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abstract
aims: To study in-patient mortality before and after the introduction of a whole-of-system sepsis quality improvement programme at 
a tertiary hospital in New Zealand.
methods: The “Raise the Flag” sepsis quality improvement programme was launched in 2018. Discharge coding data were used to 
identify sepsis cases between May 2015 and July 2021.
results: Of 4,268 cases of sepsis identified, 81% were over 55 years old, 34% were of Māori or Pacific Island ethnicity, 61% had  
significant co-morbid illness and over two thirds (68%) lived in the two highest quintiles of socio-economic deprivation. The adjusted 
odds of in-patient mortality were lower in the post-launch period (adjusted odds ratio [aOR] 0.83, 95% confidence interval [CI] 0.7–0.98, 
p<0.05), and were higher in association with age (aOR 1.04 for every additional year of age, 95% CI 1.03–1.05, p<0.01), socio-economic 
status (aOR 1.47 comparing the highest quintile of socio-economic deprivation with the lowest, 95% CI 1.06–2.04, p=0.02) and comorbidity 
(aOR 2.42 comparing a comorbidity score of 1 with a score of 0, 95% CI 2.1–3.52, p<0.01).
conclusion: In patients with a sepsis diagnosis, the odds of in-patient death were lower following the launch of the Raise the Flag 
sepsis quality improvement programme.

Ensuring reliable recognition and early 
resuscitation of sepsis in frontline health 
services should be a priority globally and for 

New Zealand, a country with high rates of invasive 
bacterial infection.1–7 For example, the incidence 
of invasive skin and soft tissue infection caused by 
Staphylococcus aureus rose from 81 to 140 cases 
per 100,000 population between 2000 and 2011, 
while rates of invasive Group A beta-haemolytic 
streptococcal disease rose from 4 to 9 per 100,000 
population between 2002 and 2016.3,4 Using  
discharge coding data collected between 1989 and 
2008, Baker et al. demonstrated a 5% increase 
in the proportion of hospital admissions caused 
by infectious diseases. The risk of infection- 
related hospital admission at least doubled in 
association with ethnic group (Māori or Pacific 
Island), socio-economic deprivation and age 
(below age 5 or above age 70).5 In this context, 
it would be logical to expect an increase in the  
number of acute presentations with sepsis, which is  
currently defined as a “life-threatening illness 

due to a dysregulated host response to infection”.6 
In a study conducted in the Waikato Region,  
Huggan et al. reported that sepsis admissions were 
more frequent in 2012 compared with 2008 (age- 
standardised rate ratio [ASRR] 1.62, 95%  
confidence interval [CI] 1.18–2.24), and that sepsis 
was over three times more likely among people 
of Māori ethnicity (ASRR 3.22, 95% CI 2.85–3.65).7 

At our hospital in 2016, a group of clinicians 
with expertise in sepsis management was tasked 
with improving sepsis management in publicly 
funded facilities in the Waikato Region. This led 
to the design and implementation of a whole-of-
system quality improvement intervention, known 
as “Raise the Flag”. The Raise the Flag programme 
led to an early but non-sustained improvement 
in the delivery of an acute sepsis resuscitation 
bundle.8 Beyond immediate resuscitation efforts, 
however, the programme encouraged a culture 
of prioritising sepsis management and removing  
barriers to this objective. We therefore hypothesised 
that the Raise the Flag programme could impact 
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sepsis mortality independently of immediate 
resuscitation practice, and conducted a retro-
spective study of this outcome using discharging 
coding data. 

Methods
Of the Waikato resident population at the 

2018 New Zealand Census (n=458,202), 24%  
identified as Māori (n=109,488).9 Waikato  
Hospital is the tertiary referral centre for four 
public hospitals in the Waikato Region. In 2015, 
10% of New Zealand’s emergency department 
presentations were managed across this hospital 
network (105,347/1,062,047). Sixty-eight percent 
of these were direct to the Waikato Hospital 
emergency department (n=72,070).10 

In 2016, a multi-disciplinary Sepsis Action Group 
(SAG) was established by the Waikato District 
Health Board Quality and Patient Safety executive. 
By 2017, the group included infectious disease, 
intensive care, paediatric medicine, emergency 
medicine, rural medicine, intensive care nursing, 
quality improvement, public relations, commu-
nications and graphic design experts. Consumer 
and resident medical officer representatives 
were also appointed. The group received advice 
from experts in Māori health and reported to the 
Waikato Hospital Iwi Māori Council. 

