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Background: Complicated appendicitis (CA) is defined as perforated appendicitis, peritonitis, peri-appendicular abscess, or appen-
dicular mass. One-third of patients who develop appendicitis are diagnosed with CA at presentation. Studies regarding the prevalence
of CA are lacking in low-income countries, and the characteristics of patients presented with CA are incoherently identified.
Objective: To assess the prevalence and the significant characteristics associated with CA among patients admitted with the diagnosis
of acute appendicitis at Adama Hospital Medical College.

Methods: A cross-sectional study was conducted from January 1, 2018, up to December 31, 2019. From a total of 1043 patients
during the study period, the charts of 431 patients were selected using a systematic random sampling technique. Data were collected by
a structured checklist. Bivariate and multivariable binary logistic regression analyses were employed to assess the association of
patients’ characteristics with CA.

Results: Out of 431 patients, 157 (36.4%) had CA. Characteristics of patients having a significant association with CA were found to
be generalized abdominal tenderness (AOR: 27.48, 95% CI: 4.03, 187.24), diagnosis with peritonitis (AOR: 14.87, 95% CI: 4.05,
54.54), right lower quadrant (RLQ) abdominal mass (AOR: 7.79, 95% CI: 2.02, 29.99), shock (10.37, 95% CI: 3.18, 33.76), white
blood cell (WBC) count >11,000 (AOR: 2.16, 95% CI: 1.02, 4.61), onset to visit interval of 8-14 days (AOR: 10.45, 95% CI: 2.4,
45.52) and ultrasound report of acute appendicitis (AOR: 0.33, 95% CI: 0.13, 0.85), appendiceal abscess (AOR: 5.05, 95% CI: 1.48,
17.31), and appendiceal mass (AOR: 6.04, 95% CI: 1.45, 25.14).

Conclusion: The prevalence of CA was very high. Generalized abdominal tenderness, RLQ abdominal mass, shock, WBC count,
onset to visit interval, abdominopelvic ultrasound report, and clinical diagnosis of peritonitis were significantly associated with CA.
Keywords: complicated appendicitis, characteristics of patients, acute appendicitis, Adama, Ethiopia

Introduction

The appendix is an immunologic organ that participates in the secretion of immunoglobulin, such as immunoglobulin A."
Acute appendicitis is an inflammation of the vermiform appendix. It is a common cause of acute abdomen, with an
estimated lifetime risk of 7-8% worldwide. It is typically diagnosed according to a reliable set of signs and symptoms
and can be effectively treated with surgery, with low morbidity and mortality rates."* Acute appendicitis can be divided
into two main categories: uncomplicated and complicated.’

Acute appendicitis is often overlooked and a significant number of patients are presented with complications. Of the
300,000 appendectomies performed each year, 25% are due to complicated appendicitis (CA).* The proportion of CA
varies, and it can reach up to 50% in some reports.’

The diagnosis of CA is made by the macroscopic appearance during the trans-operative period or by histopathological
study.” Complicated appendicitis is defined as perforated appendicitis, peritonitis, peri-appendicular abscess, or appendicular
mass.® If acute appendicitis is left untreated, necrosis, gangrene, and perforation occur."”* Treatment of uncomplicated acute
appendicitis is surgery. But in cases with CA, additional treatments such as percutaneous drainage and antibiotics and
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afterward delayed appendectomy are needed.” Compared to the uncomplicated one, the prognosis worsens significantly in
CA, predisposing the patient to a prolonged hospital stay, broad-spectrum antibiotics use and increased morbidity.'

