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Background: The negative appendicectomy rate (NAR) is defined as the proportion of surgically removed appendices
that are pathologically normal. The acceptable NAR has been a debated issue. Previously, a higher rate was accepted,
whilst newer thinking favours a lower rate. Diagnosing appendicitis is often a clinical challenge and may require crosssectional imaging to assist in the diagnosis.
Methods: A retrospective review was conducted at the Charlotte Maxeke Johannesburg Academic Hospital. Appendix
histopathological reports were retrieved for patients older than 18 years over a 10-year period. Reports of ultrasound (US)
and/or computed tomography (CT) scans were analysed in the last 18 months.
Results: One thousand two hundred and seventeen appendicectomy specimens were included. The overall NAR was
19%. This demonstrated a significant downward trend over the period (p < 0.003). Per gender, the female NAR showed
a significant decline (p = 0.002) while the male decline was not significant (p = 0.517). Reproductive-age females were
found to have significantly higher NAR as compared to other age groups. The overall perforation rate was 17% which
demonstrated a significant increase over the study period (p = 0.012). In the last 18 months, 240 appendicectomies were
performed. One hundred and eleven patients underwent imaging (46%), of which 78 underwent ultrasound (70%), 14 CT
(13%) and 19 US and CT (17%).
Conclusion: The overall NAR declined significantly over the period. Females under the age of 45 were found to have
significantly higher NARs. Further prospective studies are needed to determine the benefit and feasibility of preoperative
CT in resource-limited settings, particularly in reproductive-age females to reduce the NAR.
Keywords: appendicitis, negative appendicectomy

