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Abstract

Background This study reviews our use of laparoscopic versus open appendicectomy over the last decade to track
the trends in their usage in a middle-income country.

Methods A retrospective study was conducted on patients with intraoperative confirmed acute appendicitis from
January 2013 to December 2019 at Grey’s Hospital, Pietermaritzburg, South Africa.

Results Eight hundred fifty-one cases of AA were included. 724 (85%) patients underwent open surgery; 435 (60%)
via a midline incision and 194 (27%) via a local incision. 127 (15%) patients underwent laparoscopic appendicec-
tomy. A significant rend was noted for an increasing proportion of surgery performed by laparoscopy compared to
open surgery (p = 0.02). Patients who underwent open surgery compared to laparoscopy presented with greater
peritonism (48.5% vs. 28%, p < 0.001), delay from symptom onset (3 vs. 2 days, p < 0.001), more frequently from
rural areas (94% vs. 86%, p = 0.002) and with higher AAST scores (46.7% AAST > 4, vs. 14.9%, p < 0.001). This
former group had significantly greater morbidity (42% vs. 35%, p < 0.001) with higher Clavien-Dindo scores, were
more likely to require ICU admission (8.3% vs. 2.3%, p < 0.001) and have longer hospital stay (4 days vs. 2 days,
p < 0.001); no statistically significant difference in mortality was observed (1.1% vs. 0.8%, p = 0.75).
Conclusions There has been a steady increase in the uptake of laparoscopic appendicectomy and decrease in open
approaches in our centre. There is still a high rate of patients with advanced disease, and it is unlikely that this cohort
will be suitable for laparoscopic surgery. If we hope to increase the uptake of laparoscopic surgery for acute
appendicitis even further, we must focus on identifying patients with early and low-grade disease.

John Bruce

Varun Thirayan johnlbruce78 @gmail.com
varunthirayan @ gmail.com .
Grant Laing

Maheshwar Naidoo grantlaing@me.com

maheshwar.naidoo @gmail.com .
Damian Clarke

Victor Kong damianclar@gmail.com
victorywkong @yahoo.com
Department of Surgery, University of KwaZulu Natal,

Vishendran Govindasamy Durban. South Afri
urban, Sou rica

vishgovin@protonmail.com

Ash Dasrath Mental Health and Addictions, Waikato Hospital, Hamilton,
ashdasrath@gmail.com New Zealand

Bob Mills 3 Department of Surgery, University of the Witwatersrand,
bobbmills @protonmail.com Johannesburg, South Africa

@ Springer



http://orcid.org/0000-0002-4528-8445
http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-022-06454-8&amp;domain=pdf
https://doi.org/10.1007/s00268-022-06454-8

1016

World J Surg (2022) 46:1015-1021

Introduction

Although acute appendicitis (AA) is the most common
surgical emergency, there are major differences in its
presentation, management and outcome, across the globe.
The reasons for these disparities are manifold and include
issues surrounding access to care and surgical resources
[1-3].

In high income countries, there has been widespread
adoption of laparoscopic appendicectomy, and much
interest in the non-operative management of AA [4]. For
example, 90% of paediatric appendicitis is treated laparo-
scopically in one US centre versus only 2.4% in a South
African cohort [5, 6]. There has been pressure to apply
laparoscopic approaches to the management of compli-
cated appendicitis. A review of 6428 patients has observed
no difference in the rate of post-operative intra-abdominal
abscess formation and improved outcomes, when compar-
ing laparoscopic appendicectomy and open appendicec-
tomy [7]. Meta-analysis of 1724 patients observed that the
non-operative management of uncomplicated appendicitis
was successful in 71% of patients at a 1 year interval [8].

However, the data that are available from low-income
countries paints a picture of late presentation of AA, with
increased severity of pathology and subsequent high rates
of open surgery with significant morbidity [4, 5, 9]. The
literature presents a stark portrait of a disease amenable to
minimal access surgery and non-operative management in
the developed world, and a disease associated with com-
plicated open surgery and significant morbidity in the
developing world.

