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Introduction
Sepsis is a heterogeneous syndrome which develops as a 
result of an unregulated immune response secondary to 
infection, and which can lead to organ dysfunction and death.1 
The worldwide incidence of sepsis appears to be increasing 
and it has been estimated that the annual global incidence 
is 31.5 million cases of which 19.4 million are severe.2 This 
translates into approximately 5.3 million sepsis related deaths 
each year.2-3 There is, however, very little information on 
the epidemiology and outcome of sepsis in low and middle 
income countries.2-8 This is a major deficit, as it is estimated 

that 90% of the worldwide deaths due to pneumonia, 
meningitis or other infectious causes occur in these countries.3 
Over the last decade guidelines for the management of sepsis 
and septic shock have been regularly released and updated 
as the Surviving Sepsis Campaign (SSC) guidelines. These 
guidelines propose “bundles of care”.9 Although data exists 
to suggest that implementing these “bundles of care” results 
in improved mortality rates,10-13 the uptake of these bundles 
in low- and middle-income countries (LMICs) has been 
heterogeneous.5-8 This project was undertaken in a busy 
public hospital in South Africa, which is a MIC. It set out 
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to audit our compliance with the 3-hour bundles of care for 
surgical sepsis and to interrogate how compliance or non- 
compliance impacted on the outcome of sepsis in our 
institution, with regards to mortality, ICU admission and 
length of hospital stay. 

Materials and methods

Clinical setting
This was a retrospective review of a prospectively entered 
database undertaken at the Pietermaritzburg Metropolitan 
Trauma Service (PMTS) in Pietermaritzburg, KwaZulu-
Natal Province (KZN), South Africa. KZN is located on 
the east coast of South Africa and has a population of over 
11 million people. Fifty per cent of the population resides in 
rural areas. Grey’s Hospital provides tertiary care to the city 
of Pietermaritzburg and also serves as the referral center for 
nineteen other rural hospitals within the western third of the 
province. This is a total catchment population of over three 
million people. Our prospectively entered electronic registry 
was reviewed for the five-year period from January 2010 to 
December 2014. Ethics approval for the maintenance of this 
registry was provided by the Biomedical Research Ethics 
Committee (BREC) of the University of KwaZulu-Natal 
(reference: BCA 221/13). 

Patient enrolment criteria and definitions
All emergency surgical patients over the age of fifteen 
years who were admitted to Grey’s Hospital were reviewed. 
Patients with a documented surgical source of infection and 
with at least two of the following 2012 ACCP/SCCM criteria 
for sepsis or septic shock,9 were identified: fever (> 38.3oC) or 
hypothermia (core temperature < 36oC), heart rate > 90 bpm 
or more than two standard deviations (SD) above the normal 
value for age, tachypnoea, altered mental status. 

Patients without a confirmed surgical source of sepsis 
were excluded. Data reviewed from the registry included 
basic demographic information, admission physiological 
parameters, biochemistry and haematology results, diagnosis, 
fluids administered, antibiotics received, surgery performed, 
requirement for intensive care (ICU) admission, length 
of hospital stay and mortality. Morbidities were classified 
by organ systems (e.g. hospital acquired pneumonia was 
classified as “respiratory system”). 

The surgical pathologies were classified into the following 
categories: intra-abdominal sepsis, diabetic related limb 
sepsis, soft tissue sepsis. 

We reviewed compliance with the SSC bundles within the 
first three hours of presentation.

The 3-hour bundle includes the following interventions: 
Measurement of a serum lactate level, obtaining blood cultures 
before the administration of antibiotics, the administration of 
broad-spectrum intravenous antibiotics, the administration of 
30 ml/kg of intravenous crystalloid if hypotension is present. 
Hypotension is defined as a systolic BP (SBP) less than 
90 mmHg.

For the purposes of this study, compliance was defined as 
completing the following components within three hours: 
measurement of serum lactate, administration of broad 
spectrum antibiotics within three hours and administration of 
30 ml/kg of intravenous colloid if patients had hypotension 
(SBP < 90 mmHg). Not all surgical patients get blood cultures 
done in the emergency department, so this component of the 
3-hour bundle could not be measured. Non-compliance was 
defined as failure to complete any or all of these components 
within three hours. Time of presentation/time zero was defined 
as the time of arrival in the emergency department.