The position of sepsis nurse coordinator was 
established in 2018, and a sepsis recognition 
and action tool was introduced to all acute care  
facilities in August of that year. The tool listed 
high-risk findings necessitating urgent treatment 
and, on the reverse, specified six actions to be  
completed urgently, ideally within 60  
minutes. These actions were i) administer oxygen 
if required, ii) give fluid if required, iii) measure 
serum lactate, iv) send blood cultures, vi) give 
appropriate antibiotics and vi) measure urine 
output.8

Alongside introduction of the tool, concerted  
efforts were made to increase health work-
force awareness of sepsis as a product of health 
in-equity, and a major cause of mortality.  
Dedicated educational resources were offered to 
all staff, including an e-learning package, while  
mandatory orientation to the programme was 
included in new staff orientation. Summary 
resuscitation outcomes were shared with staff 
in newsletters and grand rounds. The sepsis 
nurse coordinator provided in situ education 
and training for frontline staff. Senior clinical 
leaders within individual departments, termed 

“sepsis champions”, were recruited to promote 
programme adoption and to explore barriers 
to timely recognition and treatment of sepsis.  
Continuous improvement based on this feed-
back led to the post-launch development of new 
resources. These included an acute abdomen path-
way (based on the need to prioritise abdominal 
imaging and transfer to theatre in abdominal 
sepsis), a hypoperfusion pathway (to define intensive 
care unit [ICU] referral criteria and indications for 
use of vasoactive medications) and a multi-media 
design package to increase programme visibility in 
clinical and non-clinical areas. Māori and Pacific 
ethnicities were added as an “amber flag” to the 
sepsis recognition and action tool early in 2020 based 
on concern for higher prior probability of infection 
and sepsis as a cause of acute illness. Changes in 
programme and policy were communicated to 
staff by the SAG within the wider communication 
and education efforts given above, and through 
the network of sepsis champions.

This was a low-risk observational study, registered 
prospectively with the local audit committee, but 
was considered out-of-scope for a Health and 
Disability Ethics Committee review. Programme 
evaluation was informed by Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.11 

Sepsis cases were identified in discharge  
coding data from May 2015 to July 2021 using the 
New Zealand Sepsis Indicator (NZSI), developed 
to mirror traditional approaches to the study 
of sepsis epidemiology.12 The NZSI makes use 
of the International Statistical Classification of  
Diseases and Related Health Problems 10th Revision, 
Australasian Modification (ICD-10-AM). It identifies  
primary discharge codes specifying sepsis (i.e., 
A40.0 Sepsis due to streptococcus, group A), which 
are associated with secondary codes defining organ 
failure (i.e., N17 Acute renal failure).12 Eighty-six 
percent of patients identified by the NZSI meet 
current clinical criteria for sepsis.7,12

Although quality improvement efforts covered 
paediatric admissions, earlier work suggests that 
the NZSI performs poorly in identifying paediatric  
sepsis cases.6,12 Patients aged 15 and over are 
admitted to adult services at Waikato Hospital 
so were exposed to the intervention. For these  
reasons, we included in this study all acute, over-
night admissions to Waikato Hospital of patients 
aged 15 and over. To avoid potential bias intro-
duced by the need for transport for definitive 
care, we excluded cases presenting to other  
hospitals in our network in this analysis. The 
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primary outcome was in-hospital mortality  
measured at acute hospital discharge. This excludes 
time in convalescent care and rehabilitation  
facilities. Secondary outcomes of interest were: 
30- and 90-day mortality; need for ICU admission; 
ICU length of stay (LOS); and acute in-patient LOS. 
Exposures measured were: age; prioritised ethnic-
ity; an address-based measure of socio-economic 
deprivation; and the Charlson Comorbidity Index 
(calculated using a method validated for use in 
discharge coding data).13,14 Based on the study of 
Burrell et al., we divided time exposure into two 
periods, an extended baseline period (May 2015 
to July 2019) and a post-implementation period 
(August 2019 to June 2021).1 

A final record extract was undertaken on 16 
October 2021, which included mortality data 
through to 30 September 2021. Regional population 
estimates derived from the 2018 New Zealand  
Census were used to estimate age-standardised 
sepsis incidence. The Chi-squared test was used 
to compare categorical variables with results  
considered significant at a p-value of less than 
0.05. Binary logistic regression was used to  
calculate adjusted odds ratios [aOR] and 95%  
confidence intervals [CI] for individual  
variables (gender, age, ethnicity, socio-economic 
status, Charlson Comorbidity Index score and year 
of admission) against outcomes of interest (in- 
patient, 30- and 90-day mortality). For independent 
variables included in the binary logistic regression, 
missing values were coded as “unknown”. This 
was to avoid excluding patients with missing values 
in some variables and to include all patients in the 
analysis. All data analyses were performed in IBM 
SPSS statistics version 27 (New York, United States). 