South Africa, though a middle-income country (MIC), is
beset by huge discrepancies in wealth and access to care. A
well-established private sector provides care to approxi-
mately twenty per cent of the population with medical
insurance, and a poorly managed state sector provides care
to the remaining eighty per cent. The comparative data here
are limited, but what there is demonstrates a discrepancy
with AA frequently being managed laparoscopically in the
private sector with relatively low rates of morbidity com-
pared to the state sector where the rate of laparoscopic
surgery is low and there are very high rates of morbidity
and even mortality [10].

The surgical service in Pietermaritzburg has had an
interest in the management and outcome of AA for over a
decade, and has published an extensive body of the liter-
ature on the topic. This has been fed into our ongoing
attempts at quality improvement. In light of this, there has
been a programme designed to increase access to laparo-
scopic appendicectomy in our centre since 2012. This
programme has been aimed at increasing awareness of the
place of laparoscopic appendicectomy as well as removing

@ Springer

logistical obstacles to the use of laparoscopy, and in
increasing our understanding of how the grade of disease
may impact on the use of laparoscopy.

This study reviews our use of laparoscopic appen-
dicectomy and open surgery over the last decade and
attempts to track trends in usage of these two approaches in
our setting.

Materials and methods
Clinical setting

This was a retrospective study undertaken at Grey’s
Hospital, an academic tertiary centre based in Pietermar-
itzburg, KwaZulu-Natal, South Africa. A registry of all
acute appendicitis cases has been maintained under the
Hybrid Electronic Medical Registry (HEMR) which cap-
tures data on all patients from 2012. KwaZulu-Natal is
located on the east coast of the country and has a popula-
tion of over 11 million. Fifty per cent of the population
lives in the rural areas. PMTS is the largest academic
surgical centre in western KZN and is the tertiary referral
centre covering a total catchment population of over three
million people. The catchment area is divided into two
distinct health districts. The urban district (UD) includes
the city of Pietermaritzburg and the surrounding suburban
areas. The rural district (RD) includes all areas outside the
geographical boundaries of the city of Pietermaritzburg.
Ethics approval for the HEMR has been granted by the
Biomedical Research Ethics Committee of the University
of Kwa Zulu-Natal (ref. no. BE207/09 BCA 221/13).

The study

All patients who underwent an appendicectomy from Jan-
uary 2013 to December 2019 were included. These include
all intra-operatively confirmed appendicitis. Basic demo-
graphic data, admission clinical detail (presentation,
physiology and laboratory findings), operative interven-
tions and clinical outcomes were reviewed. American
Association for the Surgery of Trauma (AAST) scores were
used to assess intraoperative severity and Clavien-Dindo
score to grade post-operative complications.

For this study, we defined ‘laparoscopic approach’ as the
entire procedure performed laparoscopically, any conver-
sion being considered an ‘open approach’. The open
approach is further divided into a ‘local incision’ (e.g. Lanz
incision, Gridiron incision or any variation) or a midline
‘laparotomy’. Our institutional policy is to manage all AA
surgically. There are a number of potential barriers to
accessing laparoscopy. These include such as lack of
equipment, resistance by nursing staff and anaesthetic staff,
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Table 1 Characteristics of patients with intraoperative appendicitis 2013-2019 in a South African tertiary hospital