Statistical methods
Data were processed and analysed using Stata 13.0 (StataCorp, 
2013). Continuous variables were summarised using mean 
and standard deviation [SD]. If there was evidence of 
skewing/asymmetrical outliers, the median and interquartile 
range [IQR] were presented instead. 

Results
Figure 1 shows the patient selection. Out of a total of 6 020 
adult surgical patients on the registry, 3 053 were elective 
patients, 1 664 patients did not fulfil the ACCP/SCCM criteria 
for sepsis or septic shock and 63 had incomplete records. The 
remaining 1 240 emergency surgical patients fulfilled the 
criteria for ACCP/SCCM criteria for sepsis or septic shock. 
Of these, 677 had a documented surgical source of sepsis and 
were included. Table 1 summarises the study population. Of 
the 677 patients, 49% (334/677) were male and the median 
age was 45 years [IQR 30y]. 

Clinical presentation
Physiological parameters (mean value) on presentation were 
as follows: systolic blood pressure (SBP): 123 mmHg [SD 
23], respiratory rate (RR): 21/min [SD 5.2], heart rate (HR): 
107 [SD 19], temperature (T): 37°C [SD 2], white cell count 
(WCC): 20 x109/L [SD 8]. Twenty-two percent (148/677) of 
all patients were known to be HIV positive, 13% (91/677) 
were negative and the remaining 65% (438) were of unknown 
HIV-infection status. The markers of disease severity on initial 

Figure 1. Flowchart of the study population 
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presentation to ED that were used included: hypotension 
(SBP < 90 mmHg), Glasgow Coma Score (GCS) < 15, a 
RR > 22 breaths/minute, SpO2 < 90%, and T either < 36oC 
or > 38oC. A total of 33 patients (4,9%) were hypotensive 
(SBP < 90mmHg), 68 patients (10,0%) had a GCS < 15, 202 
(29.8%) patients had a RR > 22 breaths/minute, 33 patients 
(4.9%) presented with SpO2 < 90% in room air, and 219 
(32.4%) patients had a temperature < 36oC or > 38oC. These 
data are tabulated in Table 1. 

Spectrum of surgical disease
Of the 677 patients, 53% (360/677) had intra-abdominal 
sepsis, 17% (116/677) had diabetic-related limb sepsis and the 
remaining 30% (201) had soft tissue infections. A total of 585 
operative procedures were performed. These data are included 
in Table 1. 

Outcome
A total of 118 patients (17%) required admission to ICU. The 
median hospital stay was 6 days (IQR 6), and 86 patients died, 
giving an overall mortality rate of 13%.

A total of 207 patients (31%) developed complications. The 
mortality for intra-abdominal sepsis was (13%), for diabetic 
foot sepsis (14%) and for necrotising fasciitis (27%).

Compliance with the SSC 3-hour bundle metrics
Table 2 shows the overall compliance with the 3-hour SSC 
bundle and the associated mortality. Compliance with all 
components of the 3-hour bundle metrics was achieved in 
379/677 patients (56%), and not achieved in 298/677 patients 
(44%). Table 3 and Table 4 show the differences between the 
compliant and the non-compliant groups. The only significant 
difference, between the compliant and the non-compliant 
groups was respiratory rate, which was greater than 22 
breaths/minute (131 vs 71, p = 0.002) in the compliant cohort. 
Amongst the compliant cohort 77/379 patients (20%) were 
admitted to ICU, whilst 41/298 patients (13.7%) in the non-
compliant cohort were admitted to ICU. This difference was 
statistically different (p = 0.026). There was no difference in 
the median length of hospital stay between the two groups. 
Fifty-five patients in the compliant cohort died (15%), whilst 
31 (10%) of the patients in the non-compliant cohort died. 
This difference was not statistically different (p = 0.111).