Results
Four thousand, two hundred and sixty-eight  

sepsis cases were identified and are described in 
Table 1. There were 2,432 cases in the extended 
baseline period and 1,836 in the post-implementation 
period. Sepsis was more common among men 
(58%), those aged over 55 (81%) and in the pres-
ence of significant comorbidity based on a Charlson 
score ≥1 (61%). Over two thirds (68%) of all cases 
were recorded as living in the two highest quintiles 
of socio-economic deprivation. One third (34%) 
of all patients were of Māori or Pacific ethnicity. 
The majority of patients (81.5%) were managed 
on the general wards without ICU admission. 
The proportion of patients with no comorbidity 
was higher in the post-implementation period  

(proportion of patients with a Charlson score of 
0, 41.9% vs 36.1%, p=<0.01). In the total study  
population, in-patient mortality was 20% (838/4,268). 
Table 2 demonstrates that crude mortality was 
lower in the post-implementation period (in-hospital 
mortality 17.4% vs 21.3%, p<0.01). There was no 
crude difference in ICU or in-patient LOS. 

The results of binary logistic regression are 
shown in Table 3. Admission during the post- 
implementation period was associated with 
reduced odds of in-hospital mortality (odds ratio 
[OR] 0.83, 95% CI 0.7–0.98, p <0.05). There was 
weak evidence of lower 30-day mortality (OR 0.86, 
95% CI 0.74–1.00, p=0.051). There was no evidence 
of a difference in 90-day mortality (OR 0.90, 95% 
CI 0.78–1.04, p=0.152). There was a significant  
association between mortality and socio- 
economic deprivation. Among cases in the fifth 
(compared with the first) quintile of deprivation, 
odds of in-patient mortality were 1.47 (95% CI 
1.06–2.04, p=0.02). Increasing age was strongly 
associated with mortality. The adjusted odds of 
patient death increased by 1.03 for every addi-
tional year of age (95% CI 1.03–1.05, p<0.01). 
Comorbidity was also a significant determinant of 
mortality. For example, compared to a comorbidity 
score of 0, the odds of in-patient mortality were 
increased by 2.72 for a comorbidity score of 1 
(95% CI 2.10–3.52, p<0.01), and by 4.76 for a score 
of 3 or more (95% CI 3.81–5.95, p<0.01). There was 
no statistically significant evidence of an associ-
ation between non-Māori, non-Pacific ethnicities 
and either an increased or a decreased risk of 
mortality (i.e., aOR for in-patient mortality 1.16, 
95% CI 0.95–1.41, p=0.15).

Discussion 
Following implementation of a sepsis quality 

improvement programme, after adjusting for 
important confounding variables such as age 
and comorbidity, we observed a 17% reduction 
in the odds of in-patient mortality among patients 
with sepsis (aOR 0.83, 95% CI 0.70–0.98, p=0.03). 
A weak association persisted at 30 days (OR 0.86, 
95% CI 0.74–1.00, p=0.05), but not at 90 days (OR 
0.90, 95% CI 0.78–1.04, p=0.15). We observed no 
change in ICU or in-patient hospital LOS following 
the intervention. Socio-economic deprivation was 
independently associated with increased mortality 
at all time points (i.e., aOR for 90-day mortality 
comparing the highest with the lowest quintile of 
deprivation 1.39, 95% CI 1.05–1.85, p<0.05). 

We report what we believe to be the largest  
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Table 1: Sepsis cases identified between February 2015 and June 2021, Waikato Hospital.

Characteristic Baseline n (%)
Post-implementation 
n (%)

Total n (%) P-value

Sex

Female 1,041 (42.8) 738 (40.2) 1,779 (41.7) 0.23

Male 1,391 (57.2) 1,098 (59.8) 2,489 (58.3)

Ethnicity

Māori/Pacific 827 (34.0) 621 (33.8) 1,448 (33.9) 0.99

Non-Māori and 
non-Pacific

1,605 (66.0) 1,215 (66.2) 2,820 (66.1)

Age group (years)

15–54 449 (19.2) 315 (17.8) 764 (18.6) 0.69

55–74 956 (40.8) 709 (40.1) 1,665 (40.5)

75+ 936 (40.0) 744 (42.1) 1,680 (40.9)

Unknown 91 68 159

NZ Deprivation Index (quintile)

1 (least deprived) 199 (8.2) 168 (9.2) 367 (8.6) 0.38

2 168 (6.9) 138 (7.5) 306 (7.2)

3 419 (17.3) 285 (15.6) 704 (16.5)