Several studies have tried to evaluate CA, its contributing factors, and patients at risk. According to these studies,
diabetes, diarrhea, malaise, epigastric pain, duration of symptoms before surgery, extremes of age, various laboratory
markers or other novel parameters, types of medical insurance, imaging findings, and also the underlying pathology of an
inflamed appendix were the identified factors associated to CA.''"'°

This study is one amongst the few from low-income countries regarding the prevalence, and characteristics of patients
presented with CA. There is no available data regarding the extent of CA and the patients’ characteristics in Ethiopia. The
provision of the information is especially important for low-income countries like Ethiopia, where access to surgical care is
limited. Therefore, this study aimed to assess the prevalence, and the significant characteristics associated with CA among
patients admitted with the diagnosis of acute appendicitis in Adama Hospital Medical College (AHMC), Adama, Ethiopia.

The study will help generate data as a basis for subsequent studies and interventions. The results will provide
information that will help clinicians diagnose CA early and begin timely management.

Materials and Methods

Study Area and Period
The study was conducted at Adama Hospital Medical College, Adama, Ethiopia from January 1, 2018, to December 31,
2019.

Study Design

An institution-based cross-sectional study was conducted.

Source and Study Population
The source population was all patients admitted with the diagnosis of appendicitis to the AHMC surgical ward during the
study period. The study population consisted of patients who were selected by employing a systematic random sampling

technique. All the desired information was gathered from the charts of the patients.

Sample Size

Epi Info version 7.2.4.0 software was used to calculate the sample size for a single population proportion. Since no
published data showing the magnitude of CA in Ethiopia was available, 50% of prevalence was used to get the maximum
sample size. Considering a 97% confidence level, a 4% margin of error, and a total source population of 1043, the
calculated sample size was 431.

Sampling Procedure
The total number of patients admitted with a diagnosis of appendicitis in the Department of Surgery of AHMC from
January 1, 2018, to December 31, 2019, was 1043. Of the 1043 patients, 431 patients were selected by a systematic
random sampling technique. The patient registration list served as a sample frame.

The formula “K = N/n” was used for sample selection. The total number of patients (N=1043) divided by the actual
sample size (n=431) gave a constant (K) of 2.4. The first sample was determined using the lottery method. Then every

other patient was selected from the sampling frame.

Inclusion and Exclusion Criteria
All patients admitted to the AHMC surgical ward with the diagnosis of appendicitis during the study period were eligible,
and charts of patients with incomplete data were excluded.
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Variables
Dependent Variable
e Complicated appendicitis.

Independent Variables
e Demographic variables (age, sex, and residency).
e Subjective variables (site of abdominal pain, nausea, vomiting, anorexia, constipation, diarrhea, onset to first visit
interval, and presence of comorbid illness).
e Objective variables (fever, site of abdominal tenderness, right lower quadrant (RLQ) mass, peritonitis, and shock).
e Investigations (white blood cell (WBC) count, and abdominopelvic ultrasound).

Operational Definitions
e Complicated appendicitis: Appendicitis with abscess formation, gangrenous appendix, or a perforated appendix
with, or without peritonitis noted after surgery.

Data Collection Procedures
The data was collected by employing a structured checklist. The source populations’ medical registration numbers were collected
from the surgical ward register book. All the desired quantitative information was collected from the charts of the patients.

Quality Assurance

To assure the quality of the data, the checklist was pre-tested on 5% of the targeted sample size at AHMC before running
the actual data. Necessary modifications to the checklist were carried out based on the pre-test feedback. The reliability of
the checklist was checked.

Data Management and Analysis

The data was collected under regular supervision after giving a one-day training course for two data collectors and
a supervisor before the data collection process. The data collected from the charts were checked for completeness and
consistencies, and then cleaned and entered using Epi Info version 7.2.4.0 statistical software and analyzed using the
SPSS version 26 statistical package. Logical and consistency errors identified during data entry were corrected after
revision of the original data. The descriptive analyses were presented by frequency tables and percentages. A multiple
logistic regression model was fitted. All variables were screened by carrying out binary logistic regression analysis. Then,
variables having a p-value less than 0.2 were taken to the multivariable binary logistic regression model to identify
confounders. Statistical significance was declared when the p-value was less than 0.05 at 95% CI.

