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ABSTRACT

Background: Mortality secondary to acute appendicitis (AA) is reported to be less than 6% but is higher in patients with a
complicated presentation or those who have co-morbidities.

Objective: To determine factors associated with mortality in patients presenting with acute appendicitis to a large tertiary
hospital in Johannesburg, South Africa.

Methods: Records of patients 18 years and older, admitted with AA over 5 years, were reviewed retrospectively. Data collected
included demographic information, co-morbidities, clinical and laboratory findings, surgical treatment, and clinical outcomes.

Results: Two hundred and thirty-one patients met the inclusion criteria. Of this cohort, 71% (164/231) were males. The mean
age of the study group was 31 + 12.2 years, and 69.3% were between 20 and 40 years old. Twenty-nine (12.6%) patients were
HIV positive, the majority (82.8%) of whom were male. Fifty-eight (25.3%) had complicated AA. Eighteen (7.8%) patients
died, of whom 83.3% (15/18) were male. Fifty percent (9/18) of the deaths occurred in the 40-60 age group (p=<0.001).
Thirteen (72.2%) of those who died presented to the hospital more than 72 hours after the initial onset of symptoms. The
median CRP of those who died (247.5 mg/L) was significantly higher compared to the survivors (99 mg/L) (p= 0.001).

Conclusions: In this study, a quarter of the patients with AA presented with a complicated disease. Mortality secondary to
AA was higher in individuals in the 21- 60-year age group and in patients who presented later than 72 hours following the
onset of symptoms.

Keywords: Acute appendicitis, co-morbidities, low- and middle-income countries, mortality.

INTRODUCTION While appendectomy remains the gold standard for treat-
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Acute appendicitis (AA) predominately occurs in ado-
lescents and young adults.(1-3) Acute appendicitis may
be simple or complicated. Complicated forms include
a gangrenous appendix, inflammatory mass, appendix
abscess, or rupture with generalised peritonitis.(1,4)
Diagnosing simple or complicated AA relies on a com-
bination of clinical features and findings of imaging
investigations such as ultrasound, CT scan, or mag-
netic resonance imaging (MRI).(2-5) There is a higher
likelihood of complicated appendicitis in patients with
delayed presentation.(1) The rate of AA complications is
higher in patients over 60 years of age, and they present
earlier in this age group.(6)

ing AA, conservative antibiotic therapy has demonstrated
efficacy in selected cases with uncomplicated disease.(7,8)
All instances of complicated AA require surgical interven-
tion or percutaneous drainage, except for an inflammatory
mass.(1,4) Mortality due to AA ranges from 0% to 5.6%
but is higher in some low- and middle-income countries
(LMICs) and in patients with co-morbidities.(1,2,9) The
high mortality of AA in LMIC:s is related to factors such
as delayed presentation and lack of access to quality health-
care.(1,3,9,10) As there are only a few published studies
on the outcomes associated with AA in middle-income
countries, we sought to analyse the factors associated with
mortality in patients who presented with AA to a central
academic hospital in Johannesburg, South AfTica.
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METHODS

We conducted a retrospective study at a tertiary academic
hospital (Charlotte Maxeke Johannesburg Academic
Hospital) in Johannesburg, South Africa, over 5 years from
01 January 2017 to 31 December 2021. Demographic and
clinicopathological data were retrieved from the clinical
notes and Redcap data and then captured onto an Excel
spreadsheet. All patients over 18 years old with features of
AA were included in the study. The clinical presentation,
time of onset of symptoms, common laboratory-related
investigations, and surgical procedures were all docu-
mented. The associated co-morbidities, in-hospital length
of stay, and mortalities were also reported. Complicated
AA was defined as transmural appendiceal necrosis with
associated perforation and local complications. Noteworthy
co-morbidities considered significant for analysis included
hypertension, diabetes, and a positive HIV status.

The cohort was stratified into two groups based on the
outcome of either successful discharge from the hospi-
tal or death. Categorical data were summarized using
frequencies and percentages. The mean with standard
deviation and median plus interquartile range was used
to consolidate parametric and non-parametric data,
respectively. The Shapiro-Wilk test was used to test the
normality distribution of the data. Fisher’s exact or Chi-
squared test was used to check the significance level of
the difference between categorical findings. The student’s
t-test compared the continuous and normally distributed
data sample means.

Mann-Whitney and Kruskal-Wallis rank test was used
for comparison of the medians of non-parametric continu-
ous data. The level of significance was set at a p-value below
0.05. Multivariate logistic regression analysis assessed the
association between mortality and independent variables,
which returned a p-value of 0.2 or less following univari-
ate analysis. Analysis of the data was performed using the
STATA Release 17 version 17.0.

Ethical approval for the study was obtained from the
Human Research Ethics Committee of the University of
the Witwatersrand (M210927).

RESULTS
Of the 294 patient records initially identified, 231 were

suitable for analysis after excluding 63 due to incomplete
data. One hundred and sixty-four (71%) of these were
males. The mean age was 31 + 12,2 years, and 69.3% were
in the 20 to 40 age range. Fifty-seven patients of the 231
in the study group (24.7%) had significant co-morbidi-
ties. Twenty-nine (29/231; 12.6%) were HIV positive, the
majority (24/29) of whom were male.