4 726 (30.0) 569 (31.1) 1,295 (30.4)

5 (most deprived) 912 (37.6) 672 (36.7) 1,584 (37.2)

Unknown 8 4 12

Charlson Comorbidity Index score

0 878 (36.1) 770 (41.9) 1,648 (38.6) <0.01

1 372 (15.3) 274 (14.9) 646 (15.1)

2 494 (20.3) 356 (19.4) 850 (19.9)

3+ 688 (28.3) 436 (23.7) 1,124 (26.3)

ICU admitted

No 1,981 (81.5) 1,502 (81.8) 3,483 (81.6) 0.77

Yes 451 (18.5) 334 (18.2) 785 (18.4)

Total 2,432 1,836 4,268

ICU = intensive care unit
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single-centre study of sepsis outcomes conducted 
in New Zealand. Strengths of our approach 
include the use of administrative data to allow 
continuous reporting of incidence and clinical 
outcomes over a 6-year period. In earlier work 
using this approach we demonstrated that 86% of 
patients satisfy contemporary sepsis definitions.12 
We are therefore confident that the significant 
majority of patients identified here presented 
with a critical illness. In this context, a crude 
reduction of 4% in acute mortality is clinically 
relevant and is consistent with the reported out-
comes of state-wide sepsis quality improvements 
in Australia.1,2 This study adds to these findings by 
adjusting for important confounding variables, 
including differences in age and comorbidity 
between the pre- and post-launch periods. This 
strengthens the argument that the association of 
quality improvement programmes with reduced 
odds of in-patient mortality are due to the  
programmes themselves, rather than to changes 
in underlying patient vulnerability. 

The limitations of this study include its retro-
spective design, and use of a dataset lacking clinical 
granularity. This means that we have not been 

able to measure all confounding variables known 
to affect mortality, and are therefore unable to 
determine if observed improvements in mortality 
relate to residual confounding. We acknowledge 
that the observation period includes the early 
stages of the COVID-19 pandemic, which in New 
Zealand was managed by significant restrictions 
on population movement and association, with as 
yet unknown impacts on the underlying causes 
of sepsis. Our observation period may have been 
too short to document significant improvements in 
LOS. Finally, we acknowledge that no observational 
study reporting an association between an inter-
vention and an outcome can prove causation. 

Beyond immediate resuscitation efforts, clinicians 
managing sepsis provide a range of interven-
tions and complex therapies, each representing 
an opportunity to expedite and improve resus-
citation and treatment. Successful sepsis care 
relies not just on a single intervention, such as 
introduction of a resuscitation bundle, but on 
a raft of education and process changes that 
raise awareness and lead to changes in process 
and prioritisation. For example, although the  
proportion of patients admitted to the ICU during 

Table 2: Crude mortality and length of intensive care unit and hospital stay before and after introduction of the Raise 
the Flag sepsis programme at Waikato Hospital.

Characteristic
Baseline

n=2,432

Post-implementation

n=1,836

Total

n=4,268
P-value

In-patient mortality 
n (%)

517 (21.3) 319 (17.4) 836 (19.6) <0.01

Mortality at 30 days 
n (%)

728 (29.9) 472 (25.7) 1,200 (28.1) <0.01

Mortality at 90 days 
n (%)

846 (34.8) 569 (31.0) 1,415 (33.2) <0.01

ICU LOS (days)

Median (IQR) 2.4 (1.3–5.7) 2.2 (1.3–4.6) 2.3 (1.3–5.4) 0.47

Acute in-patient LOS (days) 

Median (IQR) 7.3 (3.8–14.9) 7.1 (3.5–14.3) 7.3 (3.7–14.6) 0.74

Data relate to 4,268 adult sepsis cases identified in administrative data from February 2015 to June 2021 in the Waikato Region, 
New Zealand. 
ICU= intensive care unit; IQR = interquartile range; LOS = length of stay
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Table 3: Adjusted odds ratios and 95% confidence intervals for mortality using binary logistic regression in 4,268 
adult sepsis cases admitted to Waikato Hospital, 2015–2021.