Table 1. The presenting demographics, clinical characteristics 
and outcomes of patients enrolled in this study. All numbers 
are presented as N (%) unless otherwise stated
General patient information
N 677
Age (years): median (IQR) 45y (30)
Gender:
Male
Female 

334 (49.3)
343 (50.7)

Geographic origin
Urban
Rural

318 (46.97)
359 (53.05)

HIV status:
Infected
Not infected
Unknown

148 (21.86)
91 (13.44)

438 (64.70)
Co-morbidities
Active TB
Hypertension
Diabetes
Cerebrovascular disease
Ischaemic heart disease
Malignancy
Peripheral vascular disease
Peptic ulcer disease
Chronic lung disease
Chronic renal failure
Lymphoma

20 (3)
208 (31)
162 (43)

20 (3)
2 (0.3)
3 (0.4)
8 (1.2)

13 (1.9)
20 (2.3)
8 (1.2)
1 (0.1)

Source of surgical sepsis
Intra-abdominal
Diabetic limb 
Soft tissue

360 (53)
116 (17)
201 (30)

Operative procedures for source control 585 
Physiological parameters on presentation 
[mean (SD)]
SBP (systolic blood pressure) respiratory 

Rate (RR)
Heart rate (HR)
Temperature (T)
White cell count (WCC) 

123 mmHg  
[SD 22.7]

21/min [SD 5.2]
107 [SD 18.7]

36.9°C [SD 1.2]
17.2 x109/L  

[SD 8.2]
Clinical markers of severity on initial 
presentation in ED n (%)
Hypotension (SBP < 90 mmHg) 
GCS < 15/15
RR > 22 b/min
SaO2 < 90%
Temperature < 360C or > 380C

33 (4.87) 
68 (10.04)

202 (29.84)
26 (3.8)

219 (32.35)
Outcomes for cohort
Admitted to ICU
Hospital length of stay (median), days (IQR)
Mortality 

118 (17.4%)
6 (6)

86 (13%)

Table 2. Overall compliance with the SSC 3-hour resuscitation 
and management bundle elements and associated hospital 
mortality
Component of 3-hour bundle
Number of eligible patients (N) 677
Measurement of lactate 623 (92.02)
Administration of broad-spectrum antibiotics 512 (75.63)
Administer 30 ml/kg crystalloid for hypotension 33 (100)*

Full three-hour bundle 379 (55.98)

All numbers are presented as n (%) unless otherwise stated.
*There were 33 patients who were hypotensive and all 33 received a 
minimum of 30 ml/kg ivi crystalloid.
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Discussion
In 2004, the SSC published guidelines for the management 
of sepsis and septic shock. These included graded 
recommendations on the diagnosis, initial resuscitation, 
supportive care and monitoring of patients with sepsis and 
suspected sepsis.14 They were initially based on the concept 
of early goal-directed therapy15 and aimed to reduce the 
global number of sepsis related deaths by a quarter over the 
next five years. The guidelines have been updated at four 
yearly intervals and are presented as “bundles of care”. They 
cover the essential interventions for the early diagnosis and 
treatment of septic shock. Studies have demonstrated that the 
implementation of these sepsis bundles decreases the crude, 
in-hospital and 28-day mortality of patients with sepsis and 
septic shock.10-13 Despite this, there has been patchy uptake 
of the sepsis bundles, especially in resource-restrained 
environments.3-8 Only a small percentage of sub-Saharan 
African institutions have the required facilities, equipment, 
drugs and disposable materials to implement the SSC 
guidelines in their entirety.3-8

A number of recommendations have been provided to assist 
in the management of sepsis in resource-limited settings.16 
Leisman et al.17 showed that aggressive adherence to a 3-hour 
sepsis bundle, which included taking blood cultures before 

administration of antibiotics, parenteral antibiotics within  
180 minutes of diagnosis, lactate measurement within  
90 minutes and 30 ml/kg IV crystalloid bolus within 30 
minutes of time-zero, is associated with improved survival 
and cost savings. In the current study, compliance with the 
components of the 3-hour bundle was only achieved in 56% 
of cases, yet this did not seem to translate into a difference in 
clinical outcomes. Although there was a significantly higher 
rate of admission to ICU in the compliant group, there was 
no difference between the two groups with respect to hospital 
length of stay, or mortality. It is difficult to explain these 
observations. It is possible that these findings might reflect 
greater disease severity in the patients whose care included 
compliance with all the metrics of the 3-hour bundle, however 
the two cohorts were similar in terms of demographics and 
presenting physiology. The only significant clinical differences 
between the compliant and the non-compliant cohorts was 
that more patients in the compliant group had a respiratory 
rate greater than 22 breaths/minute.

