
Risk factors for the development of complicated 
appendicitis in adults

Objective: To investigate the patient’s history and physical examination information to find out risk factors associ-

ated with complicated appendicitis.

Material and Methods: Two hundred patients who were admitted with complicated appendicitis (including abscess, 

phlegmon, and generalized peritonitis) were retrieved from our database. Two hundred patients with non-compli-

cated acute appendicitis were randomly selected from the same period. These two groups were compared in terms 

of demographic characteristics, past medical history, and presenting symptoms. We made a multivariate analysis 

model using binary logistic regression and backward stepwise elimination. 

Results: Based on multivariate analysis, risk factors for complicated appendicitis included presenting with epigastric 

pain (OR=3.44), diarrhea (OR=23.4) or malaise (OR=49.7), history of RLQ pain within the past 6 months (OR=4.93), 

older age (OR=1.04), being married (OR=2.52), lack of anorexia (OR=4.63) and longer interval between onset of 

symptoms and admission (OR=1.46). Conversely, higher (academic) education was associated with decreased odds 

for complicated appendicitis (OR=0.26).

Conclusion: Our findings suggest that a surgeon’s clinical assessment is more reliable to make a judgment. “Bedside 

evaluation” is a useful, cheap, quick and readily available method for identifying those at risk for developing com-

plicated acute appendicitis.
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INTRODUCTION

Acute appendicitis and the subsequent appendectomy are the most familiar surgical phenomena for 

the general population and is considered a common surgical procedure (1). 

Appendicitis is the most common cause of non-traumatic acute abdominal pain (2), and the most com-

mon acute abdominal condition requiring surgery (3). Despite several studies on this issue (4-9), compli-

cated appendicitis (including abscess, phlegmon and generalized peritonitis) still leads to considerable 

morbidity and mortality rates worldwide, due to high life-time prevalence of acute appendicitis (3).

Several studies have tried to evaluate complicated appendicitis, its contributing factors, patients at risk, 

and its impact on healthcare resource utilization (1, 2, 10-15). Some of the proposed associations with 

this condition are diabetes mellitus (1, 2), duration of symptoms prior to surgery (16-18), extremes of 

age (11-13, 15, 17, 19), various laboratory markers (20-22) or other novel parameters, such as “intra-

abdominal pressure” (23), types of medical insurance (19), imaging findings (24) and the underlying 

pathology of inflamed appendix (25).

This study compared two groups of patients with complicated and non-complicated appendicitis in a 

sample of patients admitted to a referral academic hospital. It aimed to find any possible associated fac-

tor with complicated appendicitis. We sought to investigate the relevance of the common bits of infor-

mation in the patient’s history and physical examination to the outcome of acute appendicitis, which are 

gathered upon admission to the emergency department but are frequently neglected or downplayed 

against findings of sophisticated imaging methods. 

MATERIAL AND METHODS

Study Design

We designed a case-control study in order to compare various perceived risk factors among patients 

with complicated or non-complicated acute appendicitis. We sought to determine odds ratios for risk 

factors of developing complicated acute appendicitis. The institutional review board approved the 

study design and protocol. In addition, the ethics committee of our hospital approved the conduction 

of the study.
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Participants and Data collection

Data of 200 patients with complicated appendicitis who had 

presented to our hospital from September 2006 to Septem-

ber 2013 were collected retrospectively. Two hundred patients 

with non-complicated acute appendicitis with the closest 

date to the admission of complicated patients were selected. 

All patients were of Caucasian ethnicity. Due to the retrospec-

tive nature of the study, obtaining informed consent was not 

applicable.

During this period the attending physicians remained the 

same, resident and staff activities did not undergo any major 

changes, medical protocols and surgical procedures remained 

comparatively consistent.

The demographic information, medical history (including sign 

and symptoms, duration of symptoms before hospital admis-

sion, and previous medical treatment at outside centers), past 

medical history, physical examination findings, laboratory 

data, position of the appendix (based on surgical or imaging 

findings), and total length of hospital stay were collected for 

each patient.

Definitions

Complicated acute appendicitis was defined as the presence 

of either generalized peritonitis due to perforated appendi-

citis (based on surgical findings), or appendicular abscess or 

phlegmon (based on abdominopelvic CT scan). Gangrenous 

appendicitis without perforation was classified as a non-com-

plicated type.