Introduction
Acute appendicitis is one of the most common causes of an
acute surgical abdomen.1 The diagnosis may be difficult as
the presentation can be atypical and the differential diagnosis
for an acute abdomen encompasses a variety of abdominal
and pelvic organ pathologies.2 A good history, clinical
examination with appropriate biochemical and radiological
investigations are needed to make the diagnosis.1 The gold
standard in confirming the diagnosis of appendicitis is the
histopathological examination of the appendix specimen.3
Early diagnosis is crucial for timeous treatment and to
prevent complications.4 There is a balance between early
surgical intervention to prevent complications and having a
more conservative approach to reduce unnecessary surgical
procedures and the complications thereof. 5
The negative appendicectomy rate (NAR) or ‘lilywhite’ appendix rate can be defined as ‘the proportion of
pathologically normal appendices removed surgically in
patients suspected of having acute appendicitis’.6 A wide
range of NAR has been reported in the literature.7 The
acceptable NAR is debated. Previously a higher NAR was
viewed as acceptable as it was assumed to reduce the number
of perforations and the associated complications.8 This was
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balanced against the complications of an appendicectomy
for a normal appendix. Flum and Koepsell challenged this
idea, demonstrating that a negative appendicectomy was not
as innocuous as was previously thought. They demonstrated
that a negative appendicectomy was associated with a longer
length of stay and higher cost of admission, case fatality
rate, and infection rate.9
Imaging plays a fundamental role in diagnosing acute
appendicitis. Abdominal and pelvic ultrasound and computerised tomography (CT) scanning are most commonly
used. Ultrasound is associated with no radiation but is
operator dependent. A 2016 meta-analysis by Giljaca et al.
demonstrated that ultrasound has a sensitivity of 69% (95%
confidence interval [CI] 59–78%) and a specificity of 81%
(95% CI 73–88%). The post-test probability of a positive
test was 92% (95% CI 88–95%) and a negative test was 55%
(95% CI 46–63%).10
CT is more accurate than ultrasound. A 2019 Cochrane
review demonstrated a sensitivity of 0.95 (95% CI 0.93–
0.96) and a specificity of 0.94 (95% CI 0.92–0.95). The
probability of having appendicitis following a positive CT
result was 0.92 (95% CI 0.90–0.94), while the probability of
having appendicitis following a negative CT result was 0.04
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Data were recorded in Microsoft Excel and data were
presented as n (frequency) or percentage and as mean ±
standard deviation (SD) as applicable, in graphs. Statistical
comparisons between groups were determined using
Statistica V13.5. A chi-squared test or a Fisher's exact test
were used to compare frequencies and trends over time were
determined from the correlation coefficient. A calculated
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35%
(95% CI 0.03–0.05).11 There is conflicting evidence on
whether preoperative CT scan use significantly affects
30%
the NAR.12
Charlotte Maxeke Johannesburg Academic Hospital
25%
(CMJAH) is a tertiary referral hospital with direct
emergency admissions and referrals from cluster hos20%
pitals. The policy of the surgical unit is that unless
there is diffuse peritonitis, US is recommended for
15%
female patients with suspected acute appendicitis. Male
patients with typical signs and symptoms are taken at
10%
the surgeon’s discretion directly to theatre. Imaging
is reserved for cases with diagnostic uncertainty. CT
5%
is performed in both male and female patients for
complicated cases, diagnostic uncertainty or if a mass is
0%
palpable. Diagnostic laparoscopy is used when imaging
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 All
Groups
fails to confirm a diagnosis.
YEAR
The appendix is always removed if a right iliac fossa
Figure 1: The NAR over a 10-year period (p < 0.003)
incision is made. If approached laparoscopically, it is
The NARof
over
a 10-year
period groups
(p < 0.003)
at the surgeon's discretion whether to remove a normal Figure 1: p-value
< 0.05
between
was regarded as being of
looking appendix.
statistical significance.
The primary objective of this study was to determine the
NAR in adults at the CMJAH and to assess trends over ten
Results
years. Secondary objectives were to analyse the value of
One thousand two hundred and seventeen appendicectomy
imaging modalities performed in the last 18 months of the
specimens were included in the study. There were 788 male
study period.
patients and 428 females (1 missing gender). The overall
NAR over the 10 years was 19%. The NAR showed a
Methods
significant downward trend over the study period (p < 0.003)
A retrospective review was conducted in the Department
(Figure 1). On analysis of the trends per gender, the female
of Surgery at the CMJAH. Appendix histopathological
NAR showed a significant decline over the study period
specimen reports over 10 years (1 June 2008–31 May 2018)
60%
were retrieved from the National Health Laboratory Service.
Inclusion criteria: patients > 18 years of age who underwent
50%
an appendicectomy for acute appendicitis. Exclusion criteria:
patients < 18 years of age, incidental appendicectomy,
40%
interval appendicectomy and pregnant patients. Clinical
information was obtained, where available, from the clinical
30%
history on the pathology reports.
The diagnosis of acute appendicitis was defined histologically as per the pathology report. Incidental appendicectomy
20%
was defined as the removal of the appendix that occurred
during non-appendiceal surgery. Interval appendicectomy
10%
was defined as the removal of the appendix after conservative
management had been instituted. Reproductive-age females
0%
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
were taken to be those less than 45 years of age.
YEAR
The following variables were collected: age, gender, date
Figure
2:
The
female
NAR
over
a 10-year period (p = 0.002)
of procedure, the presence/absence of acute appendicitis and
25%
whether perforation was present.
Radiological records were retrieved from the picture Figure 2: The female NAR over a 10-year period (p = 0.002)
archiving and communication system (PACS) in the last
20%
18 months (the system was introduced at CMJAH in mid2016). Information on whether the patients underwent
15%
an ultrasound and/or CT scan was extracted, the imaging
reports where available were analysed.
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Figure 3: The male NAR over a 10-year period (p = 0.517)
Figure 3: The male NAR over a 10-year period (p = 0.517)
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To our knowledge, this is the largest single centre review
conducted in South Africa looking at the NAR. Our overall
NAR over the ten years was 19% (ranging from 14–29.2%).
This was comparable to other South African centres (Table
I).13-26 A South African systematic review demonstrated an
overall NAR of 17%.27 As compared to international centres,
a multicentre prospective study in Australia demonstrated
a NAR of 19%.28 A nationwide audit in the Netherlands
revealed a rate of 2.2%.29 In the United Kingdom, a NAR of
20.6% was reported.30 In the United States of America, data
from the American College of Surgeons National Surgical
Quality Improvement Project (ACS-NSQIP) database
revealed a NAR of 4.5%, while single centre data have
reported rates as low as 1.7%.6,7
Our study demonstrated a significant decline in the NAR
over the study period. Both the male and female rates
declined over the period, although only the female decline
was significant. Possible explanations for the reduced overall
rate include improved clinical acumen of the clinician and
delayed presentation. The latter is possible in our study
as we found a significant increase in the perforation rate
over the study period. The delayed presentation may lead
to perforation and consequently a more severe clinical presentation which may assist with diagnosis. As our institution
is a tertiary centre, the referral process may result in a delay
in the diagnosis and treatment of the patient. Other possible
explanations for the reduced rate include possible increased
use of laparoscopic surgery (normal-appearing appendices
may not be removed) and increased use of imaging. At this
time, using our current variables we are unable to definitively
explain what contributed to the decline in the NAR over the
study period and why there was a difference between male
and female patients.
The rising perforation rate in the study is concerning.
From our current data, we are unable to explain this. Possible
reasons are delayed presentation to referral hospital, delayed
presentation to our institution, late referrals, delay in transfer,
delay in investigations and delay to surgery.
Cross-sectional imaging, especially CT scans, is
viewed as a useful modality to assist in diagnosing acute