Although this study has limitations, it is one of the few 
studies to report on the rate of compliance with the 3-hour 
SSC bundle in patients with surgical sepsis in a resource-
limited setting and to attempt to critically review the impact 
of these bundles of care. The fact that compliance did not 
translate into improved outcomes is counter-intuitive and 

Table 3. Comparison between the compliant and the non-compliant groups
Compliant N = 379 Non-compliant N = 298 P value

Males n (%) 184 (49) 150 (50)
P = 0.644

Females n (%) 195 (51) 148 (50)
Age (median, yrs) 45 46
Clinical parameters, mean (SD)
SBP 
RR
Temp
HR
GCS
Lactate (mmol/L)
WCC (cellsx109/L)

123 mmHg
22

370C
108
15
1.6

19.7

122 mmHg
20

370C
104
15
1.2

19.9
Markers of severity
SBP < 90 mmHg n (%)
GCS < 15/15 n (%)
RR > 22 b/min n (%)
SaO2 < 90% n (%)
Temperature n (%) < 360C or > 380C

16 (4.2)
40 (10.5)

131 (34.6)
19 (5.1)

121 (31.8)

17 (5.7)
28 (9.4)

71 (23.8)
7 (1.4)

98 (32.5)

P = 0.374
P = 0.619
P = 0.002
P = 0.073
P = 0.791

Table 4. Comparison of outcomes between compliant and non-compliant groups
N (%) ICU N (%) LOS Mortality N (%)

Compliant 380 (56%) 77 (20%) 6 55 (14.5%)
Non-compliant 298 (44%) 41 (13%) 6 31 (10.4%)
p-value 0.026 0.11
* LOS - length of stay (median), days
See text for definitions of compliance and non-compliance
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there are several potential explanations. Most of the studies 
which report on improved outcomes in centres in which there 
is high compliance with the SSC guidelines do not focus 
solely of patients with surgical sepsis. In patients with surgical 
sepsis, surgical source control remains paramount. The SSC 
guidelines, however, focused on early goal-directed therapy 
and excluded patients who required immediate surgery.15 The 
SSC guidelines recommend source control within 12 hours in 
appropriate patients.9 These recommendations have tended to 
under-emphasise surgical source control, and it is important 
to be aware of this when implementing these protocols in 
patients with surgical sepsis.18,19. Delay in achieving surgical 
source control has been shown to impact negatively on 
outcomes for surgical sepsis. Azuhata et al.21 showed that 
in patients with gastrointestinal perforation associated with 
septic shock, time to source control is a crucial determinant 
of survival, and that source control may be required as early 
as 6 hours from admission. In addition, the importance of 
the impact of time delay to source control on the outcome of 
surgical sepsis has been emphasised in a number of recent 
consensus publications.22,23  This is particularly the case in 
low-resource settings where access to surgical care is limited 
and delays to definitive treatment may be prolonged. Patients 
with sepsis in LMIC countries encounter numerous barriers to 
care and tend to present with advanced disease.8,18,19 The SCC 
bundles are described as useful in the early management of 
sepsis, and the delays which patients in this study may have 
experienced prior to presentation may render the bundles less 
efficacious. These factors all emphasise the need for further 
ongoing research on the appropriate management of surgical 
sepsis in our setting.

Conclusion
Compliance with the SCC 3-hour bundle did not seem to 
improve mortality outcomes in our setting. This observation 
cannot be adequately explained with our current data and 
further work looking at management of surgical sepsis in our 
setting is required. Time to surgical source control is probably 
the single most important determinant of outcome in patients 
with surgical sepsis and other aspects of the care bundle are of 
secondary importance.
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