Complicated AA was observed in 25.3% (58/231)
of patients. The median white cell count (WCC) of the
patients who were admitted and treated for AA was 10.88
x 109/L (IQR: 8.36 -14.33 109/L), C-reactive protein
(CRP) 100mg/L (IQR 42 — 180 mg/L) and haemoglobin

(Hb) 13.9 ¢g/dL. (IQR 12.1;15.3 g/d). Eighteen (18/231;
7.8%) patients died (Table 1).

The majority (15/18; 83.3%) of the deaths occurred
in male patients, but the difference in the mortality rate
between males and females was not significant (p= 0.232).
Nine (9/18; 50%) of the deaths occurred in the 40-60 years
age range. The mortality across the age groups 21-60 was
statistically significant (p-value < 0.001 for 21-40 and
0.009 for 41-60 age groups). The median duration of symp-
toms prior to presentation for patients who died was 3 days
(range: 1-14 days) compared to 2 days (range: 1-30 days) in

those who survived, but the difference was not statistically

Table 1: Demographics, clinical and laboratory findings,
co-morbidities, and outcomes of the patients with Acute
appendicitis (N=231)

Parameters Numbers (%)
Sex
Female 67(29)
Male 164(71)
Age in years (median: IQR) 31(24;39)
18-20 21(9.1)
21-40 160(69.3)
41-60 40(17.3)
>60 10(4.3)
Pathological classification
Simple 173(74.8)
Complicated 58(25.2)
Laboratory results
WCC (x109/L)
(Normal range = 4.5 — 11 x 109/L)
<4.5 (Low) 3(0.9)
4.6-11 (Normal) 114(49.4)
>11(Elevated) 114(49.4)
CRP (Normal range = < 10 mg/L)
<10mg/L (Normal) 24(11.2)
>10mg/L (Elevated) 191(88.8)
Hb (Normal range= 11.6-16.6g/dl)
<11.6g/dl (low) 42(18.2)
11.6-16.6g/dl (normal) 174(75.3)
>16.6g/dl (elevated) 15(6.5)
Co-morbidities
Total: 57(24.7)
HIV 29(12.5)
Female/Male (n/n) 5/24
Diabetes Mellitus 11(4.8)
Female/Males(n/n) 4/7
Hypertension 17(7.4)
Female/Males (n/n) 5/12
Outcomes
Death (in-hospital mortality) 18(7.8)
Discharged Alive 213(92.2)

(WCC- white cell count; CRP=C-Reactive Protein;
Hb=Haemaoglobin level; HIV=Human immunodeficiency virus)
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Table 2: Multivariate logistic regression analysis for the clinicopathological factors contributing to mortality in

patients with Acute Appendicitis

Parameters Discharged (alive) Death p-value Odds ratio
N=213 (%) N=18 (%)
Sex 0.232 0.257
Female 64 (30.0) 3(16.7)
Male 149 (70.0) 15 (83.3)
Ages (mean + SD) 32.24 +£11.36 48.94 + 11.78 <0.001 1.166
18-20 21(9.9) 0(0) 0.384
21-40 154 (72.3) 6 (33.3) 0.001 5.22
41-60 31 (14.5) 9 (50) 0.009 0.17
>60 7 (3.3) 3(16.7) 0.34 0.17
Significant co-morbidities 53 (24.9) 4(22.2) 1.000 1.159
HIV 27 (12.7) 2(11.1) 0.696 0.875
Diabetes 10 (4.69) 1(5.6) 0.599 0.837
Hypertension 16 (7.51) 1(5.6) 1.000 1.381
Pathological Classification <0.001 0.26
Simple 173 (81.2) 0(0)
Complicated 40 (18.8) 18 (100)
Laboratory results
WCC _x10/L) (median, IQR) 10.91(8.56;14.29) 8.01(5.6;19.29) 0.796 1.024
CRP (mg/L) (median, IQR) 99 (40;168,5) 247.5(69.5:333) 0.001 1.008
Hb(g/dl) (median IQR) 13.9 (12.3-15.33) 9.8 (8.8;15.2) 0.286 0.829
Duration of symptoms(days) (median, IQR) 2 (1;3) 3 (1.25;4) 0.786 0.960
Laparotomy 52 (24.4) 10 (55.6) 0.782 0.803
Relook Laparotomy 6(2.8) 6 (33.3) 0.05 6.034
Length of Hospital Stay (days) 5(3;8) 11.5 (3.5-15.5) 0.025 1.160

(SD=Standard deviation; HIV=Human immunodeficiency virus; WCC- white cell count; CRP=C-Reactive Protein;

Hb=Haemaoglobin level and IQR= interquartile range)

significant (p-value = 0.786). There was no statistical dif-
ference in survivors’ and non-survivors median white cell
count and haemoglobin levels. However, C-reactive pro-
tein levels were significantly elevated in those who died
(p-value 0.001). Patients who needed relook laparotomy
had a substantially higher risk of dying (p=0.05 and Odds
ratio of 6.034) (Table 2).

