clin Epidemiol. 
2003; 56(5):441–7. [PubMed: 12812818] 

Loftus et al. Page 8

J Trauma Acute Care Surg. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Loftus et al. Page 9

Table 1

Baseline characteristics for the study population.

Patient characteristics Tumor (n = 17) No tumor (n = 660) p

Age 53 [35–61] 30 [22–45] 0.001

Female 12 (71%) 323 (49%) 0.089

ASA physical status classification 2.0 [2.0–3.0] 2.0 [1.0–2.0] 0.023

Charlson comorbidity index 1.0 [0.0–4.5] 0.0 [0.0-0.0] <0.001

Crohns disease 1 (6%) 2 (0.3%) 0.074

Diabetes 3 (18%) 35 (5%) 0.064

 Without complications 2 (12%) 29 (4%) 0.180

 With complications 1 (6%) 6 (1%) 0.164

Steroid/immunosuppressant use 2 (12%) 11 (2%) 0.039

Body mass index 29.7 [23.8–32.6] 25.8 [22.6–30.0] 0.161

Former smoker 6 (35%) 102 (15%) 0.040

Current smoker 2 (12%) 130 (20%) 0.548

On admission

 Duration of symptoms (hours) 17 [8–66] 23 [12–45] 0.780

 Tmax within 6 hours 36.9 [36.8–37.3] 37.0 [36.8–37.3] 0.394

 Tmin within 6 hours 36.7 [36.5–36.9] 36.8 [36.5–37.0] 0.557

 Heart rate 80 [75–102] 86 [74–98] 0.764

 Respiratory rate 16 [15–18] 16 [16–18] 0.303

 White blood cell count (×109/L) 14.5 [9.0–18.0] 13.8 [10.7–16.8] 0.955

  % neutrophils 86.0 [69.6–90.0] 81.8 [75.0–87.5] 0.339

 SIRS 5 (29%) 214 (32%) >0.999

 Absolute neutrophil count (×109/L) 12.8 [4.7–15.9] 11.2 [8.1–14.3] 0.831

 Absolute lymphocyte count (×109/L) 1.2 [0.7–1.7] 1.4 [1.0–2.0] 0.192

  Neutrophil:lymphocyte ratio 8.9 [3.5–20.7] 8.1 [4.6–13.6] 0.773

 Hemoglobin (g/dL) 13.7 [13.0–14.4] 14.2 [13.1–15.2] 0.175

 Alvarado score 6.0 [4.0–7.0] 7.0 [6.0–7.0] 0.074

  Migratory RLQ pain 4 (24%) 416 (63%) 0.002

  Anorexia 15 (88%) 627 (95%) 0.218

  Nausea or vomiting 10 (59%) 501 (76%) 0.148

  RLQ tenderness 17 (100%) 651 (99%) >0.999

  Rebound tenderness 7 (41%) 242 (37%) 0.800

ASA: American Society of Anesthesiologists, SIRS: systemic inflammatory response syndrome, RLQ: right lower quadrant. Data are presented as 
median [interquartile range] or n (%).
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Table 2

Findings on admission computed tomography (CT), operative exploration, and pathologic examination.

Findings Tumor (n = 17) No tumor (n = 660) p

CT scan findings

 Had a CT scan 17 (100%) 656 (99%) >0.999

  CT performed at OSH† 3 (18%) 59 (9%) 0.198

 Intravenous contrast study 13 (93%) 568 (95%) 0.510

 Fat stranding 11 (79%) 477 (80%) >0.999

 Right lower quadrant fluid 7 (50%) 180 (30%) 0.141

 Appendicolith 4 (29%) 195 (33%) >0.999

 Appendix diameter (mm) 12 [11–14] 11 [9–13] 0.060

 Wall thickening 4 (29%) 126 (21%) 0.510

 Mural enhancement 2 (14%) 233 (39%) 0.092

 Phlegmon 3 (21%) 22 (4%) 0.013

 Abscess 0 23 (4%) >0.999

 Suspicious mass 3 (21%) 2 (0.3%) <0.001

Operative findings

 Suppuration 4 (24%) 94 (14%) 0.290

 Necrosis or gangrene 2 (12%) 68 (10%) 0.692

 Perforation 5 (29%) 106 (16%) 0.176

 Suspicious mass 6 (35%) 2 (0.3%) <0.001

Pathology findings

 Appendicitis 15 (88%) 641 (97%) 0.094

 Suppuration 2 (11%) 89 (13%) >0.999

 Necrosis or gangrene 4 (24%) 110 (17%) 0.507

†
Findings from outside hospital (OSH) CT scans were not consistently reported and were not included in the analysis. Data are presented as n (%) 

or median [interquartile range].
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