16.5

20%

22.1

27.9

Discussion

15%

11.3

PERFORATION RATE

20.8

25%

21.7

30%

10%

5%

0%

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
YEAR

Figure 4: Perforation trend over a 10-year period

0.012) trend over a 10-year period (p = 0.012)
Figure(p
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(p = 0.002), while the male decline was not significant (p =
0.517) (Figures 2 and 3). Reproductive-age females were
found to have a significantly higher NAR as compared to
other age groups.
The overall perforation rate over the study period was
17%. This rate showed a significant increase over the study
period (p = 0.012) (Figure 4). When analysing the under
45 age group, a significant increase in the perforation rate
was noted in male patients (p = 0.008), while females
demonstrated a downward trend which was not significant
(p = 0.34).
In the last 18 months of the study period, 240 appendicectomies were performed. One hundred and eleven
patients underwent imaging (46%), of which 78 underwent
ultrasound (70%), 14 CT (13%) and 19 US and CT (17%).
All 33 CT scans had reports with 25/97 (26%) ultrasound
reports missing. Fifty-five out of 72 (76%) reported
ultrasounds and 27/33 (82%) CTs were positive. Only 33/55
(60%) females with non-perforated appendicitis had an US.

Table I: Table showing reported NAR at various South African centres
Author

Year published

NAR (%)

City, Province

Silber13

1953

34

Cape Town, Western Cape

1969

32

Johannesburg, Gauteng

Spitz14
Nel et al.

1979

18

Bloemfontein, Free State

Fulton et al.16

1995

15

Mdantsane, Eastern Cape

Levy et al.17

1997

21

Soweto, Gauteng

Muthuphei et al.18

1998

34

Ga-Rankuwa, Gauteng

Madiba et al.19

1998

9

Durban, KwaZulu-Natal

Rogers et al.20

2008

12

East London, Eastern Cape

Chamisa21

2009

17

eThekwini, KwaZulu-Natal

Kong et al.22

2011

5

Pietermaritzburg KwaZulu-Natal

Kong et al.23

2012

10

Pietermaritzburg, KwaZulu-Natal

15

Nshuti et al.