Laparoscopy Open surgery p value Total

n =127 n="724 n =851
Patient characteristics
Age, median (range) 24 (10-81) 23.5 (3-95) 0.41 24 (3-95)
Gender, n, %
Male 55 (10) 476 (90) <0.001 531
Female 72 (23) 248 (86) 320
Location, n, %
Urban 18 (28) 46 (72) 0.002 64
Rural 109 (14) 678 (86) 0.002 787
Duration of illness prior to admission, median (range) 2 (0-72) 3 (0-96) <0.001 3 (0-96)
Signs/Symptoms, n, %
Anorexia 42 (15) 247 (85) 0.82 289
Nausea/Vomiting 90 (14) 538 (86) 0.42 628
Migratory RIF pain 44 (15) 247 (85) 0.91 291
Non-Migratory RIF pain 69 (17) 331 (83) 0.07 400
Diarrhoea 14 (19) 59 (81) 0.29 73
Constipation 25 (17) 123 (83) 0.46 148
Local tenderness 103 (19) 450 (81) <0.001 553
Generalised tenderness 22 (7) 273 (93) <0.001 295
Peritonism 36 (9) 351 (91) <0.001 387
Physiology/biochemical
Temperature, median (range) 36.5 (34.9-38.7) 36.8 (34.9-40.6) <0.001 37 (34.9-40.6
Heart Rate, median (range) 85 (49-126) 95 (14-177) <0.001 94 (14-177)
WCC, median (range) 11.3 (2.6-64) 13 (1.8-81.5) 0.003 13 (1.8-81.5)

P < 0.01, statistically significant

and lack of confidence amongst trainees with laparoscopy.
There are also operative concerns. If the patient clinically
has diffuse peritonitis, laparoscopy is usually eschewed in
favour of an open approach.

Statistical analysis

Statistical analysis was completed using IBM SPSS version
27 for Windows (IBM Corp. Released 2020. IBM SPSS
Statistics for Windows, Version 27.0. Armonk, NY: IBM
Corp). Normality of data was investigated using the Sha-
piro—Wilk test. Normally distributed continuous variables
were compared using students independent, two-tailed
t-test, whereas categorical data groups were compared
using Chi squared or Fishers exact test where appropriate.
Non-normally distributed continuous variables were com-
pared using Kruskal-Wallis test. A direct comparison was
made between those who underwent open surgery versus
those who underwent laparoscopic surgery and a further

comparison was made between those with local incision
versus those who received midline laparotomy.

Results
Overview

Over the 7-year period, 851 cases of AA were surgically
managed by our institution. The median number of cases
per year was 122. Sixty-two per cent of patients were male
and median age was 24. A total of 249 (29%) patients were
less than 18 years old (range 3-18). The most frequent
presenting features were nausea and vomiting (74%), local
tenderness (65%), non-migratory right iliac fossa pain
(47%) and peritonism (45%). Table 1 outlines patient
characteristics of the entire cohort. The mean time from
onset of symptom to presentation was 4 days.

@ Springer



1018

World J Surg (2022) 46:1015-1021

Proportion of laparoscopy versus open surgery in
patients with intra-operative appendicitis, p=0.02
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Fig. 1 Proportion of laparoscopy versus open surgery in patients
with intraoperative appendicitis, p = 0.02

Surgical management

A total of 724 (85%) patients underwent open surgery.
Open procedures included 435 (60%) via a midline incision
and 186 (25.7%) via a local incision. 127 (15%) patients
underwent laparoscopic appendicectomy. 19 (15%)
required conversions from laparoscopy to open surgery. A
significant trend was noted for an increasing proportion of
surgery to be performed by laparoscopy and a concurrent
reduction in the number of open surgeries performed
between 2013 and 2019, shown in Fig. 1 (p = 0.02). Of all
open surgeries performed, there has been an increasing

temporal trend in the proportion of midline versus local
incision; 70% midline in 2013 to 88% in 2019 (p = 0.04);
no corresponding temporal increase in AAST was
observed.

Clinical outcome

Overall, 41% of patients had one or more morbidity. 7.4%
required ICU admission. The median length of hospital
stay was 4 (0-79) days and the overall mortality was 0.9%.