Education levels were aggregated into a dichotomous variable 

(higher education) that was defined as holding an academic 

degree, i.e. education beyond high school. Monthly income 

strata were also aggregated into a dichotomous variable 

based on official poverty line at the time of admission. 

Statistical Analysis

Chi-square and independent sample t tests were used to 

compare categorical and continuous variables as indicated. 

Through the paper, p values <0.05 were considered as signifi-

cant. Binary logistic regression with backward step-wise elimi-

nation was used to determine risk factors and corresponding 

odds ratios. Factors with p values <0.05 in the univariate analy-

sis were entered in the multivariate model. Due to the co-lin-

earity among some variables, some of them were aggregated 

as combined variables.

RESULTS

The majority of our patients were males (73.2%), with an age 

distribution of 30.43±13.07 years. Patients with complicated 

appendicitis were significantly older, with higher income, low-

er level of education in themselves or in their family members, 

and more likely to be married. However, there was no signifi-

cant difference in gender, body mass index (BMI), and insur-

ance status (Table 1).

There were significant differences in the prevalence of diar-

rhea, epigastric pain, dysuria, urinary frequency, malaise and 

anorexia between patients with complicated and non-com-

plicated acute appendicitis in univariate analysis (p<0.05). 

Proportionally, more patients in the complicated group had 

a history of hypertension, diabetes mellitus, coronary artery 

disease and history of right lower quadrant (RLQ) pain during 

the past 6 months (p<0.001). Regarding physical examina-

tion findings, abdominal guarding and RLQ mass were more 

prevalent among those with complicated acute appendicitis 

(p<0.01) (Table 2). 

Of the 200 patients with complicated acute appendicitis, 103 

had perforated appendicitis with peritonitis, 32 had developed 

abscesses and 65 had phlegmon. Our findings suggested that 

the proportions of different appendix positions did not vary 

Table 1. Demographic characteristics in complicated and non-complicated appendicitis groups

  Complicated Non-complicated 

  n=200 n=200 p 

Gender Female 61 (30.5%) 46 (23.0%) 0.114

 Male 139 (69.5%) 154 (77.0%) 

Age (year), mean± SD  35.7±15.5 27±9.5 <0.001

BMI (kg/m2), mean±SD  25.2±4.9 25.2±4.2 0.906

Insurance With insurance 146 (73.0%) 136 (68.0%) 0.273

 No Insurance 54 (27.0%) 64 (32.0%) 

Monthly income Higher than poverty threshold 146 (73.0%) 118 (59.0%) 0.003

 Less than poverty threshold 54 (27.0%) 82 (41.0%) 

Study level Academic education 54 (27.0%) 103 (51.5%) <0.001

 High school or less 146 (73.0%) 97 (48.5%) 

Study level of family members* Academic education in at least one family member 32 (16.0%) 64 (32.0%) <0.001

 High school or less in family members 168 (84.0%) 136 (68.0%) 

Marital status Married 122 (61.0%) 74 (37.0%) <0.001

 Single/ Widowed/ Divorced 78 (39.0%) 126 (63.0%) 

*Patients’ parents and spouses were included as family members. BMI: body mass index; SD: standard deviation
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between the two group members. Peritonitis constituted the 

majority of complication assessments during surgery. There 

were significant differences in terms of interval between the 

onset of symptoms and hospital admission, presence of feca-

lith, and length of hospital stay (p<0.001) (Table 3). 

Analysis of the regression model suggested that patients 

with appendicitis who were married or had epigastric pain, 

diarrhea, malaise, lack of anorexia or a history of RLQ pain 

within the past 6 months had an increased odds of having 

complicated acute appendicitis. For each year of increase in 

a patient’s age, the odds of having complicated acute appen-

dicitis increased by 4%; for one day increase in the interval 

between onset of symptoms and admission, the odds of 

complication was increased by 45%. Patients with higher ed-

ucation had reduced odds of belonging to the complicated 

group (Table 4).

DISCUSSION

Acute appendicitis is a common entity with a relatively high 

rate of misdiagnosis (12-30%) (26, 27). Nevertheless, various 

studies on risk factors for complicated appendicitis suggest-

ed that health care providers all over the world desire to be 

able to predict cases with less favorable outcomes and to be 

prepared for such circumstances. Serum WBC counts have 

been used for the diagnosis of acute appendicitis (28), and 

several studies explored the application of laboratory values 

in differentiating complicated acute appendicitis (20-22, 29). 