Results

Socio-Demographic Characteristics

The total number of patients’ charts reviewed was 431, with a 100% success rate. The mean age of respondents was
28.28 years, with a standard deviation of 13.79. The age range of respondents was 1575 years. Most of the patients, 241
(55.9%), were in the age group of 15-25 years. Males accounted for 252 (58.5%) of the study participants, and the
majority of the respondents, 296 (68.7%), were from urban areas (Table 1).

Complicated Appendicitis
Out of 431 patients, 157 (36.4%) were diagnosed with CA.

Characteristics Associated with the Diagnosis of Complicated Appendicitis

After multivariable logistic regression analysis, seven variables were found to be significantly associated with the
diagnosis of CA. The variables were: abdominal tenderness, RLQ abdominal mass, shock, onset to visit interval, clinical
diagnosis of peritonitis, ultrasound report, and WBC count.
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Table
Diagnosed with Appendicitis in Adama, Ethiopia, 2021

I Socio-Demographic Characteristics of Patients

Variables Categories | Frequency | Percent (%)
Age in years 15-25 241 55.9
2645 148 343
>45 42 9.7
Sex Male 252 58.5
Female 179 41.5
Place of residence | Urban 296 68.7
Rural 135 313

Respondents who had generalized abdominal tenderness and those who were clinically diagnosed with peritonitis
were more than 27 times (AOR: 27.48, 95% CI: 4.03, 187.24) and about 15 times (AOR: 14.87, 95% CI: 4.05, 54.54)
more likely to have CA than those who had not had abdominal tenderness and were not diagnosed with peritonitis,

respectively.

Study participants who presented with RLQ abdominal mass, shock, and WBC count > 11,000 were about 8 times
(AOR: 7.79, 95% CI: 2.02, 29.99), more than 10 times (AOR: 10.37, 95% CI: 3.18, 33.76), and more than 2 times (AOR:
2.16, 95% CI: 1.02, 4.61) more likely to have CA than those who presented without RLQ abdominal mass, shock, and

WBC count < 11,000, respectively.

Among the respondents, those who had an onset to visit interval of 814 days were more than 10 times (AOR: 10.45,
95% CI: 2.4, 45.52) more likely to have CA than those who had <2 days. Regarding the ultrasound reports, those with
a report of acute appendicitis were 67% less likely (AOR: 0.33, 95% CI: 0.13, 0.85) and those with a report of
appendiceal abscess and appendiceal masses were 5 (AOR: 5.05, 95% CI: 1.48, 17.31), and 6 (AOR: 6.04, 95% CI:
1.45, 25.14) times more likely to have CA than those without ultrasound imaging, respectively (Table 2).

Table 2 Factors Associated with Complicated Appendicitis in Adama, Ethiopia, 2021

Variables Complicated OR at 95% CI
Appendicitis

Yes, n (%) No, n (%) COR AOR
Age in years
15-25 77 (17.9) 164 (38.1) | [
2645 56 (13) 92 (21.3) 1.3 (0.85, 1.99) 1.29 (0.6, 2.78)
>45 24 (5.6) 18 (4.2) 2.84 (1.46, 5.54) 1.37 (0.34, 5.52)
Place of residence
Urban 83 (19.3) 213 (49.4) | |
Rural 74 (17.2) 61 (14.2) 3.11 (2.04, 4.75) 1.01 (0.46, 2.24)
Type of abdominal pain
Periumbilical 24 (5.6) 52 (12.1) | |

(Continued)

5 7 6 https:

Dove!

Open Access Emergency Medicine 2022:14


https://www.dovepress.com
https://www.dovepress.com

Dagne and Abebaw

Table 2 (Continued).