Laparoscopy versus open surgery

Patients who underwent open surgery compared to
laparoscopy were significantly more frequently male (66%
vs. 56%, p < 0.001), presented with greater delay from
symptom onset (3 vs. 2 days, p < 0.001) and from rural
areas (94% vs. 86%, p = 0.002). A significantly greater
proportion of patients who underwent open surgery com-
pared to laparoscopy had peritonism (48 vs. 28%) and
generalised tenderness (37% vs. 17%, Table 1). Signifi-
cantly higher temperature, heart rate and white blood cell
count were noted in patients undergoing open surgery
compared to laparoscopy (Table 1). The median AAST
grade was significantly higher in those who underwent
open surgery compared to laparoscopy (46.7% AAST > 4,
vs. 14.9%, p < 0.001).

Table 2 Intraoperative appendicitis AAST and outcomes 2013-2019 in a South African tertiary hospital

Laparoscopy Open surgery p value Total
n=127 n =724 n =851
AAST
1 89 210 <0.001 299
2 5 41 46
3 14 135 149
4 19 187 206
5 0 151 151
Clavien-Dindo
1 25 7 <0.001 32
2 6 49 55
3 18 150 168
4 2 56 58
5 1 8 9
ICU stay, n 3 60 <0.001 63
ICU length of stay, days 1(1-1) 3 (0-45) 0.17 3 (0-45)
Total hospital duration 2 (1-13) 4 (0-79) <0.001 4 (0-79)
Total complications 44 301 <0.001 345
Died 1 8 0.75 9

Clavien-Dindo score includes post-operative complications only; total complications included intraoperative and post-operative complications

P < 0.05, statistically significant
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Table 3 Complications in patients with intraoperative appendicitis
between 2013 and 2019 in a South African tertiary hospital

Laparoscopy Open surgery Total

n =127 n="724 n =851
Procedure
Bowel resection 0 72 90
Stoma 0 21 21
Laparostomy closure 0 79 79
Relook 2 90 92
Multiple laparotomy (> 2) 0 26 26
ITatrogenic intraoperative 1 65 66
Abdominal 3 57 59
Wound 0 14 14
Respiratory 0 40 40
Cardiac 1 10 11
Renal 5 23 28
Died 1 8 9

The morbidity in patients with open surgery was sig-
nificantly higher compared to laparoscopy (42% vs. 35%,
p < 0.001) and significantly higher median Clavien-Dindo
scores were observed (summarised in Table 2). Compared
to those who underwent laparoscopic surgery, those who
underwent open surgery were significantly more likely to
require ICU admission (8.3% vs. 2.3%, p < 0.001) and
have longer hospital stay (4 days vs. 2 days, p < 0.001);
no statistically significant difference in mortality was
observed (1.1% vs. 0.8%, p = 0.75), summarised in
Table 3.

Local incision versus laparotomy

Of the 724 cases who underwent open surgery, those who
underwent midline laparotomy were significantly more
likely to be older (median age 25 years vs. 21 years,
p < 0.001), female (38% vs. 25%, p = 0.003), have greater
delay to admission (median 3 vs. 2 days, p < 0.001),
higher temperature (37 vs. 36.6 °C, p < 0.001), tachycar-
dia (100 vs. 80, p < 0.001) and leucocytosis (13.9 vs.
11.9 x 10°/L, p < 0.001). Patients undergoing a midline
laparotomy compared to a local incision were significantly
more likely to present with generalised tenderness (45% vs.
14%), and peritonism (54% vs. 39%) (p < 0.001); those
receiving local incision presented with migratory right iliac
fossa pain more frequently (44% vs. 30%, p < 0.001). A
significantly greater proportion of patients undergoing a
midline laparotomy had AAST IV or V pathology com-
pared to patients undergoing a local incision (56% vs. 18%,
respectively) and had higher total complications (69% vs.
22%). Mortality was significantly higher in the midline

Table 4 Characteristics of patients with intraoperative appendicitis
receiving midline versus local incision laparotomy 2013-2019 in a
South African tertiary hospital