Other studies used imaging modalities to identify compli-

cated cases (24), nonetheless it has been rightly argued (30) 

that both financial aspects of a modality and its subsequent 

effect on one’s clinical judgment should be taken into con-

sideration in such studies. In this regard, we focused on infor-

mation that could be gathered both easily and quickly by a 

health care professional. To the extent of our knowledge, no 

other published study has evaluated demographic proper-

ties and “bedside evaluation” in complicated acute appendi-

citis in adult patients in this manner.

The age dispersion of our patients was similar to other studies 

(1, 20, 22, 31). Females constituted a minority of our sample 

group; one explanation might be that women with acute ab-

domen are usually directed to other medical facilities by emer-

gency medical services, given the obstetric and gynecological 

pathologies leading to abdominal pain in women. Nonethe-

less, women were evenly distributed among two groups.

The socioeconomic status of populations have received at-

tention in health studies, both in the past and present (32-

34), where education, income and occupation have been 

considered as components of this parameter (34). Our find-

ings and comparisons among income and education levels, 

and intervals between onset of symptoms and hospital ad-

mission suggested that those with complicated acute ap-

pendicitis had lower education levels, and that they sought 

professional help after a longer interval probably because 

they favored self-treatment. Studies on adult populations 

have emphasized lower socio-economic status of patients 

(1, 2, 20, 22, 31) as compared to those focusing on pediat-

ric populations (18, 19); still, we found that those with lower 

education were at increased odds of having complications, 

which was in contrast to findings of another study regarding 

education of patients’ parents (18). On the other hand, unlike 

another study (19), we did not find any differences between 

insurance status and outcome in our patients; this difference 

could be explained by different policies of insurance compa-

nies regarding surgical operations. 

The logistic regression model suggested that by each unit 

increase in age or interval between onset of symptoms and 

admission to our center, odds of having complicated acute 

appendicitis slightly increased. Delayed admission to hos-

pital is a generally accepted contributor to complication in 

acute appendicitis (2, 16-18, 35).

Table 2. Clinical findings in complicated and non-complicated 

appendicitis groups

  Complicated Non-complicated 

  n=200 n=200 p 

Presenting symptoms

 Diarrhea 14 (7.0%) 1 (0.5%) 0.001

 Nausea 124 (62.0%) 113 (56.5%) 0.309

 Vomiting 123 (61.5%) 124 (62.0%) 1.00

 Epigastric pain 74 (37.0%) 41 (20.5%) <0.001

 Peri-umbilical pain 67 (33.5%) 79 (39.5%) 0.253

 Hypogastric pain 17 (8.5%) 14 (7.0%) 0.709

 Generalized abdominal pain 22 (11.0%) 17 (8.5%) 0.501

 Pain migration 86 (43.0%) 99 (49.5%) 0.229

 Pain radiation 22 (66.7%) 11 (33.3%) 0.068

 Localized RLQ pain 129 (46.5%) 138 (69.0%) 0.396

 Dysuria 15 (7.5%) 4 (2.0%) 0.017

 Frequency 11 (5.5%) 1 (0.5%) 0.006

 Malaise 31 (15.5%) 2 (1.0%) <0.001

 Anorexia 89 (44.5%) 138 (69.0%) <0.001

Past medical history

 Medical treatment at  24 (12.0%) 1 (0.5%) <0.001 

 other center 

 History of RLQ pain  61 (30.5%) 14 (7.0%) <0.001 

 during past 6 months 

 HTN 31 (15.5%) 7 (3.5%) <0.001

 CAD 18 (9.0%) 1 (0.5%) <0.001

 DM 22 (11.0%) 2 (1.0%) <0.001

Physical examination findings

 RLQ tenderness 176 (88.0%) 173 (86.5%) 0.765

 RLQ rebound tenderness 77 (38.5%) 90 (45.0%) 0.224

 Generalized abdominal  37 (18.5%) 26 (13.0%) 0.170 

 tenderness 

 Abdominal guarding 22 (11.0%) 9 (4.5%) 0.023

 RLQ mass 19 (9.5%) 0 <0.001

 Fever 57 (28.5%) 45 (22.5%) 0.207

CAD: coronary artery disease; DM: diabetes mellitus; HTN: hypertension; RLQ: 

right lower quadrant
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Compared to studies which emphasized more on physical 

examination findings and on history taking, the association 

between interval between onset of symptoms and admission 

were compatible with the findings of those studies (15-17). 