Variables Complicated OR at 95% CI
Appendicitis
Yes, n (%) No, n (%) COR AOR
Right lower quadrant 71 (16.5) 205 (47.6) 0.75 (0.43, 1.31) 1.03 (0.33, 3.18)
Epigastric 8 (1.9) 8 (1.9) 2.17 (0.73, 6.47) 1.5 (0.23, 9.82)
Generalized 54 (12.5) 9 (2.1) 13 (5.53, 30.58) 1.89 (0.45, 7.92)
Nausea
Yes 124 (28.8) 140 (32.5) 3.6 (2.29, 5.65) 1.63 (0.76, 3.47)
No 33(77) 134 (31.1) | |
Vomiting
Yes 142 (32.9) 201 (46.6) 3.44 (1.9, 6.24) 1.68 (0.64, 4.46)
No 15 (3.5) 73 (19.9) | |
Anorexia
Yes 132 (30.6) 190 (44.1) 2.33 (1.42, 3.84) 1.62 (0.63, 4.17)
No 25 (5.8) 84 (19.5) | |
Fever
Yes 135 (31.3) 167 (38.7) 3.93 (2.36, 6.56) 0.82 (0.34, 1.99)
No 22 (5.1) 107 (24.8) | |
Comorbidities
Yes 16 (3.7) 5(1.2) 6.11 (2.19, 17.01) 5.54 (0.89, 34.58)
No 141 (32.7) 269 (62.4) |
Abdominal tenderness
No 4 (0.9) 20 (4.6) | |
Right lower quadrant 6l (14.2) 197 (45.7) 1.55 (0.51, 4.7) 5.14 (0.9, 29.17)
Suprapubic 5(1.2) 20 (4.6) 1.25 (0.29, 5.35) 8.63 (0.98, 76.2)
Generalized 87 (20.2) 37 (8.6) 11.76 (3.76, 36.77) 27.48 (4.03, 187.24)
Right lower quadrant abdominal mass
Yes 35(8.1) 9 (2.1) 8.45 (3.94, 18.12) 7.79 (2.02, 29.99)
No 122 (28.3) 265 (61.5) | |
Shock
Yes 20 (4.6) 12 (2.8) 3.19 (1.51, 6.71) 10.37 (3.18, 33.76)
No 137 (31.8) 262 (60.8) | |
Onset to visit interval in days
(] 13 (3) 111 (25.8) | |
2-3 53 (12.3) 106 (24.6) 4.27 (2.2, 8.28) 1.25 (0.5, 3.1)
(Continued)

Open Access Emergency Medicine 2022:14

https:

Dove:

577


https://www.dovepress.com
https://www.dovepress.com

Dagne and Abebaw Dove

Table 2 (Continued).

Variables Complicated OR at 95% CI
Appendicitis
Yes, n (%) No, n (%) COR AOR
4-7 55 (12.8) 49 (11.4) 9.58 (4.8, 19.14) 1.66 (0.54, 5.16)
8-14 36 (84) 8(1.9) 38.42 (14.75, 10.45 (2.4, 45.52)
100.11)

Diagnosed with peritonitis

Yes 59 (13.7) 5(12) 32.39 (12.63, 83.06) | 14.87 (4.05, 54.54)

No 98 (22.7) 269 (62.4) [ [

Ultrasound report

Acute appendicitis 15 (3.5) 125 (29) 0.23 (0.12, 0.42) 0.33 (0.13, 0.85)
Appendiceal abscess 30 (7) 10 (2.3) 5.71 (2.62, 12.44) 5.05 (1.48, 17.31)
Perforated 8 (1.9) 6 (1.4) 2.54 (0.84, 7.64) 0.51 (0.04, 6.9)
appendicitis

Appendiceal mass 32 (7.4) 8 (1.9) 7.61 (3.3,17.52) 6.04 (1.45, 25.14)
Unremarkable 11 (2.6) 9 (2.1) 2.32 (091, 5.91) 1.23 (0.27, 5.68)
Not done 6l (14.2) 116 (26.9) | |

White blood cell count

<11,000 45 (10.4) 142 (32.9) [ |

>11,000 112 (26) 132 (30.6) 2.68 (1.76, 4.07) 2.16 (1.02, 4.61)

Note: NB COR and AOR written in bold indicates statistical significance or P value < 0.05.