2014

11

Soweto, Gauteng

Yang et al.25

2015

10

Cape Town, Western Cape

Jolayemi et al.26

2018

22

Pietermaritzburg, KwaZulu-Natal

24

Table adapted from Yang et al.27
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appendicitis. CT is associated with high sensitivity and
specificity for diagnosing acute appendicitis.11 Despite this,
there is conflicting evidence in the literature as to whether
preoperative CT scanning is associated with a reduction in
the NAR.12 Examples include Cuschieri et al., who in their
review of 3 540 cases demonstrated a significant decrease
in the NAR over time and a significantly increased use of
preoperative imaging.31 Raja et al. in their single centre
review also demonstrated a significant reduction in the
NAR to 1.7%, which correlated with a significant increase
in preoperative CT use.6 Tseng et al. in their review of
11 841 patients in the ACS-NSQIP database revealed that
preoperative CT imaging demonstrated the lowest odds of
a negative appendix.7 Drake et al. analysed Surgical Care
and Outcomes Assessment Programme data from 19 327
patients and demonstrated a significantly lower NAR in
those who underwent preoperative imaging.32
Conversely, Musunuru et al. in their review of 411
patients found no difference in the NAR between those who
underwent preoperative CT imaging and those who did not.33
Perez et al. in their single centre review showed that CT did
not affect the NAR.34 Frei et al. in a multicentre review,
demonstrated an increasing use of CT but no significant
decline in the NAR.35 Vadeboncoeur et al. demonstrated no
decrease in the NAR with preoperative CT imaging.36 Flum
et al. analysing data from the Group Health Cooperative
demonstrated that the NAR did not change over time despite
the introduction of US/CT, although they attributed this to
the low sensitivity of CT in their study.37
Females have been shown to benefit from preoperative
CT scanning.38,39 Morse et al. found that reproductive-age
females demonstrated a significant decline in the NAR with
preoperative CT imaging.40 Coursey et al. demonstrated that
the increased use of preoperative CT imaging in females
under 45 years of age coincided with a lower NAR.12
Our finding that reproductive-age females had a significantly higher NAR when compared to other age groups
can possibly be attributed to multiple gynaecological
pathologies which can confound the diagnosis in this patient
population.12 This age group has been associated with a
higher NAR.3
A prospective study is needed to comprehensively assess
factors contributing to the NAR in our centre in order to be
able to implement effective strategies to reduce the NAR.
Liberal preoperative CT scanning needs to be evaluated in
terms of benefit, feasibility and cost-effectiveness in a low
resource environment. Due to the nature of our setting, it
may not be feasible to perform a CT scan for all patients, and
therefore practical guidelines would need to be extrapolated
as to which group of patients would benefit most from
preoperative cross-sectional imaging. From our study and
the literature, reproductive-age females appear to be a highrisk group and thus a possible target for initial intervention.
As this group has shown to benefit from preoperative CT
scanning in the literature, it may be advisable to recommend
that all reproductive-age females who present with suspected
appendicitis at our centre undergo CT scanning. This will
aid in the diagnostic process and may assist in potentially
reducing the NAR. Other options to be considered include
point of care ultrasound and diagnostic laparoscopy.
Our study was limited due to its retrospective nature.
Clinical notes were not retrieved, and pathology slides
were not reviewed, and therefore findings were reliant on
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the pathology and radiology reports. There was also no
standardisation in both the pathology and radiology reports.
The clinical history was often poor on the pathology reports.
There were also limited variables examined, some of
which may have been able to account for our results. Due
to the limited imaging numbers, we are reluctant to draw
conclusions.

Conclusion
Our study demonstrated a significant decrease in the NAR
over the study period. Our rate, although higher than selected
international centres, is comparable to other South African
and international centres. The reason for the decline is not
evident from our current variables but may be due to later
presentation and an increased perforation rate. Reproductiveage females were found to have a significantly higher NAR.
As a negative appendicectomy carries significant risk, prospective studies are needed, in particular, to determine the
feasibility, cost-effectiveness, and benefit of preoperative
CT scanning in a resource-limited setting, especially in
reproductive-age females.
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