Characteristic In-patient mortality Mortality at 30 days Mortality at 90 days

Sex

Female Reference Reference Reference

Male 0.86 (0.73–1.01) 0.87 (0.75–1.01) 0.89 (0.77–1.03)

Ethnicity

Māori/Pacific Reference Reference Reference

Non-Māori and 
non-Pacific

1.16 (0.95–1.41) 1.04 (0.87–1.24) 0.97 (0.82–1.15)

Age (years, continuous) 1.03 (1.02–1.03)** 1.04 (1.03–1.05)** 1.04 (1.03–1.04)**

NZ Deprivation Index (quintile)

1 (least deprived) Reference Reference Reference

2 1.36 (0.90–2.06) 1.21 (0.83–1.77) 1.36 (0.95–1.96)

3 1.45 (1.02–2.07)* 1.43 (1.04–1.96)* 1.44 (1.06–1.95)*

4 1.30 (0.93–1.81) 1.30 (0.97–1.74) 1.44 (1.09–1.91)*

5 (most deprived) 1.47 (1.06–2.04)* 1.37 (1.02–1.83)* 1.39 (1.05–1.85)*

Unknown

Charlson Comorbidity Index score

0 Reference Reference Reference

1 2.72 (2.10–3.52)** 2.53 (2.00–3.19)** 2.55 (2.04–3.17)**

2 1.98 (1.53–2.57)** 2.36 (1.89–2.95)** 2.66 (2.16–3.28)**

3+ 4.76 (3.81–5.95)** 6.37 (5.22–7.78)** 7.24 (5.98–8.77)**

Sepsis group based on time

Before August 2019 Reference Reference Reference

From August 2019 0.83 (0.70–0.98) p=0.03 0.86 (0.74–1.00) p=0.05† 0.90 (0.78–1.04) p=0.15

All variables in the table were included in the regression model, and all odds ratios are adjusted for other variables. 
*signifies a p-value <0.05 
**signifies a p-value <0.01. 
†Exact p-value = 0.051
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their hospital stay did not change in this analysis, 
Walland et al. reported a sustained increase in 
the odds of direct transfer to ICU following a sepsis  
diagnosis after the programme launch in 2018 
(aOR 2.81, 95% CI 1.13–6.97, p=0.03).8 Early ICU 
access for patients with sepsis may be an important 
determinant of outcome in resuscitation-eligible 
groups. Sepsis mortality is lower in the USA where 
a higher proportion of cases are admitted to ICU, 
compared to European settings where ICU admission 
is less common.15 Measures of ICU access are 
associated with outcomes in critical illness. In 
one study, a delay in ICU transfer of 6 hours or 
more was associated with a 30% increase in the 
adjusted odds of 30-day mortality.16 In another, 
the opening of an ICU within a large metropolitan 
emergency department reduced the odds of mortality 
at 30 days by 15%.17

We observed that the majority of patients with 
sepsis are managed outside intensive care, across 
a range of clinical specialties. This implies that 
improvements in sepsis care rely significantly 
on care in environments remote to critical care  
services. Real-world evaluations of practice 
have shown that staff working outside an ICU 
are poorly adherent to sepsis resuscitation  
bundles. For example, in a study using annual 
point-prevalence studies in 14 Welsh hospitals, 
the full sepsis resuscitation bundle was completed 
in 14% of eligible patients (223/1,651), but in 11% 
(190/1,651) none of the bundle elements were  
completed.18 Those patients seen by a critical 
care outreach team received the complete bundle 
in 32% of cases (54/170). In Australia and New  
Zealand, where rapid response teams operate, 
sepsis is the most frequent reason for their acti-
vation.19,20 Critical care outreach may be key to 

the delivery of the immediate resuscitation steps 
on which most quality improvement efforts are  
typically focussed. 

We are not surprised to report that improvements 
in in-patient mortality were no longer sustained 
by day 90. After 30 days, sepsis deaths are rarely 
related to sepsis-associated organ failure, suggesting 
that late mortality is mediated by the interaction of 
a proximate sepsis event with its ultimate under-
lying causes (i.e., medical comorbidity, major 
trauma or advanced age).21 This does not clearly 
explain why the adjusted odds of mortality were 
higher at all time points for those living in the 
highest quintile of socio-economic deprivation. 
Although the association between increasing 
neighbourhood socio-economic deprivation and 
sepsis mortality is well recognised, this is the first 
time, to our knowledge, that this has been reported 
in New Zealand.22 Increased mortality among those 
experiencing socio-economic deprivation is likely to 
be mediated in part by unmeasured confounding 
factors, such as smoking. However, the possibil-
ity of deficits in the quality of care and follow-up 
following critical illness is an important topic for 
further research.

In summary, this is the first report from New 
Zealand demonstrating an association with 
reduced in-hospital mortality following the launch 
of a whole-of-system sepsis quality improvement 
intervention. For all patients, sepsis outcomes 
are worsened by increasing age, comorbidity and 
exposure to socio-economic deprivation. This 
study therefore directs attention to chronic illness 
and the social determinants of health as drivers 
of preventable sepsis morbidity and mortality. 
Investment in sepsis quality improvement has the 
potential to improve short-term sepsis outcomes.
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