Discussion

Out of the respondents, 36.4% were reported to have CA. The prevalence of CA in this study was found to be higher
when compared to other studies conducted in Pakistan, Japan, and India, which reported the prevalence as 20%, 16.1%,
and 31.8%, respectively.'®'® Another multicenter observational study performed in 18 surgical centers also stated the
prevalence of CA was 27.48%.'° The higher prevalence in our study may be attributed to the low-income status of the
country. Associated with this, a delay in presentation or referral from primary health care facilities is expected to be
high.

Factors associated with the presentation of CA have been inconsistently identified. The pain usually localizes to the
RLQ if the perforation has been walled off by regional intra-abdominal structures, but can be diffuse if generalized
peritonitis occurs.?’ According to our study, respondents who had generalized abdominal tenderness and who were
clinically diagnosed to have peritonitis were more likely to have CA than their counterparts. Generalized abdominal
tenderness may have occurred as a result of peritonitis, which is one of the complications of perforated appendicitis.

According to our study, those who presented with shock were more likely to have CA than their counterparts. CA
may be accompanied by septic shock as a result of abscess formation within the mesoappendix, which could explain the
finding of this study.

In our study, participants who presented with RLQ abdominal mass were more likely to have CA than their
counterparts. The possible explanation for this phenomenon could be the formation of an appendicular mass. The
inflammation in acute appendicitis may sometimes be enclosed by the patient’s defense mechanisms, by the formation of

an inflammatory phlegmon or a circumscribed abscess.?!
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Many studies have reported that an increase in WBC count has been the earliest sign of appendiceal inflammation,
while increased C-reactive protein has been noted in more advanced stages of appendicitis.?® Despite this, and the same
as our study, the elevation of WBC was found to be significantly associated with CA in many other studies.”* **

The results of the importance of the preoperative interval as a predictor of CA are inconsistent. Some studies show that longer
durations before operation or admission are risk factors for perforation.>® Similarly, other studies found that the chances of CA
increased 1.5 times with each additional day from the onset of symptoms,'” and also the odds of appendiceal perforation on the
8th day after admission increased to 4.7 times.?” However, another high-quality study using logistic regression showed that the
preoperative interval was insignificant.”® Our data demonstrated that timing matters. An extended duration from symptom to
onset was indeed found to be a risk factor for CA. Patients who had an onset to visit interval of 8—14 days were more likely to
possess CA than patients who had <2 days. Duration of symptoms, a modifiable risk factor, can determine access to surgical care.

The clinical diagnosis of CA is sometimes challenging and involves a mix of clinical, laboratory, and radiological
findings. Although ultrasound has a lower rate of accuracy than a contrast-enhanced CT, the findings are often
appreciated in experienced hands. Diagnosis of a perforated appendix is based on the presence of a right iliac fossa
abscess or phlegmon in conjunction with signs of appendiceal inflammation and appendicolith.>® According to our study,
those with an ultrasound report of acute appendicitis were significantly associated with acute appendicitis, while those
with appendiceal abscess and appendiceal mass reports were significantly associated with CA.

Limitations
Since the study was retrospective cross-sectional, we could not collect some previously reported important information
from the patient charts.

Conclusions

Around one-third of the study, participants had CA. Patients presenting with 8—14 days of onset to visit interval, generalized
abdominal tenderness, RLQ abdominal mass, raised WBC, and shock had greater odds of CA. Abdominopelvic ultrasound
reports of an appendiceal abscess and an appendiceal mass are among the predicting factors for CA.

Abbreviations
AHMC, Adama Hospital Medical College; CA, Complicated Appendicitis; CT, Computed Tomography; RLQ, Right
Lower Quadrant; WBC, White Blood Cell.
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