In contrast to other studies (1, 2, 17, 25), our findings failed 

to suggest any associations between types of pre-existing 

medical conditions and outcome of acute appendicitis; these 

inconsistencies could be partly explained by different preva-

lence of medical conditions in samples (1), different age dis-

tribution between studies (1), or different methodologies (2). 

In addition, the different age spectrum and focusing of some 

of these studies on pediatric population should be kept in 

mind while interpreting these results (17, 19).

Although all studies in this field relied partly upon clinical 

assessment of patients, we perceived that assessing a large 

number of physical examination findings and demographic 

information provided the present study a touch of novelty. 

The majority of variables in our model are those that could 

be obtained through organized and brief history taking and 

physical examination, and did not require special skills or 

expensive techniques or procedures. Application of some 

of these findings to practice needs further expansion of this 

study; still, our findings suggest that a surgeon’s clinical as-

sessment is more reliable in making a judgment. “Bedside 

evaluation” is a useful, cheap, quick and readily available 

method for identifying those at risk for developing com-

plicated acute appendicitis. The interval between onset 

of symptoms and admission was a modifiable risk factor 

based on our findings. Raising public awareness on this is-

sue could be a proper next step. Also, we propose that in 

patients who present with RLQ pain and have a number of 

risk factors suggested by this study (e.g. higher age with 

atypical symptoms like malaise, diarrhea, dysuria, epigas-

tric pain, and lack of anorexia), acute appendicitis should 

be considered in even less likely clinical settings, since the 

risk of misdiagnosis and subsequent complications can be 

higher. 

Our sample size was relatively large and we used variables 

that seemed to be important but were not reported in other 

studies; still, including so many variables in the regression 

model necessitates even a larger sample size. Further stud-

ies to show the reproducibility of our findings are warrant-

ed. Presenting the findings of similar studies in this field in 

a systematic review could be another useful step.

Table 3. Para-clinical and surgical findings of complicated and non-complicated appendicitis groups

  Complicated Non-complicated 

  n=200 n=200 p 

Interval between onset of symptoms and admission (day) 5.5±5 2.33±2.2 <0.001

Fecalith within the appendix  13 (6.5%) 0 <0.001

Position of the appendix Pelvic 21 (10.5%) 13 (6.5%) 

 Retroileal 20 (10.0%) 20 (10.0%) 

 Retrocecal 113 (56.5%) 119 (59.5%) 
0.556

 Free pericolic 46 (23.0%) 48 (24.0%) 

Total hospital stay (day)  5.9±2.7 2.9±1.6 <0.001

All p values are two-tailed; Fisher’s exact test and independent samples t test have been used, as indicated. Values were expressed as means± standard 

deviations or percentages, as indicated.

Table 4. Risk factors predicting complicated appendicitis by multivariate logistic regression analysis

                                           95% CI

 p  Odds ratio Lower limit Upper limit

Age (year) 0.002 1.044 1.016 1.074

Higher education status <0.001 0.257 0.136 0.485

Interval between onset of symptoms and admission (day) <0.001 1.462 1.271 1.682

Being married 0.005 2.517 1.313 4.825

Diarrhea 0.029 23.388 1.384 395.156

Epigastric pain <0.001 3.437 1.814 6.514

Dysuria 0.056 4.74 0.958 23.46

Malaise <0.001 49.732 7.125 347.104

Lack of anorexia <0.001 4.633 2.456 8.74

History of RLQ pain during the past six months 0.001 4.934 1.998 12.187

CAD 0.082 8.852 0.756 103.602

BMI: body mass index; CAD: coronary artery disease; CI: confidence interval; RLQ: right lower quadrant
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CONCLUSION

Complicated appendicitis may occur more in patients with 

atypical symptoms (epigastric pain, diarrhea, malaise, lack of 

anorexia, and history of chronic RLQ pain), those who are old-

er, married, without higher education or with a longer interval 

from the onset of symptoms to admission. Patients with these 

factors and suspicion for appendicitis should be evaluated, ad-

vised and followed-up in a vigorous way not to be overlooked. 

Furthermore, “bedside evaluation” is a useful, cheap, quick and 

readily available method for identifying those at risk for devel-

oping complicated acute appendicitis. 
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