Fourteen of the eighteen patients (77.8%) who died had
no significant co-morbidities, and ten of those who died
(55.6%) underwent laparotomy. The median length of stay
for the patients who died was significantly longer at 11.5
days (2-42 days), compared to 5 days (1-35 days) for sur-
vivors (p= 0.025).

Thirteen (72.2%) of the patients who died presented
beyond 72 hours after the onset of symptoms. A Pareto
analysis assessed which other factors were most likely to
impact mortality significantly (Figure 1). Based on the

Pareto principle, two factors, i.e., delayed presentation and
co-morbidities (hypertension and diabetes), were found to
be the most critical factors to address to reduce mortality.

The left X-axis represents the individual percentage con-
tribution per event, the Y-axis represents events associated
with mortality, and the right X-axis represents the accumu-
lative percentage of all events. The red line crosses the 80%
level for Delayed presentation and Co-morbidities other
than HIV (Hypertension and Diabetes mellitus).

DISCUSSION

The primary objective of this study was to identify factors
associated with mortality in patients admitted and treated
for AA. The study findings reveal that 71% of AA patients
were male, with the majority falling within the 18-40 age
range, and 25% of patients had co-morbidities. The overall
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Pareto Analysis of Contributing Factors to Mortality
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Figure 1: A Pareto chart showing the weighting of recorded
factors in those who died (n = 18).

mortality rate in AA patients was 7.8%. Although mortal-
ity was not statistically significantly higher in those pre-
senting 3 days after symptom onset, the Pareto analysis
strongly suggested that addressing this factor was highly
important in reducing mortality in patients presenting with
AA. Also addressing co-morbidities such as hypertension
and diabetes could also reduce mortality.

Globally, the lifetime risk of developing AA is 8.6% for
men and 6.7% for women, with a male-to-female ratio
ranging from 1:1 to 3:1.(11-13) The male-to-female ratio
of patients presenting with AA of 2.4:1 in the current study
is in keeping with the previous findings.(2-5) AA is more
prevalent in high-income countries in the 10-19 age group.
(14) The high percentage of patients between the ages of
20 and 40 in our setting is most likely related to the fact
that the surgical unit at the treating facility only admitted
patients 18 years or older.

The observed mortality rate of 7.8% in the current study
is significantly higher than the 0- 5.6% reported within and
outside of South Affrica.(1,9,15,16) This higher mortality
rate is not surprising, as our institution is a tertiary refer-
ral hospital serving fourteen hospitals in the referral chain.
Thus, it is likely to receive more clinically complicated and
complex cases requiring specialist management.

The mortality in the current study was higher in
patients aged 21 to 60 years. The diagnosis of AA is more
challenging in older patients due to atypical clinical fea-
tures and broader differential diagnoses.(17) Atypical
presentation of AA may contribute to the delay in pres-
entation, contributing to 39.4% of mortality in the cur-
rent study. A delay in the presentation of AA increases
the risk of developing complicated AA.(15,18,19) One
in four of the patients in this study had complicated
AA.The rate of occurrence of perforated appendicitis is
reported to be 20% but increases to 70% in the elderly.
(20) A hospital stay of patients above the age of 60 years
has the propensity to be longer because of co-morbidi-
ties and higher rates of complications.(21)

Relook laparotomies were associated with higher mor-
tality with an odds ratio of 6.03. Delayed relooks of greater
than 24 hours only contributed to mortality in 3% of
patients. Delayed relook was not a significant factor associ-
ated with mortality in our study.

HIV was the most prevalent co-morbidity in the study
cohort at 12.6%, and it has been known to be associ-
ated with other conditions that may mimic AA.(22,23)
Mahmood et al. in 2021 reported that the prevalence of
AA is higher in the HIV population compared to HIV-
uninfected individuals.(22) Our study does not support
this finding as the prevalence of HIV in our study cohort
is similar to the overall prevalence of HIV in the South
African population.

LIMITATIONS OF THE STUDY

As this was a retrospective study, the limitations of retro-
spective studies also apply to the current study. Only adults
were included in the survey. Therefore, those under 18 years
were not part of the analysis in this study. Surgical compli-
cations related to the procedures were not specified. As our
institution is a major referral site for primary and secondary
hospitals, there is potential for bias towards more compli-
cated cases, resulting in skewed data. Also, the study sam-
ple, constrained to one tertiary hospital, underscores the
need for caution in generalising findings to other hospitals.
Interrogation of other factors delaying presentation within
the healthcare system was not explored.

CONCLUSION

The observed overall mortality rate of 7.8% surpasses pre-
vious reports, emphasising the gravity of this condition.
Mortality in AA was notably higher in men aged 40 years
and above and those presenting more than 3 days after
symptom onset. These findings underscore the impor-
tance of vigilant preventative and management strategies,
particularly in specific demographic groups, to improve
outcomes and reduce mortality related to AA. Timely
diagnostic scrutiny, coupled with swift surgical referral, can
potentially curtail the risk of perforation and forestall the
emergence of complications.
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