Local Midline p value  Total
incision laparotomy
n =194 n =435 629
AAST
1 132 63 < 0.001 195
2 12 26 38
3 15 101 116
4 34 122 156
5 1 123 124
Clavien-Dindo
1 7 0.12 7
2 31 38
3 16 108 124
4 1 41 42
5 0 6 6
ICU stay, n 1 37 63
ICU length of 1 (1-1) 3 (0-45) 0.15 3 (045)
stay, days
Total hospital 2 (0-79) 5(0-79) < 0.001 4 (0-79)
duration
Total 42 301 < 0.001 343
complications
Died 0 6 0.003

Clavien-Dindo score includes post-operative complications only; total
complications  included intraoperative = and  post-operative
complications

P < 0.05, statistically significant

versus local incision group (1.4% vs. 0%, p = 0.003)
(Table 4).

Discussion

Outcomes for a large contemporary cohort of patients with
acute appendicitis was first reported from Pietermaritzburg
in 2012. This seminal paper highlighted the fact that AA in
a country like South Africa, is a morbid disease with less
than optimal outcomes [11]. Since then, there has been
number of reports on AA highlighting the fact that out-
comes, are influenced by poverty levels, geography and
general access to surgical care [2, 4, 10]. In response, we
have developed a major quality improvement programme
in our institution, intended to improve the outcome of AA
by streamlining patient flow through our institution and by
increasing access to laparoscopy.

This current data set has highlighted some trends in the
management of AA at our institution. There are two
striking observations. Although the rate of laparoscopic
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appendicectomy remains low compared to both the inter-
national literature and the South African private sector,
there has been a steady increase in the rate of the laparo-
scopic approach (Fig. 1). Laparoscopy was significantly
more frequently used in female patients (23% vs. 10%).
This may be due to aesthetic preference or as part of
management of gynaecological pathology. The other
striking observation is that despite the increasing rate in
laparoscopy, within the open surgery cohort, there is a very
high rate of midline laparotomy as compared to local
incision (Table 4).

In 2015 Kong et al. [4] reported a much lower rate of
laparoscopic appendicectomy (3%) and an overall high rate
of laparotomy (61%). The high rate of laparotomy was
attributed to the late presentation and advanced stage of
disease encountered in our environment. The more
advanced the disease process, the more likely the need for
open surgery and resource utilisation [12]. This is also
observed in our current series; the patients requiring open
surgery were more likely to be from rural areas, to have a
longer duration of symptoms and to have signs and markers
of systemic sepsis such pyrexia, leucocytosis as well as
peritonism. In addition, there was a much higher rate of
high-grade disease in the patients undergoing open surgery
than in those undergoing laparoscopic surgery. The fact
that the open surgery cohort had significantly worse out-
comes than the laparoscopic cohort reflects the greater
severity of disease in the open group.

The very low rate of laparoscopy in our setting has been
attributed to a combination of logistical factors as well as
to the advanced stage of disease encountered [1, 4, 11].
Since those publications there has been a sustained
endeavour to increase access to laparoscopy and to address
these logistical issues. The result has been an increase in
the rate of usage of the laparoscopic approach from 3% in
2012 to around 25% in 2019. In the cohort undergoing
open surgery, those undergoing midline laparotomy had
more advanced disease and were more physiologically
deranged than those requiring a local incision. This sug-
gests that the patients in this cohort who underwent open
surgery via a local incision may have been eminently
suitable for a laparoscopic approach. If we hope to increase
the uptake of laparoscopic surgery for acute appendicitis
even further, we must focus on this group of patients.

Conclusions

There has been a steady increase in the uptake of laparo-
scopic appendicectomy and decrease in open approaches in
our centre over the last seven years in our setting. There is
a high rate of patients with advanced disease, and it is
unlikely that this cohort will be suitable for laparoscopic

@ Springer

surgery. If we hope to increase the uptake of laparoscopic
surgery for acute appendicitis even further, we must focus
on identifying patients with early and low-grade disease.
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